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pyCEAtrp207-l* which contained heavy chain as insoluble bodies, were 

1 ysed and centrifuged as above; the pe 11 et was resuspended in the 

same buffer, sonicated and re-centrifuged. This pellet was washed 

. once with buffer, then suspended in 6M guanidine HCl, O.lM Tris HC1, 
5 pH 8, lnf'i EOTA, 20 mg/ml sodium sulfite and 10 mg/ml sodium 

tetrathionate and allowed to react at 25• for about 16 hrs. The 
r.eaction mixture w~s diaJyze~ against BM urea, O.lM Tris HCl, pH 8, 
and stored at 4•, to give a 3 mg/ml solution of y-Sso3• 

10 650 ul of cell lysate from cells of various!_. coli strains 
producing various lgG chdins, was added to 500 mg urea. To this was 

added a-mercaptoethanol to 2011-1, Tris-HCl, pH 8.5 to SOnM and EDTA 
to lmM, and in some experiments, y-SS03 was added to 0.1 mg/ml. 
After standing at 25° for 30-90 mins., the reaction mixtures were 

15 dialyzed at 4• against a buffer composed of O.lM sodium glycinate, 

pH"· 10·.a, O.SM urea, lOnM glycine ethyl ester, 5mM reduced 
glutathione, O.lnt-1 oxidized glutatnione. This buffer was prepared 

from r,2-saturated water and tne dialysis was performed in a capped 

Wheaton bottle._ After lfr48 hours, dialysis bags were transferred 

20 to 4° phosphate buffered saline containing lrrf'i PMSF and dialysis 
continued another lfr24 hrs.· Dialysates were assayed by ELISA as 

described in paragraph E.2 for ability to bind CEA. The results 
below show the values obtained oy comparison with the standard curve 

in x ng/ml anti-CEA. Also shown are the reconstitution efficiencies 
25° ca,ku,lated,. f;r:om» the EL1'SA, r.e-sponses.,. minus the background" {108~ 

ng/ml) of cells producing K chain only, and from estimates of the 

30 

35 

levels of y and K cnains in the reaction mixtures. 

ng/ml Percent 
anti-CEA recombination 

!_. coli W3110 producing IFN-aA {control) 0 
f. coli (W3110/pKCEAtrp207-l*) 108 
f. coli (W3110/pKCEAtrp207-l*), plus y-SS03 848 
f. coli (W3110/pKCEAtrp207-l*6, pyCEAint2) 1580 

Hybridoma anti-CEA K-SS03 and y-SS03 540 

0312L 
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E.4 Preparation of Chimeric Antibody 

Figures 11 and 12 show the construction of an expression vector 
for a chimeric heavy (garrrna) cha in which comprises the murine anti 
CEA variable region and human y-2 constant region. 

A ONA sequence encoding the human gamma-2 heavy chain is 
prepared as fol 1 ows: the cDNA 1 ibrary obtained by standard 
' 
techniques from a human multiple myeloma cell line is probed with 
5 1 GGGCACTCGACACAA 3' to obtain the plasmid containing the cDNA 

insert for human gamma-2 cha in (Takahashi, et tl·, Cel 1, 29: 671 
(1982), incorporated herein b~ reference), and analyzed to verify 

its identity with the known sequence in human ganrna-2 {Ellison, J.~ 

et tl·, Proc. Natl. Acad. Sci. (USA}, 79: 1984 (1982) incorporated 

herein by reference). 

As shown. in Figure 11. two fragments are obtained from this 
cloned human gamma 2 plasmid (py2). The first fragment is formed by 
digestion with Pvull followed by digestion with Ava III, and 
purification of the smaller DNA fragment, which contains a portion 

-
of the constant region, using 6 percent rAGE. The second fragment· 
is obtained by digesting the py2 with any restriction enzyme which 

cleaves in the 3 1 untranslated region of y2, as deduced from the 
nucleotide sequence, filling in with Klenow and dNTPs, cleaving with 
Ava III, and isolating the smaller fragment using 6 percent PAGE. 
lT.b~, cnoi ce .. o:f. a two step, two fragment composj tton to. supp.ly.. the. 
~vull-3' untranslated fragment provides a.cleaner path to product 
due to the proximity of the AvalII site to the 3 terminal end thus 

avoiding additi~nal restriction sites in the gene sequence matching 
the 3• untranslated region site.J· pyCEA207-l* is digested with EcoR 

1. treated with Klenow and dNTPs to fill in the cohesive end, and 
digested with Pvu II, the large vector fragment containing promoter 
isolated by 6 perc~nt PAGE. 

rhe. location an.d- DNA sequence· surr-oundi'ng the- Pvult site in· the 

0312L 
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mouse garmna-1 gene are.identical to the location and DNA sequence 
surrounding the Pvull site in the human garmna-2 gene. 

The plasmid resulting from a three way ligation of the foregoing 
fragments, pChiml, contains, under the influence of trp promoter, 
the variable and part of the· constant region of· murine anti--CEA 
gamma 1 chain, and a portion of the galtlila 2 human chain. pChiml 
will, in fact, express a chimeric heavy chain. when transfonned into 
f· coli, but one wherein the change from mouse to human does not 
take place at the variable to constant junction. 

Figure·· 12 shows modification of pChiml to construct pChim2 so 
that the resulting protein from expression will contain variable 
region from murine anti CEA antibody and constant region from the 

numan y-2 chain. First, a fragment is prepared from pChiml by 

treating with Nco I, blunt ending with Klenow and dNTPs~ cleaving 
with Pvu II, and.isolating the large vector fragment which is almost 
the complete pla~mid except for short segment in the constant coding· 
region for mouse anti CEA. A second fragment is prepared from the 
previously described py2 by treating with Pvu II, followed by 
treating with any restriction enzyme which cleaves in the variable 
region, blunt ending with Klenow and dNTPs and isolating the short 
fragment which comprises the junction between variable and constant 
regions of this chain. 

Ligation of the foregoing two fragments produces an intennediate 
plasmid which is correct except for an extraneous DNA fragment which 
contains a small portion of the constant region of the murine anti 
CEA antigen, and a small portion of the variable region of the human 
gamma chain. This repair can be made by excising the Xba I to Pvu 
II fragment and cloning into M13 phage as described by Messing 
et_!]_., Nucleic Acids Res. 9-: 309 C19.81), followed by in vitro site 
directed deletion mutagenesis as described by Adelman, et tl·, DNA 
2, 183 (1983) which is incorporated herein by reference. The 
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Xba I-Pvu II fragment thus modified is ligated back into the 

intermediate plasmid to form pChim2. This plasmid then is capable 
of expressing in a suitable host a cleanly constructed murine 

variable/human constant chimeric heavy chain. 

ln. an analogous fashfon,. but using mRNA templates. for cDNA 
construction for human kappa rather than y chain, the expression 

plasmid for chimeric light chain is prepared. 

10 The foregoing two plasmids are then double transformed into 

15 

E.coli W3110, the cells grown and the chains reconstituted as set 
forth in paragraph E.1-E.3 supra. 

E.5 Preparation of Altered Murine Anti-CEA Antibody 

E.5.1 Construction of Plasmid Vectors for Direct Expression of 

Altered Murine Anti-CEA Heavy Chain Gene 
The cysteine residues, and the resultant disulfide bonds in the 

region of amino acids 216-230 in the constant region of murine 
20 anti-CEA heavy chain are suspected to be important for complement 

fixation (Klein, et!!•, Proc. Natl. Acad. Sci., (USA), 78: 524 
(1981)) but not for. the antigen binding property of the resulting 

antibody. To decrease the probability of incorrect disulfide bond 
fo·rmation· during re'c·on·stftlifion· accordl'ng to .the process of the 

25 invention herein, the nucleotides encoding the amino acid residues 
226-232 which includes codons for three cysteines, are deleted as 
follows: 

A "deleter" deoxyoligonucelotide. 5' CTAACACCATGTCAGGGT is used 
30 to delete the relevant portions of the gene from pyCEAtrp207-l* by 

the procedure of Wallace. et!!_ •• Science. 209: 1396 (i980) or of 
Adelman,- et &·, ~ 2, 183 (1983). Briefly. the "deleter" 
deoxyoligonucelotide is annealed with denatured pyCEAtrp207-l* DNA, 

35 
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and primer repair synthesis carried out in vitro, followed by 

screening by hybridization of presumptive deletion clones with P32 

labelled deleter sequence. 

5 E.5.2 Production of Cysteine Deficient Altered Antibody 

The plasmid prepared in E.5 .1 is transformed into an £· co~ i 

strain previously transformed with pKCEAtrp207-l* as described 

above. The cel 1 s are grown, extracted for recombinant antibody 
chains, and the altered antibody reconstituted as described in 

10 E.1.10. 

15 

E.6 Preparation of Fab 

E.6.1 Construction of a Plasmid Vector for Direct Expression 
of Murine Anti-CEA Gamma 1 Fab FraOTnent Gene 

pyCEAFabtro207-l* 

Figure 13 presents the construction of pyCEAFabtrp207-l*. 5 µg 

of pBR322 was digested with Hind III, the cohesive ends made flush 
by treating with Klenow and dNTPs; digested with Pst I, and treated 

20 with BAP. The large vector fragment, fragment I, was recovered 
using 6 percent PAGE followed by electroelution. 

5 µg of pyCEAtrp207-l* was digested with both BamH I and Pst I 
and)" the- -1szo bp, ONA fragment (fragment I.I) contain.ing the trp 

25 promoter and the gene sequence encoding the variable region 

continuing into constant region and further into the anti-CEA ganma 

1 chain hinge region, was isolated and purified after 

electrophoresis. 

30 Express ion of the anti-CEA ganma l chain Fab fragment rather 

35 

than complete heavy chain requires that a termination codon be 

constructed at the appropriate location in the gene. For this, the 
2 60 bp Nco I - Nde l DNA fragment from 20 µg of the py298 was 

isolated and purified. A 13 nucleotide DNA priner, the complement 

n~1 ?I 
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of which encodes the last 3 C-terminal amino acids of the fab gene 

and 2 oases of the 3 needed for the stop codon, was synthesized by 
the phosphotriester method (supra). The probe hybridizes to· 
nucleotides 754 to 767 (figure 4) which has the following sequence: 

AspCysGlyStop 
51 GGGATTGTGGTTG 3,1 

The third base of the stop codon is provided by the terminal 
nucleotide of the filled-in Hind III site from pBR322 cleavage 
described above. 500 ng of this primer was used in a primer repair 
reaction by phosphorylation at the 5' end in a reaction with 10 · 

units T4 DNA kinase containing 0.5 nivt ATP in 20 µl, and mixing with 
-200 ng of the Nco 1-Nde I DNA fragment. The mixture was heat 
denatured for 3 minutes at 95° and quenched in dry-ice ethanol. The 
denatured DNA solu.tion ·was made 60rrM NaCl, 7mM MgC1 2, 7 rrt-1 Tris 

HCl (pH 7 .4), 12 mM in each dNTP and 12 units DNA Polymerase I-Lar9e 
Fragment was added. After 2 hours incubation at 37°C, this primer 
repair reaction was phenol/CHC13 extracted, ethanol precipitated, 
digested with BamH I and the reaction electrophoresed through a 6 

percent polyacrylamide gel. -song of the 181 bp blunt end to BamH 
I ONA fragment, fragment III> was isolated and purified. 

-100 ng of fragment I, -100 ng each of fragments II and III were· 
1Tg~a·ted o·verY1fght and' 1:r·arisfofmed~ fo'to E. coli Kl2 strain 2~94. - --.· 
Plasmid DNA from several tetracycline resistant transformants wa~ · · 

analyzed for the proper construction and the nucleotide sequence 
through the repair blunt end filled-in Hind III -junction was 

determined for verification of the TGA stop codon. 

E.6.2 Production of Fab Protein 
· The plasmid prepared in E.6~1 is transformed into an f. coli 

strain previously transformed with pKCEAtrp207-1* as described 
above. ·the cells are grown> extracted for recombinant antibody 
chains and the Fab protein reconstituted as described in E.1.10. 

n?1?1 
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The appended c·laims set. out the principal areas for 

which a monopoly is presently claimed. In addition, the 

following preferred features should be noted: 

the antibody of claim 3 which is directed against CEA; 

th~ antibody of claim 3 wherein the heavy chain is of 

· the gamma family; 

the antibody of claim 3 wherein the light chain is of 

the kappa family; 

the composition of matter of claim 8 which is 

io mammalian; 

15 

20 

25 

the composition of matter of claim 8 which is 

immunoreactive against CEA; 

the sequence of claim 9 which is a mammalian heavy 

chain; 

chain; 

chain; 

the sequence of claim 9 which is anti-CEA heavy chain; 

the sequence of claim 10 which is a mammalian light 

the sequence of claim 10 which is anti-CEA light 

the recombinant host cells of claim 16 which are 

microbial host cells; 

the method of claim 17 wherein the vector of b) and 

the vector of d) are transformed into the same host cell 

culture, and 

the sequence of a) and the sequence of c) are inserted 

into the same replicable expression vector; 

tJ1_e metJ1qd of c),aim 1 7 whe:r:.e.in t.Qe DN~ s~eq:u.ene,e of. a.t 

encodes mammalian heavy chain, and the DNA sequence of c) 

encodes mammalian light chain; and wherein both DNA 

30 fragments encode amino acid sequences of the same mammalian 

antibody; 

35 

the method of claim 17 wherein the DNA fragment of a) 

encodes a chimeric hybrid heavy chain and the DNA sequence 

of c) encodes a chimeric light chain; and 

the method of any one of claims 17 to 19 wherein said 

vectors, a:i=-e t:v-ansformed., i 0nto the same hos't ce·ll culture·. 
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CLAIMS 

1. An immunoglobulin produced by r~combinant host cells. 

5 2. An immunoglobulin substanti~l1y fr~e of other proteins 

with which it is normally associate~ in· vertebrate cells.··. 

3 .• , The· immunog_lobulin o.f claim l or 2 which is a 

mammalian antibody, in that the amino acid sequences of all 

10 four chains are homologous to the sequences in the 

corresponding chain~ in an antibo~y derived from a 

mammalian species. 

4. The immunoglobulin of claim 1 or 2. which is a hybrid 

15 antibody, a composite non-specific immunoglobulin, a 

chimeric antibody, or an altered-antibody. 

5. A chimeric antibody of clai~~-wh~rei~ the constant 

regions of all four chains are homologous ~o the 
. .. . 

20 corresponding constant regions of ~n~ntibcidy of a first 

25 

mammalian species, and the amino a~i9 sequence of the 

variable regions of all four chains are homologous to the· 

variable regions in an antibody derived from a second, 

different, mammalian species. 

6:- A- compos.i-tion, of matter- consisting~ essentially of a-

univalent antibody. 

7. A composition of matter consisting essentially of Fab 

30 protein. 

8. A composition of matter of claiin. 6 or claim 7 which 

is produced by recombinant host c~).ls. 

35_ 9. A sequence of amino·acids produced by recombinant 

host cells corresponding to immunoglobulin heavy chain. . ... -' 
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10. A sequence of amino acids producea by recombinant host 

cells corresponding to immunoglobulin_ light chain. 

11. A sequence of claim 9 or claim 10 which is a chimeric 

5 heavy chain or light chain, respectively. 

12. A sequence of claim 11 wherein that portion of the 

sequence which corresponds to the constant region is 

homologous to corresponding sequence of an antibody derived 

10 from humans, and the amino acid sequence of the variable 

region is homologous to the corresponding amino acid 

sequence of an antibody derived from non-human mammalian 

species. 

15 13. A DNA sequence which encodes for the immunoglobulin 

of claim 1 or 2, the composition of matter of claim 6 or 

the amino acid sequence Qf claim 9 or claim 10. 

14. A replicable expression vector capable of expressing 

20 in a suitable host cell the DNA sequence of claim 13. 

25 

15. An expression plasmid which comprises the DNA sequence 

of claim 14 operably linked to a promoter compatible with a 

suitable host cell. 

16. Recombinant host cells or host cell cultures 

transfcfr'rned wit:h fne· vector of claim 14 or 15. 

17. A method for preparing immunoglobulins in recombinant 

30 host cells which method comprises 

35 

a) preparing a DNA sequence encoding heavy chain, 

b) inserting the sequence of a} into a replicable 

expression vector operably linked to a- suitable promoter, 

c) preparing a DNA sequence encoding light chain, 

d) inserting the sequence of c} into a replicable 

expresion vector operably linked to a suitable promoter, 
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e) transforming host cell ciulture wiih the vector of 

b) and host cell culture with the vector of d}, 

f) recoveririg light chain and heavy chain from cell 

culture, 

g} reconstituting light and heavy chain, 

wherein steps f) and g) may be performed either 

sequentially in either order, or simul·taneously. 

18. A method for preparing Fab protein in recombinant 

10 host cells which method comprises 

a) preparing a DNA sequence encoding the Fab region 

of heavy chain, 

b} inserting the sequence of a) into a replicable 

expression vector operably linked to a suitable promoter, 

15 c) preparing a DNA sequence encoding light chain, 

20 

25 

d) inserting the sequence of c) into a replicable 

expression vector operably linked to a suitable promoter, 

e) transforming host cell culture with the vector of 

b) and host cell culture with the vector of d}, 

f) recovering light chain and Fab protein of heavy 

chain from cell culture, 

g) reconstituting light and heavy Fab region chains; 

wherein steps f) and g) may either be performed 

sequentially in either order or simultaneously. 

19. A method for preparing univalent antibody in 

recombinant hos.t cells which method comprises_ 

a} preparing a DNA sequence encoding heavy chain, 

b) inserting the sequence of a) into a replicable 

30 expression vector operably linked to a suitable promoter, 

35 

c) preparing a DNA sequence encoding light chain, 

d) .inserting the sequence of c) into a replicable 

expression vector operably linked to a suitable promoter, 

e) preparing a DNA sequence encoding the Fe portion 

of heavy chain, 

. . .. ··.~· 
:• .·. 

..... 
··,·· .. 
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f) inserting the sequence of e) into a replicable 

expression vector operably linked to a suitable promoter, 

g) transforming host cell culture with the vector of 

b~ host cell cultur~ with the vectbr of d), and host ce11· 

5 culture with the vector off), 

h) recovering light chain, hea_vy chain, and Fe portion 

of heavy chain from cell culture, 

i} reconstituting light chain, heavy chain, and Fe 

portion of heavy ch~in, 

10 wherein steps h) and i) may be performed 

sequentially in either order or simultaneously. 

20. A method for preparing heavy chain or light chain 

which method comprises 

15 a) preparing a DNA sequence encoding heavy or light 

chain, 

b) inserting said sequence into a replicable 

expression vector operably linked to a suitable promoter, 

c) transforming host cell culture with the vector of 

20 b), and 

25 

d} recovering heavy or light chain from cell culture. 

21. A method for preparing Fab region of heavy chain as a 

polypeptide which method comprises 

a) preparing a DNA sequence encoding Fab region of 

heavy chain, 

bs). i,nser~i-ng, sa--1-d" sequence into a rep-1-icable 

expression vector operably linked to a suitable promoter, 

d) transforming host cell culture with the vector of 

30 b), 

d) recovering Fab region of heavy chain from cell 

culture. 
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haeII I 
. tth 111 t.thl 11 hph I hae I 

1 GTTGCTGTGG TTGTCTGGTG TTGAAGGAGA CATTGTGATG ACCCAGTCTC ACAAATTCAT GTCCACATCA GTAGGAGACA GGGTCAGCAT CACCTGCAAG 
CAACGACACC AACAGACCAC AACTTCCTCT GTAACACTAC TGGGTCAGAG TGTTTAAGTA CAGGTGTAGT CATCCTC·TGT CCCAGTCGTA GTGGACGTTC 

· • · · sfaNI · 

scrF I 
fnu4HI scrFI scrFI ncf I 

fok I bbv ecoRII ecoRI I hpa II hfnfI 
101 GCCAGTCAGG ATGTGGGTGC TGCTATAGCC TGGTATCAAC AGAAACCAGG ACAATCTCCT AAACTACTGA TTTACTG~GC ATCCACCCGG CACACTGGAG 

CGGTCAGTCC TACACCCACG ACGATATCGG ACCATAGTTG TCTTTGGTCC TGTTAGAGGA TTTGATGACT AAATGACCCG TAGGTGGGCC GTGTGACCTC 
. fok I ~ sfaNI 

201 

301 

401 

xhotl 
sau3A sau3A 
dpnl dpil hphI . . hfncII 

TCCCTGATCG CTTCACAGGC AGTGGATCTG GGACAGATTT CACTCTCACC ATTAGCAATG TGCAGTCTGA TGACTTGGCA GATTATTTCT GTCAACAATA 
AGGGACTAGC GAAGTGTCCG TCACCT~GAC CCTGTCTAAA GTGAGAGTGG TAATCGTTAC ACGTCAGACT ACTGAACCGT CTAATAAAGA CAGTTGTTAT 

sau96 fnu4HI lpaI 
mn1I . avail aluI aluI sfaNI bbv mboII hfncII 

TAGCGGGTAT CCTCTCACGT TCGGTGClGG GACCAAGCTG GAGCTGAAAC GGGCTGATGC TGCACCAACT GTATCCATCT TCCCACCATC CAGTGAGCAG 
ATCGCCCATA GGAGAGTGCA AGCCACGACC CTGGTTCGAC CTCGACTTTG CCCGACTACG ACGTGGTTGA CATAGGTAGA AGGGTGGTAG GTCACTCGTC 

fokl 

mnll 
mnlI ddeI xmnI mbo1I acyI 

TTAACATCTG GAGGTGCCTC AGTCGTGTGt TTCTTGAACA ACTTCTACCC CAAAGACATC AATGTCAAGT GGAAGATTGA TGGCAGTGAA CGACAAAATG 
AATTGTAGAC CTCCACGGAG TCAGCAC'ACG AAGAACTTGT TGAAGATGGG GTTTCTGTAG TTACAGTTCA CCTTCTAACT ACCGTCACTT GCTGTTTTAC 

Fig.2A~ 
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sau3A 
dpnI fnu4HI 

hgal bell bbv mnll hfncII alul 
501 GCGTCCTGAA CAGTTGGACT GATCAGGACA GCAAAGACAG CACCTACAGC ATGAGCAGCA CCCTCACGTT GACCAAGGAC GAGTATGAAC GACATAACAG 

~GCAGGACTT GTCAACCTGA CTAGT~CTGT CGTTTCTGTC GTGGATGTCG TACTCGTCGT GGGAGTGCAA CTGGTTCCTG CTCATACTTG CTGTATTGTC 

mnl I sau96 hga I 
haelII ddeI 

hael hphl alul . avall acyI 
601 CTATACCTGT GAGGCCACTC ACAAGACATC AACTTCACCC ATTGTCAAGA GCTTCAACAG GAATGAGTGT TAGAGACAAA GGTCCTGAGA CGCCACCACC 

GATATGGACA CTCCGGTGAG TGTTCT,GTAG TTGAAGTGGG TAACAGTTCT CGAAGTTGTC CTTACTCACA ATCTCTGTTT CCAGGACTCT GCGGTGGTGG 

mnll 

701 
aluI aluI mboII ddeI mn1I . hgfA mn1I mn1I 
AGCTCCCCAG CTCCATCCTA TCTTCCCTTC TAAGGTCTTG .GAGGCTTCCC CACAAGCGAC CTACCACTGT TGCGGTGCTC CAAACCTCCT CCCCACCTCC 
TCGAGGGGTC GAGGTAGGAT AGAAGGGAAG ATTCCAGAAC CTCCGAAGGG GTGTTCGCTG GATGGTGACA ACGCCACGAG GTTTGGAGGA GGGGTGGAGG 

fok I . · 

mn1I 
mn1I mn1I xmnl hfnfI 

801 TTCTCCTCCT CCTCCCTTTC CTTGGCTTTT ATCATGCTAA TATTTGCAGA AAATATTCAA TAAAGTGAGT CTTTGCACTT GA 
AAGAGGAGGA GGAGGGAAAG GAACCGAAAA TAGTACGATT ATAAACGTCT TTTATAAGTT ATTTCACTCA GAAACGTGAA CT 

nucleotfdes: 882 Fig. 28. 
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~9 1 10 20 
leu leu trp leu ser gly val glu gly asp fle val met thr gln ser hfs lys phe met ser thr ser val gly asp arg val ser 

G UUG CUG UGG UUG UCU GGU GUU GAA G~A GAC AUU GUG AUG ACC CAG UCU CAC AAA UUC AUG UCC ACA UCA GUA GGA GAC AGG GUC AGC 

30 40 50 
fle thr cys lys ala ser gln asp val gly ala ala fle ala trp tyr gln gln lys pro gly gln ser pro lys leu leu ile tyr trp 
AUC ACC UGC AAG GCC AGU CAG GAU GUG GGU GCU GCU AUA GCC UGG UAU CAA CAG AAA CCA GGA CAA UCU CCU AAA CUA CUG AUU UAC UGG 

. 60 70 80 
ala ser thr arg hfs thr gly val pro a~p arg phe thr gly ser gly ser gly thr asp phe thr leu thr fle ser asn val gln ser 
GCA ucc ACC CGG CAC ACU GGA GUC CCU GAU CGC uuc ACA GGC AGU'GGA ucu GGG ACA GAU uuc ACU cue ACC AUU AGC AAU GUG CAG ucu 

. 90 100 110 
asp asp leu ala asp tyr phe cys gln gln tyr ser gly tyr pro leu thr phe gly ala gly thr lys leu glu leu lys arg ala asp 
GAU GAC UUG GCA GAU UAU UUC UGU CAA C~~ UAU AGC GGG UAU CCU CUC ACG UUC GGU GCU GGG ACC AAG CUG GAG CUG AAA CGG GCU GAU 

120 130 140 
ala ala pro thr val ser fle phe pro p~o ser ser glu gln leu thr ser gly gly ala ser val val cys phe leu asn asn phe tyr 
GCU GCA CCA ACU GUA UCC AUC UUC CCA CCA UCC AGU GAG CAG UUA ACA UCU GGA GGU GCC UCA GUC GUG UGC UUC UUG AAC AAC UUC UAC 

1~ 160 170 
pro lys asp fle asn val lys trp lys fle asp gly ser glu arg gln asn gly val leu asn ser trp thr asp gln asp ser lys asp 
CCC AAA GAC AUC AAU GUC AAG UGG AAG AUU GAU GGC AGU GAA CGA CAA AAU GGC GUC CUG AAC AGU UGG ACU GAU CAG GAC AGC AAA GAC 

180 190 200 
ser thr tyr ser met ser ser thr leu thr, leu thr lys asp glu tyr glu arg hfs asn ser tyr thr cys glu ala thr hfs lys thr 
AGC ACC UAC AGC AUG AGC AGC ACC CUC ACG UUG ACC AAG GAC GAG UAU GAA CGA CAU AAC AGC UAU ACC UGU GAG GCC ACU CAC AAG ACA 

210 214 
ser thr ser pro fle val lys ser phe as~ arg asn glu cys AM 
UCA ACU UCA CCC AUU GUC AAG AGC UUC AAG AGG AAU GAG UGU UAG AGACAAAGGUCCUGAGACGCCACCACCAGCUCCCCAGCUCCAUCCUAUCUUCCCUUCUAA 

GGUCUUGGAGGCUUCCCCACAAGCGACCUACCACUGUUGCGGUGCUCCAAACCUCCUCCCCACCUCCUUCUCCUCCUCCUCCCUUUCCUUGGCUUUUAUCAUGCUAAUAUUUGCAGAAAA 

UAUUCAAUAAAGUGAGUCUUUGCACUUGA 

~l 
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sau96 ddel 
M nfl avail mntI· al ul aha I I I s fa NI 

1 GAGTCAGCAC TGAACACGGA CCCCTC·ACGA TGAACTTCGG GCTCAGCTTG ATTTACCTTG TCCTTGTTTT AAAAGTTGTC CAGTGTGAAG TGATGCTGGT 
OTCAGTCGTG ACTTGTGCCT GGGGAGTGCT ACTTGAAGCC CGAGTCGAAC TAAATGGAAC AGGAACAAAA TTTTCAACAG GTCACACTTC ACTACGACCA 

I 

scrFI sau96 
' mn1I fnu4HI 

h 1n f I h 1 n f I e.c o R 11 a v a I I b b v m n 1I h 1 n fl 
101 GGAGTCTGGG GGAGTCTTAA TGGAGCCTGG AGGGTCCCTG AAACTCTCCT GTGCAGCCTC TGGATTCACT TTCAGTAGAT ATGCCATGTC TTGGGTTCGC 

CCTCAGACCC CCTCAGAATT ACCTCGGACC TCCCAGGGAC TJTGAGAGGA CACGTCGGAG ACCTAAGTGA AAGTCATCTA TACGGTACAG AACCCAAGCG 

hpaII mnll hphl 
hfnfI mboII hinfl 

201 CAGACTCCGG AGAAGAGGCT GGAGTGGGTC GCAACCATTA GTAGTGGTGG TAGTTCACAC CTTCCATCCA GACAGTGTGA AGGGCGATTC ACCATCTCCA 
GTCTGAGGCC TCTTCTCCGA CCTCACICAG CGTTGGTAAT CATCACCACC ATCAAGTGTG GAAGGTAGGT CTGTCACACT TCCCGCTAAG TGGTAGAGGT 

, fok I 

. mntI mnl I 
rsaI ddel ddel haeIIi mn1I 

301 GAGACAATGC CAAGAACACC CTGTACCTGC AAATGAGCAG TCTGAGGTCT GAGGACACGG CCATGTATTA CTGTGCAAGA CCCCCTCTTA TTTCGTTAGT 
CTCTGTTACG GTTCTTGTGG GACATGGACG TTTACTCGTC AGACTCCAGA CTCCTGTGCC GGTACATAAT GA~ACGTTCT GGGGGAGAAT AAAGCAATCA 

xhoII 
scrFI (/\ 

401 

sau96 sau3A -
mnll mnlI ecoRII :E 

ddeI hphI ddeI haeJII dpnI 
A~CGGACTAT GCTATGGACT ACTGGGGTCA AGGAACCTCA GTCACCGTCT CCTCAGCCAA AACGACACCC CCATCTGTCT ATCCACTGGC CCCTGGATCT 
TCGCCTGATA CGATACCTGA TGACCCCAGT TCCTTGGAGT CAGTGGCAGA GGAGTCGGTT TTGCTGTGGG GGTAGACAGA TAGGTGACCG GGGACCTAGA 

Fig.4A. 0 ..... 
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scrFI xhoII 
ncol sfaNl fokl sau3A 

frj.u4HI hphl ecoRI I scrFI scrF·I dpnl 
bbv bstEII ecoRII ddel ecoRJI bamHI 

501 GtTGCCCAAA CTAACTCCAT GGTGACCCTG GGATGCCTGG TCAAGGGCTA TTTCCCTGAG CCAGTGACAG TGACCTGGAA CTCTGGATCC CTGTCCAGCG 
C~AtGGGTTT GATTGAGGTA CCACTG~GAC CCTACGGACC AGTTCCCGAT AAAGGGACTC GGTCACTGTC ACTGGA~tTT GAGACCTAGG GACAGGTCGC 

fnu4HI sau96 
pvuII bbv ddeI mn1I 

hgfA alul pstl: mnlI ddeI aluI mnll haeIII hphI 
601 GTGTGCACAC CTTCCCAGCT GTCCTGQAGT CTGACCTCTA CACTCTGAGC AGCTCAGTGA CTGTCCCCTC CAGCCCTCGG CCCAGCGAGA ccGrCACCTG 

CACACGTGTG GAAGGGTCGA CAGGAC~TCA GACTGGAGAT GTGAGACTCG TCGAGTCACT GACAGGGGAG GTCGGGAGCC GGGTCGCTCT GGCAGTGGAC 

scrFI 
ha ell I 

ncfl · fnu4HI scrFI 
bg1I hpaII bbv ecoRII ndel rsal 

701 CAACGTTGCC CACCCGGCCA GCAGCAQCAA GGTGGACAAG AAAATTGTGC CCAGGGATTG TGGTTGTAAG CCTTGCATAT GTACAGTCCC AGAAGTATCA 
GTJGCAACGG GTGGGCCGGT CGTCGTGQTT CCACCTGTTC TTTTAACACG GGTCCCTAAC ACCAACATTC GGAACGTATA CATGTCAGGG TCTTCATAGT 

801 

901 

mstII sau3A 
hphI hfnfI dpnl mn1I 

mboII mboII fokl hg1A ddeI accI fokl avaI 
TCTGTCTTCA TCTTCCCCCC AAAGCCC~AG GATGTGCTCA CCATTACTCT GACTCCTAAG GTCACGTGTG TTGTGGTAGA CATCAGCAAG GATGATCCCG 
AGACAGAAGT AGAAGGGGGG TTTCGG~TTC CTACACGAGT GGTAATGAGA CTGAGGATTC CAGTGCACAC AACACCATCT GTAGTCGTTC CTACTAGGGC 

smal 
scrFI 

scrFI 
ncfl 

ncfl 
sau96 pvuII mn1I ddeI hpaII 
a,aII alul hgfA aluI hgal avaI mnll 

AGGTCCAGTT CAGCTGGTTT GTAGATGATG TGGAGGTGCA CACAGCTCAG ACGCAACCCC GGGAGGAGCA 
TCCAGGTCAA GTCGACCAAA CATCTACTAC ACCTCCACGT GTGTCGAGTC TGCGTTGGGG CCCTCCTCGT 

Fig. 48. 

ddeI 
GTTCAACAGC ACTTTCCGCT CAGTCAGTGA 
CAAGTTGTCG TGAAAGGCGA GTCAGTCACT 

0-· 

-1' 

0 .... 
N 
U'I 
0 
N 
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fnu4HI 
scrFI bbv 
ecoRII hfncII alul taql 

1001 ACTTCCCATC ATGCACCAGG ACTGGCTCAA TGGCAAGGAG TTCAAATGCA GGGTCAACAG TGCAGCTTTC CCTGCCCCCA TCGAGAAAAC CATCTCCAAA 
TGAAGGGTAG TACGTGGTCC TGACCGAGTT ACCGTTCCTC AAGTTTACGT CCCAGTTGTC ACGTCGAAAG GGACGGGGGT AGCTCTTTTG GTAGAGGTTT 

tr , 

haelII 
hael 

rsal mnll ball 
1101 ACCAAAGGCA GACCGAAGGC TCCACAGGTG TACACCATTC CACCTCCCAA GGAGCAGATG GCCAAGGATA AAGTCAGTCT GACCTGCATG ATAACAGACT 

TGGTTTCCGT CTGGCTTCCG AGGTGTCCAC ATGTGGTAAG GTGGAGGGTT CCTCGTCTAC CGGTTCCTAT TTCAGTCAGA CTGGACGTAC TATTGTCTGA 

fnu4HI . 
mboll mboII bbv · ddel 

1201 TCTTCCCTGA AGACATTACT GTGGAGTGGC AGTGGAATGG GCAGCCAGCG GAGAACTACA AGAACACTCA GCCCATCATG AACACGAATG GCTCTTACTT 
AGAAGGGACT TCTGTAATGA CACCTCACCG TCACCTTACC CGTCGGTCGC CTCTTGATGT TCTTGTGAGT CGGGTAGTAC TTGTGCTTAC CGAGAATGAA 

sau96 
mnl I mboII 

1301 
acct alul mboII mnll hphI haelll ddel 

CGTCTACAGC AAGCTCAATG TGCAGAAGAG CAACTGGGAG GCAGGAAATA·'CTTTCACCTG CTCTGTGTTA CATGAGGGCC TGCACAACCA CCATACTGAG 
GCAGATGTCG TTCGAGTTAC ACGTCTTCTC GTTGACCCTC CGTCCTTTAT GAAAGTGGAC GAGACACAAT GTAcrqccGG ACGTGTTGGT GGTATGACTC -J 

1401 

scrFI sau3A sau96 
mn1I ecoRII dpnI · · mn1I avail hfnfl mnll mn1I 

~AGAGCCTCT CCCACTCTCC TGGTAAATGA TCCCAGTGTC CTTGGAGCCC TCTGGTCCTA CAGGACTCTG ACACCTACCT CCACCCCTCC CTGTATAAAT 
TTCTCGGAGA GGGTGAGAGG ACCATTTACT AGGGTCACAG GAACCTCGGG AGACCAGGAT GTCCTGAGAC TGTGGATGGA GGTGGGGAGG GACATATTTA 

1501 AAAGCACCCA GCACTGCCTT GGGAAAAA 
TTTCGTGGGT CGTGACGGAA CCCTTTTT 

Fiff 4C. 
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wlO 1 
met asn phe gly leu ser leu fle tyr leu val leu val leu lys val val gln cys glu 

GAGUCAGCACUGAACACGGACCCCUCAC~ AUG AAC UUC GGG CUC AGC UUG AUU UAC CUU GUC CUG GUU UUA AAA GUU GUC CAG UGU GAA 

10 20 30 
val met leu val glu ser gly gly val le~ met glu pro gly gly ser leu lys leu ser cys ala ala ser gly phe thr phe ser arg 
GUG AUG CUG GUG GAG ucu GGG GGA GUC UUA AUG GAG CCU GGA GGG ucc CUG AAA cue ucc UGU GCA GCC ucu GGA uuc ACU uuc AGU AGA 

40 50 60 
tyr ala.met ser trp val arg gln thr pro glu lys arg leu glu trp val ala thr fle ser ser gly gly ser ser hfs leu proser 
UAU GCC AU~ ucu UGG GUU CGC CAG ACU cc~ GAG AAG AGG CUG GAG UGG GUC GCA ACC AUU AGU AGU GGU GGU AGU UCA CAC cuu CCA ucc 

70 80 90 
arg gln cys glu gly arg phe thr fle se~ arg asp asn ala lys asn thr leu tyr leu gln met ser ser leu arg ser glu asp thr 
AGA CAG UGU GAA GGG CGA UUC ACC AUC UCC1 AGA GAC AAU GCC AAG AAC ACC CUG UAC CUG CAA AUG AGC AGU CUG AGG UCU GAG GAC ACG 

100 110 120 
ala met tyr tyr cys ala arg pro pro leu ile ser leu val ala asp tyr ala met asp tyr trp gly gln gly thr ser val thr val 
GCC AUG UAU UAC UGU GCA AGA CCC CCU CUU: AUU UCG UUA GUA GCG GAC UAU GCU AUG GAC UAC UGG GGU CA~ GGA ACC UCA GUC ACC GUC 

130 140 150 
ser ser ala lys thr thr pro proser val tyr pro leu ala pro gly ser ala ala gln thr asn ser met val thr leu gly cys leu 
UCC UCA GCC AAA ACG ACA CCC CCA UCU GUC' UAU CCA CUG GCC CCU GGA UCU GCU GCC CAA ACU AAC UCC AUG GUG ACC CUG GGA UGC CUG 

160 170 180 o() 
val lys gly tyr phe pro glu pro val thr val thr trp asn ser gly ser leu ser.ser gly val hfs thr phe pro ala val leu gln ---
GUC AAG GGC UAU UUC CCU GAG CCA GUG ACA GUG ACC UGG AAC UCU GGA UCC CUG UCC AGC GGU GUG CAC ACC UUC CCA GCU GUC CUG CAG ~ 

190 200 210 
ser asp leu tyr thr leu ser ser ser val thr val proser ser pro arg proser glu thr val thr cys asn val ala hfs pro ala 
UCU GAC CUC UAC ACU CUG AGC AGC UCA GUG ACU GUC CCC UCC AGC CCU CGG CCC AGC GAG ACC GUC ACC UGC AAC GUU GCC CAC CCG GCC 

220 230 240 
ser ser thr lys val asp lys lys fle val pro arg asp cys gly cys lys pro cys fle cys thr val pro glu val ser ser val phe 
AGC AGC ACC AAG·GUG GAC AAG AAA AUU GUG CCC AGG GAU UGU GGU UGU AAG CCU UGC AUA UGU ACA GUC CCA GAA GUA UCA UCU GUC UUC C) 

Fig. SA. 
.... 
~ 
CJ1 
0 
N 

"' 

BIOEPIS EX. 1002 
Page 4019



250 260 270 
11e phe pro pro lys pro lys asp val leu thr 11e thr leu thr pro lys val thr cys val val val asp ile ser lys asp asp pro 
AUC uuc CCC CCA AAG CCC AAG GAU GUG cue ACC AUU ACU CUG ACU CCU AAG GUC ACG UGU GUU GUG GUA GAC AUC AGC AAG GAU GAU CCC 

280 290 300 
glu val gln phe ser trp phe val asp asp val glu val his thr ala gln thr gln pro arg glu glu,·gln phe asn ser thr phe arg 
GAG GUC CAG UUC AGC UGG UUU GUA GAU GAU GUG GAG GUG CAC ·ACA GCU CAG ACG CAA CCC CGG GAG GAG CAG UUC AAC AGC ACU UUC CGC 

310 320 330 
ser val ser glu leu pro fle met hfs gfn asp trp leu asn gly lys glu phe lys cys arg val as~ ser ala ala phe pro ala pro 
UCA GUC AGU GAA CUU CCC AUC AUG CAC CAG GAC UGG CUC AAU GGC AAG GAG UUC AAA UGC AGG GUC AAC AGU GCA GCU UUC CCU GCC CCC 

340 350 360 
11e glu 1Ys thr 11e ser lys thr lys gly arg pro lys ala ·pro gln val tyr thr fle pro pro pro lys glu gln·met ala lys asp 
AUC GAG AAA ACC AUC ucc AAA ACC AAA GGC AGA CCG AAG GCU ·ccA CAG GUG UAC ACC AUU CCA CCU CCC AAG GAG CAG AUG GCC AAG GA~ 

370 > 380 390 
lys val ser leu thr cys met ile ·thr asp phe phe pro glu asp ile thr val glu trp gln trp asn gly gln pro ala glu asn tyr 
AAA GUC AGU CUG ACC UGC AUG AUA ACA GAC UUC UUC CCU GAA'GAC AUU ACU GUG GAG UGG CAG UGG AAq GGG CAG CCA GCG GAG AAC UAC 

400 41.0 420 
lys asn ~hr gln pro fle met .asn thr asn gly ser tyr phe ,val tyr ser lys leu asn val gln. lys ser asn trp glu ala gly asn 
AAG AAC ACU CAG CCC AUC AUG AAC ACG AAU GGC UCU UAC UUC )UC UAC AGC AAG CUC AAU GUG CAG AA~ AGC AAC UGG GAG GCA GGA AA~ 

430 ·, · 440 447 
thr phe thr cys ser val leu his glu gly leu his asn his ~fs thr glu lys ser leu ser his se~ pro gly lys OP 
ACU uuc ~cc UGC ucu GUG UUA CAU GAG GGC CUG CAC AAC CAC CAU ACU GAG AAG AGC cue ucc CAC ucu CCU GGU AAA UGA UCCCAGUGUCCU 

.:':_ . 

UGGAGCCCUCUGGUCCUACAGGACUCUGACACCUACCUCCACCCCUCCCUGUAUAAAUAAAGCACCCAGCACUGCCUUGGGAAAAA 

. '·:,:-

Fig.:.58. 
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Hpoll 

Sou3A 

Avon 

Pst I 

EcoFII 

Aval 

Psi I, Avoll 
Isolate 333bp fragment 
A111teol primer 
S' p ATGGAC AT TGTGATG 
Kienow Pol I + 4 dNTP's 
Sou3A 

• lsolota 180bp fragment 
5'ATG-----

TAC Sou!A 

lsolote kappa fragment 
Ava II portlol 
Kienow Pol I • 4 dNTP's 
Hpoll 
Isolate 490bp frc9m11nt 

Avo I, Xbo I 
Isolate 1240bp 
fragment 
Hpc.11 
Isolate 169bp Xbo I, 
Hpo II frovrnent 

Ava I . 
Kienow P9I I 
+4dNTPs 
P.stl 
Isolate .t'CEA 
fro9ment 

P.stl 

T4 ONA llgose 

Ava 1 

Kienow Pol I • 4dNTP's 
Xbal 
BAP 
1so1a,e 10,ge vector 
fragment 

T4 DNA llgose 

0125023 

EcoAI 

BomHI 
Soll 

EcoRI 
Kienow Poll+ 4dNTP'5 
BotnHI 
BAP 
l&olote large vector 
fragment -

Fig.6. 

EcoRI 
KlenowP9I I 
+4dNTP:s 
Patl 
Isolate lor9e vector 
fragment 
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EcoRI EcoRI 

Alul 
Hpoll 
Rial 

BomHI 
PIii 
Toqf 

Patl 

Toq I, BomHI 

BomHI 
PIii 
Toql 
Ava 11 

P1tl 

l1olote 500 bp fragmen1 

ApS 

Pltl 

Tc11 

P•tl 
Isolate "\..850bp fragment 
Avon 
Kienow Pol I + 4 dNTP'• 
Toql 
Isolate 375bp Ava II, 
Toq I fragment 

T4 DNA ligcse 

l1olate 62Bbp fragment 
Alu 1. Rsa I 

Xbol EcoRI 

Isolate 280bp fragment 
Anneal primer 
5'pATGGAAGTGATGCTG 
Kienow Pol I + 4dNTP's 
Hpall 
Isolate 125bp fragment 
5'ATG-----

TAC Hpa II 

Pst I 

Pstl 

l1olate 62Bbp fragment 
BomHI, Hpo II 
l1olote 380bp fragment 

Psll 

.. . .. 

T4 ONA ligos~ ' ·. · · 

BomHI 
Pstl 
Aval 
Aval 
Toq I 

·Psi I, BamHI 

EcoRI 

Tc5 

BomHI 
~Sf I 

Toql 

Kienow Pol I + 4 dNTP's 
BomHI 
l1olote large vector fragment 

Ava I partial 
Kienow Poll 
+4 dNTP

1
1 

BamHI Isolate 1543bp fragment 
Isolate 869 bp fragment 

c·· 7.' rig . . 

T4 ONA ligas 

0125023 

EcoRI 

EcoRI 

Ava I 

BomHI 

Soll 

Kienow Pol I 
+ 4 dNTP 1

1 
BcmHI 
Isolate large 
vector fragment 

EcoRI 
Kienow Poll 
+ 4dNTP's 
Pstl 
laolote large 
vector fragment 
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0.1Oug anti-CEA

 0.30ng anti-CEA
1.00ug anti-CEA

K cells (lO!)
7 cells (Op!)
Ky cells (Op!)
RW57-K3000
RW57-K3000

$3} eer
Kz cells (20!)
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Pstl 

Xbal 

* P}CEAtrp207-I 
(XAP) 

EcoRI 

Pvull 

Kienow Pol l+dNTP's 

Pvull 

Isolate vector fragment 

T4 DNA ligase 

* P}CEAtrp207-I 
human /mouse 
hybrid ( XAP) 

(pChim I) 

Avalll 

-....--\ 'BamHI 
Sall 

0125023 

Pstl· 

pBR322 
containing human 
72 heavy chain 

cONA insert EcoRI 

Pvull 

Avalll 

Isolate 
fragment 

Fig. 71. 

Ava Ill 

Any restriction enzyme 
which cuts in 
3

1
.untranslated region · 

Kienow Pol I+ dNTP's 

Isolate fragment 
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Pstl 

Psfl 

Pvull 

pBR322 
containing human 
72 heavy chain 

cONA Insert 

• Pvull· 

Pstl 
Pstl 

EcoRI 

.!}~- 18\ l"°1 25023 

Xbal 

P)CEA trp207-I* 
human/mouse 
hybrid (XAP) 

(pChlm I) 

•Ncol 

Ava Ill 

• Any restriction enzyme which 
cuts in variable region 

• Kienow Pol I+ dNTP's 

• Pvull 
• Kienow Pol I+ dNTP's • Isolate vector fragment 
• Isolate antibody fragment 

T4 ONA ligase 

Xbal 

DELETE AS FOLLOWS: 

plntermediote 
human /mouse 
hybrid ( XAP) 

Sall 

Fig. 72. 

. Pvull 

• Clone Xba I to Pvull fragment 
in Ml3 

· • In vitro site . .:directed . 

deletion mutogenesis 

Psll 

(see Adelman et al., DNA 2,183 (1983)) 

• Clone modified Xba I to Pvull 

fragment back In 
p-1 ntermedlate human/ mouse 
hybrid ( XAP) 

Xbal 

P1CEAfrp207-I* 
human/mouse 
hybrid (XAP) 

{pChimll) 

Sall 

Avalll 
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Pstl 

EcoRI HindllJ 

TcR 

HindJII · 
Klen.ow Pol I + 4dNTP's 
Pst I 
BAP• 
Isolate large vector 
fragment 

• 

Pstl 

Pst I, BomHI 
Isolate 1543 bp 
fragment 

T4 · DNA ligose 

Xbol 

Pstl 

ApR BomHI 

Ncol 

Aval 

Ncol,Ndel 

BomH. 
Ndel 

Isolate 260bp fragment 
Annffal primer 
5

1 
CAACCACAATCCC 

Kienow Pol I+ 4 dNTP's 
BomHI 
Isolate 179 bp fragment 
5 1CAA-----

GTT BamHI 

Fig.13. 
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€) The present invention relates to single domain 
ligands derived from molecules in the im· 
mur:1oglobulin (lg) superfamily. receptors comprising 
at least one such ligand. methods for cloning, am
plifying and expressing ONA sequences encoding 
such ligands, preferably using the polymerase chain 
reaction. methods for the use of said DNA se
quences in the production of lg-type molecules and :i said ligands or receptors. and the use of said ligands 
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Single Domain Ligands, Receptors comprising said Ligands, Methods for their Production, and Use of 
said Ligands and- Receptors 

The present invention relates to single domain 
ligands derived from molecules in the im· 
munog!obulin (lg) supe:iamily, receptors compris· 
ing at least one such ligand. methods for cloning. 
amplifying and expressing ONA sequences encod· 
ing such ligands. methods for the use of said ONA 
sequences in the production of lg-type molecules 
and said ligands or receptors. and the use of said 
ligands or receptors in therapy, diagnosis or cataly· 
sis. 

A list of references is appendec to the end of 
the description. The documents listed therein are 
referred to in the description by number, which is 
given in square brackets []. 

The lg supertamily includes not only the lgs 
themselves but also such molecules as receptors 
on lymphoid cells such as T lymphocytes. Im· 
munoglobulins comprise at - least one heavy and 
one light chain covalently bonded together. Each 
chain is divided into a number of domains. At the N 
terminal end of each chain is a variable domain. 
The variable domains on the heavy and light chains 
fit together to form a binding site designed to 
receive a particular target molecule. In the case of 
lgs. the target molecules are antigens. T-cell recep· 
tors have two _chains of equal size. the a and !3 
chains. each consisting of two domains. At the N
terminal end of each chain is a variable domain 
and the variable domains on the a and ~ chains 
are believed to fit together to form a binding site 
for ta,get molecules. in this case peptides pre· 
sented by a histocompatibility antigen. The variable 
domains are so called because their amino acid 
sequences vary particularly from one molecule to 
another. This variation in sequence enables the 
molecules to recognise an extremely wide variety 
of target molecules. 

Much research has been carried out on lg 
molecules to determine how the variable domains 
are produced. It has been shown that each variable 
domain comprises a number of areas of relatively 
conserved sequence and three areas of hyper
variable sequence. The three hypervariable areas 
are generally known as complementarity determin· 
ing regions (CDRs). 

Crystallographic studies have shown that in 
each variable domain of an lg molecule the CDRs 
are supported on framework areas formed by the 
areas of conservec sequences. The three CDRs 
are brought together by the framework areas and. 
together with the CDRs on the ot~er chain, form a 
pocket in which the target molecule is received. 

Since the advent of recombinant DNA technol
'"W fhor~ h?.c; bee!"! ITTUCh interest in the use Of 
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such technology to clone and express lg molecules 
and derivatives thereof. This interest is reflected in 
the numbers of patent applications and other pub· 
lications on the subject. 

The earliest work on the cloning and expres· 
sion O! full lgs in the patent literature is EP·A·O 120 
694 (Boss). The Boss application also relates to the 
cloning and expression of chimeric antibodies. 
Chimeric antibodies are lg-type molecules in which 
the variable domains from one lg are fused to 
constan: domains from another lg. Usually. the 
variable· domains are derived from an lg from one 
species (often a mouse lg) and the constant do
mains are derived from an lg from a different 
species (often a human lg). 

A later European patent application, EP-A-0 
125 023 (Genentech). relates to much the same 
subject as the Boss application, but also relates to 
the production by recombinant DNA technology of 
other variations of lg-type molecules. 

EP·A·O 194 276 (Neuberger) discloses not only 
chimeric antibodies or the type disclosed in the 
Boss application but also chimeric antibodies -in 
which some or all of the constant domains have 
been replaced by non-lg derived protein se, 
Quences. For instance, the heavy chain CH2 and 
CH3 domains may be replaced by protein se
quences derived from an enzyme or a protein 
toxin. 

EP·A·O 239 400 (Winter) discloses a different 
approach to the production of lg molecules. In this 
approach. only the CDRs from a first type of lg are 
grafted onto a second type of lg in place of its 
normal CDRs. The lg molecule thus produced is 
predominantly of the second type, since the CDRs 
form a relatively small part of the whole lg. How
ever, since the CORs are the parts which define 
the specificity of the lg. the lg molecule thus pro
duced has its specificity derived from the first lg. 

Hereinafter. chimeric antibodies, CDR-grafted 
lgs, the altered antibodies described by Genen
tech. and fragments, of such lgs such as F(ab'>z 
and Fv fragments are referred to herein as modi· 
fied antibodies. 

One of the main reasons for all the activity in 
the lg field using recombinant ONA technology is 
the desire to use lgs in therapy. It is well known 
that. using the hybridoma technique developed by 
Kohler and Milstein, it is possible to produce mon· 
oclonal antibodies (MAbs) of almost any specificity. 
Thus, MAbs directed against cancer antigens have 
been produced; It is envisaged that these MAbs 
could be covalently attached or fused to toxins to 
orovide "maaic bullets" for use in cancer therapy. 
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MAbs direc.ted,aga~..pormal tissue or cel!_s:..d.a:e .. 
antigens have also been produced. Labels· can be 
attached to these so tha: they can be used for in 
vivo imaging. 

The major obstacle to the use of such MAbs in 
therapy or in vivo diagnosis is tha! the vast major· 
ity of MAbs which are produced are of roden:. in 
particular mouse. origin. It is very ditticult to pro
duce human MAbs. Since most MAbs are derived 
from non-human species. they are antigenic in hu· 
mans. Thus. administration of these MAbs to hu
mans generally results in an anti-lg response being 
mounted by the human. Such a response can 

, interfere with therapy or diagnosis. for instance by 
destroying or clearing the antibody Quickly. or can 
cause allergic reactions or immune complex hyper· 
sensitivity which has adverse ettects on the patient. 

The production of modified lgs has been pro
posed to ensure that the lg administered to a 
patient is as "human" as possible, but still retains 
the appropriate specificity. It is therefore expected 
that modified tgs will be as efiective as the MAb 
from which the specificity is derived but at the 
same time not very antigenic. Thus. it should be 
possible to use the modified tg a reasonable num
ber of times in a treatment or diagnosis regime. 

At the level of the gene. it is known that heavy 
chain variable domains are encoded by a 
"rearranged" gene which is built from three gene 
segments: an "unrearranged" VH gene {encoding 
the N·terminal three framework regions. first two 
complete CDRs and the first pa:t of the third CDA). 
a diversity (DH)·segment (DH) (encoding the cen· 
tral portion of the third CDR) and a joining segment 
(JH), (encoding the last part of the third CDA and 
the fourth framework region). In the maturation of 
8-cells. the genes rearrange so that each unrear
ranged VH gene is linked to one DH gene and one 
JH gene. The rearranged gene corresponds to VH· 
DH-JH. This rearranged· gene is linked to a gene 
which encodes the constant_portion of the lg chain, 

For light chains. the situation is similar. except 
that for light chains there is no diversity region. 
Thus light chain variable domains are encoded by 
an "unrearranged" VL gene and a JL gene. There 
are two types of light chains. kappa (x) or lambda 
()..), which are built respectively from unrearranged 
VIC genes and JK segments. and from unrearranged 
V).. genes and J).. segments. 

Previous work has shown that it is necessary to 
have two variable domains in association together 
for efficient binding. For example. the associated 
heavy and light chain variable domains were shown 
to contain the antigen binding site [ t J. This as
sumption is borne out by X-ray crystallographic 
studies of crystallised antibody/antigen complexes 
(2-6] which show that both the heavy and light 
chains of the antibody's variable domains contact 

. . .!lle anti9en. The expectation that as~ocia:ion of 
heavy and li~h: chain vanable domains is neces
sary for efficient antigen binding underlies work to 
co-secrete these domair.s from bacteria [1), and to 

s link the dorr:ains together by a short section of 
polypeptide as in the sin;;le chain antibodies [B. 9]. 

Binding o! isolated heavy and light chai:is had 
also been de:ected. However the evidence sug
gested strong:y that this was a property of heavy or 

ro light chain dimers. Early work. mainly with poly· 
clonal antibocies. ·in which antibody heavy and light 
chains had been separated under denaturing con· 
ditions [ 10] s:;ggested tha: isolated antibody heavy 
chains could bind to pro:ein antigens [11 J or hapten 

1 s [12). The bi:icing of protein antigen was not 
characterised. but the hapten-binding attinity of the 
heavy chain fragments was reduced by two orders, 
of magnitude { 121 and the number of hapten mol· 
ecules binding were variously estimated as 0.14 or 

20 0.37 [13] or 0.26 [14] per isolated heavy chain. 
Fu,rth,!9rmore binding of haptens was shown to be a 
property of d:meric heavy or dimeric light chains 
(14 J. Indeed light chain dimers have be,en crystal· 
lised. ·11 has teen shown that in light chair. dimers 

2s, the two chains form a cavity which is able to bir.d 
to a single moiecule of hapten [15]. 

This confirms the assumption that. in order to 
obtain efficient binding. i: is necessary to have a 
dimer. and preferably a heavy chain/light chain 

:io dimer. containing the respective variable domains. 
This assumption also underlies the teaching of the 
patent references cited above. wherein the inten
tion is always to produce dimeric, and preferably 
heavy/light chain dimeric. molecules. 

35 It has now been discovered. contrary to ex· 
pectations. that isolated lg heavy chain variable 
domains can bind to antigen in a 1 :1 ratio and with 
binding cons:ants of equivalent magnitude to those 
of complete antibody molecules. In view of what 

40 was known up until now and in view of the assump· 
tions made by those skilled in the art. this is highly 
surprising. 

Therefore. according to a first aspect of the 
present invention. there is provided a single do· 

45 main ligand consisting at least part of the variable 
domain of one chain of a molecule from the lg 
superlamily. 

Preferably. the ligand consists of the variable 
domain of an lg light. or. most preferably. heavy 

so chain. 
The 'ligand may be produced by any known 

technique, for instance by controlled cleavage of lg 
superfamily molecules or by peptide synthesis. 
However, preferably the ligand is produced by re• 

ss combinant DNA technology. For instance. the gene 
encoding the rearranged gene for a heavy chain 
variable domain may be produced. for instance by 
cloning or gene synthesis, and placed into a suit· 
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able expression vector. The expression vector is 
then used to transform a compatible host cell 
which is then cultured tc allow the ligand to be 
expressed and. preferably, secreted. 

II desired, the gene for the ligand can be s 
mutated to improve the pro;:,erties of the expressed 
domain. for example to increase. the yields of ex
pression or the solubility of the ligand, to enable 
the ligand to bind better. or to introduce a second 
site tor covalent attachment (by introducing chemi· 10 

cally reactive residues such as cysteine arid his
tidine) or non-covalent binding of other molecules. 
In p2:ticular it would be desirable to introduce a 
second site· for binding to serum components. to 
prolong the residence time of the domains in the rs 
serum: or for binding to molecules with effector 
functions. such as components of complement. or 
receptors on the surfaces of cells. 

Thus. hydrophobic residues which v1ould nor-
mally be at the interlace of the heavy chain vari· 20 

able domain with the light chain variable domain 
could be mutated to more hydrophilic residues to 
improve solubility: residues in the COR loops could 
be mutated to improve antigen binding: residues on 
the other loops or parts of the ,B·sheet could be 2s 
mutated to introduce new binding activities. Mula· 
lions could include single point mutations. multiple 
point mutations or more extensive changes and 
could be introduced by any oi a variety of recom-
binant DNA methods. for example gene synthesis, 30 

site directed mutagenesis or the polymerase chain 
reaction. 

Since the ligancs of the present invention have 
equivalent binding affinity to that of complete lg 
molecules. the ligands cari be used in many of the :is 
ways as are lg molecules or fragments. For exam· · 
pie. lg molecules have been used in therapy (such 
as in treating cancer. bacterial and viral diseases), 
in diagnosis (such as pregnancy testing), in vac• 
cination (such as in producing anti·idiotypic anti· 40 

bodies which mimic antigens). in modulation of 
activities of hormones or growth factors, in detec· 
tion, in biosensors and in catalysis. 

It is envisaged that the small size of the ligands 
of the present invention may confer some advan- 45 

tages over complete antibodies, for example, in 
neutralising the activity of low molecular weight 
drugs (such as digoxin) and allowing their filtration 
from the kidneys with drug attached; in penetrating 
tissues and tumours: in neutralising viruses by 50 

binding to small conserved regions on the surfaces 
o! viruses such as the "canyon" sites of viruses 
(16]; in high resolution epito;:ie mapping of proteins; 
and in vaccination by ligands which mimic anti· 
gens. 55 

The present invention also provides receptors 
comprising a ligand according to the first aspect of · 
the invention linked to one or more of an effector 

molecule. a label. a s:irface. or one or more other 
ligands having the same or different specificity. 

A receptor com;xising a li;and linked to an 
effector molecule may be of use in therapy. The 
effector molecule may be a toxin. such as ricin or 
pseudomonas exctoxin. an en:zyr:-,e which is able to 
activate a prodrug. a binding ~artner or a radio· 
isotope. The radio-isotope may be directly linked to 
the ligand or may be attached tnereto by a chelat· 
ing structure which is directly linked to the ligand. 
Such ligands with attached isotopes are much 
smaller than those based on Fv fragments, and 
could penetrate tissues and a:cess tumours more 
readily. 

A receptor comprising a ligand linked to a label 
may be of use in diagnosis. The label may be a 
heavy metal atom or a radio-isotope. in which case 
the receptor can be used for in vivo imaging using 
X-ray or other scanning apparatus. The metal atom 
or radio-isotope may be anac:ied to the ligand 
either directly or via a chelati:ig structure directly 
linked to the _ligand. For in vitro diagnostic testing. 
the label may be a heavy me:al atom, a radio· 
isotope. an enzyme. a fluorescent or coloured mol· 
ecule or a protein or peptide tag which can be 
detected by an antibody. an antibody fragment or 
another P.rotein. Such receptors would be used in 
any of the known diagnostic tests, such as ELISA 
or fluorescence-linked assays. 

A receptor comprising a ligand linked to a 
surface. such as a chromatography medium. could 
be used for purification of other molecules by affin.· 
ity chromatography. Linking of ligands to cells, for 
example to the outer membrane proteins of E. coli 
or to hydrophobic tails which localise the ligands in 
the cell membranes. could allow a simple diagnos
tic test in which the bacteria or cells would agglu· 
tinate in the presence of molecules bearing mul· 
tiple sites for binding the ligand(s). 

Receptors comprising at least two ligands can · 
be used, for instance. in diagnostic tests. :Y-he first 
ligand will bind to a test antigen and the second 
ligand will bind to a reporter molecule, such as an 
enzyme. a fluorescent dye. a coloured dye, a 
radio-isotope or a coloured·. fluorescently· • or 
radio-labelled protein. 

Alternatively, such receptors may be useful in 
increasing the binding to an antigen. The first 
ligand will bind to a first epitope of the antigen and 
the second ligand will bind to a second epitope. 
Such receptors may also be used for increasing 
the affinity and specificity of binding to different 
antigens in close proximity on the surface of cells. 
The first ligand will bind to the first antigen and the 
second epitope to the second antigen: strong bind· 
ing will depend on the co-express.ion of the epi· 
topes on the surface of the cell. This may be useful 
in therapy of tumours. which can have elevated 
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expression __ of s.s :_a! .. sur.ace .. markers.:.. ..f.l.l.abe: . 
ligands could be added to further improve· binding 
or specificity. Moreover. the use of strings of 
ligands. with the sar:ie or multiple specificities. 
creates a larger molecule which is less readily 
filtered from the circulation by the kidney. 

For vaccination with ligands which mimic· anti· 
gens. the use of strings of ligands may prove more 
effective than single ligands. due to repetition of 
the immunising epitopes. 

If desired. such receptors with multiple ligands 
could include effector molecules or labels so that 
they can be used in therapy or diagnosis as de· 
scribed above. 

The ligand may be linked to the o:her part of 
the receptor by any suitable means. for ins:ance by 
covalent or non-covalent chemical linkages. How
ever. where the receptor comprises a ligand and 
another protein molecule. it is preferred that they 
are produced by recombinant DNA technology as a 
fusion product. If necessary. a linker peptide se· 
quence can be placed between the ligand and the 
other protein molecule to provide flexibility. 

The basic techniques for manipulating lg mol· 
ecules by recombinarit ONA technology are de· 
scribed in the patent references cited above. These 
may be adapted in order to allow for the production 
of ligands and re·ceptors according to the invention 
by means of recombinant DNA technology. 

Preferably, where the ligand is to be used for 
in vivo diagnosis or therapy in humans. it is 
humanised. for instance by CDR replacement as 
described in EP-A·O 239 400. 

In order to obtain a DNA sequence encoding a 
ligand. it is generally necessary. firstly to produce a 
hybridoma which secretes an appropriate MAb. 
This can be a very time consuming method. Once 
an immunised animal has been produced. it is 
necessary to fuse separated spleen cells. with a 
suitable myeloma cell line. grow up the cell lines 
thus produced. select appropriate lines. reclone the 
selected lines and reselect. This can take some 
long time. This problem also applies to the produc· 
tion of modified lgs. 

A further problem with the production of 
ligands. and also receptors according to the inven· 
lion and modified lgs. by recombinant DNA tech· 
nology is the cloning of the variable domain encod· 
ing sequences from the hybridoma which produces 
the MAb from which the specificity is to be derived. 
This can be a relatively long method involving the 
production of a suitable probe. construction of a 
clone library from cDNA or genomic DNA. exten· 
sive probing of the clone library. and manipulation 
of any isolated clones to enable the cloning into a 
suitable expression vector. Due .to the inherent 
variability of the DNA sequences encoding lg vari· 
able domains. it has not previously been possible 

. . _l.Q._avoid such time consu:Tling work. 1: is therefore 
· a further aim of the preser,t invention to provide a 

method which enables s1:bstantially any sequence 
encoding an lg super.amily molecule va:iable do· 

s main (ligand) to be clone: in a reasonable period 
of time. 

According to anothe~ aspect of the present 
invention therelore. there is provided a method of 
cloning a sequence {the target sequence) which 

10 encodes at least part of the variable domain of an 
lg superfamily molecule. which method comprises: 

(a) providing a sample of double stranded 
(ds) nucleic acid whicr. contains the target se
quence: 

15 (bl denaturing the sample so as to separate 
the two strands; 

(c) annealing to the sample a forward and a 
back oligonucleotide primer. the forward primer be· 
ing specific for a sequence at or adjacent the 3' 

20 end of the sense strand of the target sequence. the 
back primer being specific for a sequence at or 
a::ljacent the 3' end of the antisense strand of the 
target sequence. under conditions which allow the 
primers to hybridise to the nucleic acid at or adja· 

2s cent the target sequence: 
(d) treating the annealed sample with a DNA 

polymerase enzyme in the presence of deox· 
ynucleoside triphosphates under conditions which 
cause primer extension to take place; and 

30 (e) denaturing the sample under conditions 
such that the extended primers become separated 
from the target sequence. 

Preferably. the ·method of the present invention· 
further includes the step (f) of repeating steps (c} to 

35 (e) on the denatured mixture a plurality of times. 
Preferably. tt:ie method of the present invention 

is used to clone complete variable domains.from lg 
molecules, most preferably from lg heavy chains. 
In the most preferred instance. the method will 

40 · produce a DNA sequence encoding a ligand ac
cording to the present invention. 

In step (c) recited above. the. forward primer 
becomes annealed to the sense strand of the target 
sequence at or adjacent the 3' end of the strand. In 

45 a similar manner, the back primer becomes an· 
nealed to the antisense strand of the target se· 
quence at or adjacent the 3' end of the strand. 
Thus. the forward primer anneals at or adjacent the 
region of the ds nucleic acid which encodes the C 

so terminal end of the variable region or domain. 
Similarly. the back primer anneals at or adjacent 
the region of the ds nucleic acid which encodes the 
N·terminal end of the variab.le domain. 

In step (d}. nucleotides are added onto the 3' 
ss end of the forward and back primers in accordance 

with the sequence of the strand to which they are 
annealed. Primer extension will continue in this 
manner until stopped by the beginning of the de· 

' \· 
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naturing step (e). It must therefore be ensured that 
step (d) is ca~ried out for a long enough time to 
ensure that the primers are extended so that the 
extended strands totally overlap one another. 

In step (e). the extended primers are separated 
from the ds nucleic acid. The ds nucleic acid can 
then serve again as a substrate to which further 
primers can anneal. Moreover, the extended prim· 
ers themselves have the necessary complementary 
sequences to enable the primers to anneal thereto. 

During further cycles. if step (f) is used. the 
amount of extended primers will increase exponen· 
tially so that at the end of the cycles there will be a 
large quantity of cDNA having sequences com· 
plementary to the sense and antisense strands of 
the· target sequence. Thus. the method of the 
present invention will result in the accumulation of 
a large quantity of cDNA which can form ds cDNA 
encoding at least part of the variable domain. 

As will be apparent to the skilled person. some 
of the steps in the method may be carried out 
simultaneously or sequentially as desired. 

The forward and back primers may be pro· 
vided as isolated oligonucleotides. in which case 
only two oligonucleotides will be used. However. 
alternatively the forward and back primers may 
each be supplied as a mixture of closely related 
oligonucleotides. For instance, it may be foun·d that 
at a particular point in the sequence to which the 
primer is to anneal, there is the possibility of 
nucleotide variation. In this case a primer may be 
used for each possible nucleotide variation. Fur· 
thermore it may be possible to use two or more 
sets of "nested" primers in the method to enhance 
the specific cloning of variable region genes. 

The method described above is similar to the 
method described by Saiki et al. [17]. A similar 
method is also used in the methods described in 
EP·A·O 200 362. In both cases the method de· 
scribed is carried out using· primers which are 
known to anneal efficiently to the specified 
nucleotide sequence. ln neither of these disclo· 
sures was it suggested that the method could be 
used to clone lg parts of variable domain encoding 
sequences. where the target sequence contains 
inherently highly variable areas. 

The ds nucleic acid sequence used in the 
method of the present invention may be derived 
from mRNA. For instance. ANA may be isolated in 
known manner from a cell or cell line which is 
known to produce lgs. mRNA may be separated 
from other RNA by oligo-dT chromatography. A 
complementary strand of cDNA may then be syn· 
thesised on the mRNA template, using reverse 
transcriptase and a suitable primer, to yield an 
RNA/DNA heteroduplex. A second strand of DNA 
can be made in one of several ways, for example. 
by priming with RNA fragments of the mRNA 
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strand (made by incubating RNA/ONA heteroduplex 
with RNase H) and !.)Sing DNA polymerase. or by 
priming with a synthetic oli~odeoxynucleoti::Je prim· · 
er which anneals to the 3 enc ol the first strand 
and using DNA polymerase. It has been found tnat 
the method of the present invention can be carried 
out using ds cDNA prepared in this way. 

When making such ds cDNA. it is possible to 
use a forward primer which anneals to a sequence 
in the CH1 domain (for a heavy chain variable 
domain) or the C>,. or· Cx domain (for a light chain 
variable domain). These will be located in close 
enough proximity to the target sequence to allow 
the sequence to be cloned. 

'The back primer may be one which anneals to 
a sequence at the N·terminal end of the VH 1 . V x or 
V>,. · domain. The back primer may consist of a 
plurality of primers having a variety of sequences 
designed to be complementary to the .various lam· 
ilies of VH1 ~ V x or V>,. sequences known. Alter· 
natively the back primer may be a single primer 
having a con~ensus sequence derived from all the 
families of variable region genes. 

Surprisingly, it has been found that the method 
of the present invention can be carried out using 
genomic DNA. If genomic DNA is used, there is a 
very large amount of DNA present. including actual 
coding sequences. intrans and untranslated se· 
quences between 9'ines. Thus. there is consider· 
able scope for non-specific annealing under the 
conditions used. However, it has surprisingly been 
found that there is very little non-specific annealing. 
It is therefore unexpected that it has proved possi· 
ble to clone the genes of lg-variable domains from 
genomic DNA. 

Under some circumstances the use cf genomic 
DNA may prove advantageous compared with use 
of mRNA. as the mRNA is readily degraded, and 
especially difficult to prepare from clinical samples 
of human tissue. 

Thus. in accordance with an aspect ·of the 
present invention. the ds nucleic acid used in step 
(a) is genomic ONA. 

When using genomic DNA as the ds nucleic 
acid source. it will not be possible to use as the 
forward primer an oligonucleotide having a se· 
quence complementary to a sequence in a con· 
stant domain. This is because. in genomic DNA, 
the constant domain genes are generally separated 
from the variable domain genes by a considerable 
number of base pairs. Thus. the site of annealing 
would be too remote from the sequence to be· 
cloned. 

It should be noted that the method of the 
present invention can be used lo clone both rear· 
ranged. and unrearranged variable domain se· 
quences from genomic ONA. It is known that in 
germ line genomic DNA the three genes. encoding 
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the VH. D.~ and -~..res;iectively. a:e s~p~d .. 
from one another by considerable m.:r:ibers ·01 base 
pairs. On maturation of the imrnu:.e response. 
these genes are rearranged so that the VH. DH and 
JH genes are fused together to provide the gene 
encoding the whole variable domain (see Figure 1 ). 
By using a forward primer specific icr a sequence 
at or adjacent the 3' end of the sense strand of the 
genomic "unrearranged" VH gene. it is possible to 
clone the "unrearranged" VH gene alone. without 
also cloning the DH and JH genes. This can be of 
use in that it will then be possible to fuse the VH 
gene onto pre-cloned or synthetic DH and DH 
genes. In this way. rearrangement cf the variable 
domain genes can be carried out in vitro. 

The oligonucleotide primers used in step (c) 
may be specifically designed for use wilh a particu· 
lar target sequence. In this case. it will be neces· 
sary to sequence at least the s' and 3' ends of the 
target sequence so that the appropriate 
oligonucleotides can be synthesised. HJwever, the 
present inventors have discovered that it is not 
necessary to use such specifically cesigned prim· 
ers. Instead. it is possible to use a species specific 
general primer or a. mixture of su:h primers for 
annealing to each end of t:ie target seouence. This 
is not particularly surprising as regards the 3' end 
of the target sequence. It is known that this end of 
the variable domain encoding sequence leads into 
a segment encoding JH which is known to be 
relatively conserved. However. it was surprisingly 
discovered that. within a single species. the se· 
quence at the s' end of the target sequence is 
sufficiently well conserved to enable a species spe
cific general primer or a mixture t!iereof to be 
designed for the s' end of the target sequence. 

Therefore according to a preferred aspect of 
the present invention. in step (c) the two primers 
which are used are species specific general prim
ers. whether used as single primers or as mixtures 
of primers. This greatly facilitates the cloning of 
any undetermined target sequence since it will 
avoid the need to carry out any sequencing on the 
target sequence in order to produce target 
sequence-specific primers. Thus the method of this 
aspect of the invention provides a general method 

· for cloning variable region or domain encoding 
sequences of a particular species. 

Once the variable domain gene has been clon
ed using the method described above, it may be 
directly insened into an expression vector, for in
stance using the PCR reaction. to paste the gene 
into a vector. 

Advantageously, however, ea::h primer · in· 
eludes a sequence including a restriction enzyme 
recognition site. The sequence recognised by the 
restriction enzyme need not be in the part of the 
primer which anneals to the ds nucleic acid. but 

... ..m.ey be. provi::ed as an extension which does no, 
armeat. The use of primers with restriction sites has 
the advantage that the ONA can be cut with at least 
one restrictior. enzyme which leaves 3' o~ s' over· 

s hanging nucleotides. Such DNA is more readily 
cloned into the corresponding sites on the vectors 
than blunt end fragments taken directly from the 
method. The ds cDNA produced at the end of the 
cycles will th:.;s· be readily insertable into a cloning 

10 vector by use of the appropriate restriction en
zymes. Preferably the choice of restriction sites is 
such that the ds cDNA is cloned directly into an 
expression vector. such that the ligand encoded by 
the gene is expressed. In this case the restriction 

is site is preferably located in the sequence which is 
annealf?d to the ds nucleic acid. 

Since the primers may not have a sequence 
exactly complementary to the target sequence to 
which it is to be annealed. for instance because of 

20 nucleotide variations or because of the introduction 
of a restriction enzyme recognition site. it may be 
necessary to adjust the conditions in the annealing 
mixture to enable the primers to anneal to the ds 
nucleic acid. This is well within the competence of 

zs the person skilled in the art and needs no further 
explanation. 

In step (d). any DNA polymerase may be used. 
Such polymerases are known in the art and are 
available commercially. The conditions to be used 

JO with each polymerase are well known and require 
no further explanation here. The polymerase reac· 
tion wilt need to be carried out in the presence of 
the four nucleoside triphosphates. These and the 
polymerase enzyme may already be present in the 

JS sample or may be provioed afresh for each cycle. 
The denaturing step (e) may be carried out. for 

instance. by. heating the sample. by use of 
chaotropic agents. such as urea or guanidine. or by 
the use of changes in ionic strength or pH. Prefer-

40 ably. denaturing is carried out by heating since this 
is readily reversible. Where heating is used to 
carry out the denaturing. it will be. usual to use a 
thermostable ONA polymerase. such as Taq poly· 
merase. since this will not need replenishing at 

45 each cycle. 
If heating is used to control the method. a 

suitable cycle of heating comprises denaturation at 
about 95 • C for about 1 minute. annealing at from 
30 • C to 65 • C for about 1 minute and primer 

so extension at about 75 • C for about 2 minutes. To 
· ensure that elongation and renaturation is com· 
plete. the mixture after the final cycle is preferably 
held at about 60 • C for about 5 minutes. 

The product ds cONA may be separated from 
ss the mixture for instance by gel electrophoresis us· 

ing agarose gels. However. if desired. the ds cDNA 
may be used in unpurified form and inserted di· 
rectly into a suitable cloning or expression vector 
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by conventio:ial methods. This will be particularly 
easy to accomplish ii the primers include restric· 
tion enzyme recognition sequences. 

The method of the present invention may be 
used to make variations in the sequences encoding 
the variable domains. For example ihis may be 
acheived by using a mixture of related 
oligonucleotide primers as at least one of the prim· 
ers. Preferably the primers are particularly variable 
in the middle of the primer and relatively con
served at the s' and 3' ends. Preferably the ends 
of the primers are complementary to the framework 
regions of the variable domain, and the variable 
region in the middle of the primer covers all or part 
of a CDR. Preferably a forward primer is used in 
the area which forms the third CDR. If the method 
is carried out using such a mixture of 
oligonucleotides, the product will be a mixture of 
variable domain encoding sequences. Moreover. 
variations in the sequence may be introduced by 
incorporating some mutagenic nucleotide 
triphosphates in step {d). such that point mutations 
are scattered throughout the target region. Alter
natively such point mutations are introduced by 
performing a large number of cycles of amplifica
tion, as errors due to the natural error rate of the 
DNA polymerase are amplified. particularly when 
using high concentrations of nucleoside 
triphosphates. 

The method of this aspect of the present inven
tion has the advantage that it greatly facilitates the 
cloning of variable domain encoding sequences 
directly from mRNA or genomic DNA. This in turn 
will facilitate the production of modified lg-type 
molecules by any of the prior art methodes re· 
ferred to above. Further. target genes can be clon
ed from tissue samples containing antibody pro· 
ducing cells. and the genes can be sequenced. By 
doing this. it will be possible to look directly at the 
immune repertoire of a patient. This 
"fingerprinting" of a patient's immune repertoire 
could be of use in diagnosis, for instance of auto· 
immune diseases. 

In the method for amplifying the amount of a 
gene encoding a variable domain, a single set of 
primers is used in several cycles of copying via the 
polymerase chain reaction. As a less preferred 
alternative, there is provided a second method 
which comprises steps {a) to {d) as above, which 
further includes the steps of: 

(g) treating the sample of ds cDNA with 
traces of DNAse in the presence of DNA poly· 
merase I to allow nick translation of the ONA; and 

{h) cloning the ds cDNA into a vector. 
If desired. the second method may further in-

clude the steps of: · 
(i) digesting the ONA of recombinant plas

mids to release DNA fragments containing genes 

encoding variable domains; ana 
(j) treating the fragmer.ts in a further set of 

steps (c) to (h). 
Preferably the fragments are separated from 

s the vector and from other fragments of the in
correct size by gel etectrophores,s. 

The steps (a) to (d) then (g) to (h) can be 
followed once. but preferably the entire cycle (c) to 
(d) and (g) to (j) is repeated at least once. In this 

10 way a priming step . in which the genes are spe· 
cifically copied, is followed by a cloning step, in 
which the amount of genes is increased. 

In step {a) the ds cDNA is derived from mRNA. 
For lg derived variable domains. the mRNA is 

1s preferably be isolated from lymphocytes which 
have been stimulated to enhance production of 
mRNA. 

In each step (Cl the set of primers are prefer· 
ably different from the previous step (c). so as to 

20 enhance the specificity of copying. Thus the sets 
of primers form a nested set. For example. for 
cloning of lg. heavy chain variat:le domains, the first 
set of primers may be located within the signal 
sequence and constant region. as described by 

2s Larrick et al.. [ 18], and the second se) of primers 
entirely within the variable region. as described by 
Orlandi et al., [19]. Preferably the primers of step 
(c) include restriction sites to facilitate subsequent 
cloning. In the last cycle the set of primers used in 

:io step (c) should preferably include restriction sites 
for introduction into expression vectors. In step (g) 
possible mismatches between the primers and the 
template strands are corrected by "nick transla· 
tionfl. In step (h), the ds cDNA is preferably cleav-

:is ed with restriction enzymes at sites introduced into 
the primers to facilitate the cloning. 

According to another aspect of the present 
invention the product ds cDNA is clon_ed directly 
into an expression vector. The host may be pro· 

40 karyotic or eukaryotic, but is preferably bacterial. 
Preferably the choice of restriction sites in the 
primers and in the vector. and other features of the 
vector will allow the expression of complete 
ligands. while preserving all those features of the 

45 amino acid sequence which are typical of the 
(methoded) ligands. For example, for expression of 
the rearranged variable genes. the primers would 
be chosen to allow the cloning of target sequences 
including at least all the three CDR sequences. The 

so cloning vector would then encode a signal se· 
quence (for _secretion of the ligand), and sequences 
encoding the N-terminal end of the first framework 
region, restriction sites for cloning and then the C· 
terminal end of the last (fourth) framework region. 

ss For expression of unrearranged VH genes as 
part of complete ligands'. the primers would be 
chosen to allow the cloning of target sequences 
including at least the first two CDRs. The cloning 
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ve:to: coul¢ then· ~e signal sequenc~ .:r.eJ,J-.. 
terminal end ol the first framework region. ·restric
tion sites for cloning and then the C-terminal end of 
the third framework region. the third CDR a:.d 
fourtr, framework region. 

Primers and cloning vectors may likewise be 
devised for expression of single CDRs. particularly 
the third CDR. as parts of complete ligands. The 
advantage ol cloning repertoires of single CDRs 
would permit the design of a "universal" set of 
framework regions. incorporating desirable prop
erties such as solubility. 

Single ligands could be expressed alone or in 
combination with a complementary variable oo
main. For example. a heavy chain variable domain 
can be expressed either as an individual domain 
or. if it is expressed with a complementary light 
chain variable domain. as an antigen binding site. 
Preferably the two partners would be expressed in 
the same cell. or secreted from the same cell. and 
the proteins allowed to associate non-covalently to 
form an Fv fragment. Thus the two genes encoding 
the complementary partners can be placed in tan
dem and expressed from a single vector, the vec
tor ir,cluding two sets of restriction sites. 

Preferably the genes are introduced sequen
tially: for example the heavy chain variable domain 
can be cloned first and then the light chain variable 
domain. Alternatively the two genes are introduced 
into the vector in a single step. for example by 
using the polymerase chain reaction to paste to
gether each gene with any necessary intervening 
sequence. as essentially described by Yon and 
Friec: [29]. The two partners could be also ex· 
pressed as a linked protein to produce a single 
chain Fv fragment. using similar vectors to those 
described above. As a further alternative the two 
genes may be placed in two different vectors. for 
example in which one vector is a phage vector and 
the other is a plasmid vector. 

Moreover. the cloned_ ds cDNA may be in
serted into an expression vector already containing 
sequences encoding one or more constant do· 
mains to allow the vector to express lg-type chains. 
The expression of Fab fragments, for example, 
would have the advantage over Fv fragments that 
the heavy and light chains would tend to associate 
through the constant domains in addition to the 
va:riable domains. The final expression product may 
be any of the modified lg-type molecules referred 
to above. 

The cloned sequence may also be inserted 
into an expression vector so that it can be ex· 
pressed as a fusion protein. The variable domain 
enco::iing sequence may be linked directly or via a 
linker sequence to a DNA sequence encoding any 
protein effector molecule, such as a toxin, enzyme. 
label or another ligand. The variable domain se· 

... ~nces may also be linked to proteins on the 
outer siae of bacteria or phage. Thus. the method 
of this aspect of the invention may be used to 
produce receptors, according to the invention. 

s According to another aspect of the invention. 
the cloning of ds cDNA directly for expression 
permits the rapid construction of expression librar• 
ies which can be screened for ·binding activities. 
For lg heavy and light chain variable genes. the ds 

10 cDNA may comprise variable genes isolated as 
complete rearranged genes from the animal. or 
variable genes built from several different sources. 
for example a repertoire of unrearranged VH genes 
combined with a synthetic repertoire of DH and JH 

is genes. Preferably repertoires of genes encoding lg 
heavy chai:. variable domains are prepared from 
lymphocytes of animals immunised with an anti·. 
gen. 

The screening method may take a range of 
zo formats well known in the art. For example lg 

heav)'. cha.in variable domains secreted from bac· 
teria may be screened by binding to antigen on a 
solid phase. and detecting the captured domains 
by antibodies. Thus the dom~ins may be screened 

zs by growing the bacteria in liquid culture and bind· 
ing to antigen coated on the surface of ELISA 
plates. However, preferably bacterial colonies (or 
phage plaques) which secrete ligands (or modified 
ligands. or ligand f_usions with proteins) are 

:io screened for antigen binding on membranes. Ei'ther 
the ligands are bound directly to the membranes 
(and for example detected with labelled antigen), or 
captured on antigen coated membranes (and de· 
tected with reagents specific for ligands). The use 

:1s of membranes offers great convenience in screen· 
ing many clones. and such techniques are well 
known in the art. 

The screening method may also be greatly 
facilitated by making protein fusions with the 

40 ligands. for example by introducing a peptide tag 
which is recognised by an antibody at the N· 
terminal or C·terminal end of the ligand. or joining 
the ligand to an enzyme which catalyses the con
version of a colourless substrate to a coloured 

45 product. In the latter case.· the binding of antigen 
may be detected simply by adding substrate. Alter· 
natively. for ligands expressed and folded correctly 
inside eukaryotic cells. joining of the ligand and a 
domain of a transcriptional activator such as the 

so GAL4 protein of yeast. and joining of antigen to the 
other domain of the GAL4 protein, could form the 
basis for screening binding activities. as· described 
by Fields and Song [21]. 

The preparation of proteins, or even cells with 
55 multiple copies of the ligands. may improve the 

avidity of the ligand for immobilised antigen. and 
hence the sensitivity of the scree11ing method. For 
example, the ligand may be joined to a protein 
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subunit of a multimeric protein, to a phage coat 
protein or to an outer membrane protein of E. coli 
such as ompA or lama. Such fusions to phage or 
bacteria! proteins also otters possibilities of select
ing bacteria displaying ligands with antigen binding 
activities. For example su~h bacteria may be 
precipitated with antigen bound to a solid support. 
or may be subjected to affinity chromatography, or 
may be bound to larger cells or particles which 
have been coated with antigen and sorted using a 
fluorescence activated cell sorter (FACS). The pro· 
teins or peptides fused to the ligands are prefer· 
ably encoded by the vector. such that cloning of 
the ds cDNA repertoire creates the fusion product. 

In addition to screening for binding activities of 
single ligands. it may be necessary to screen for 
binding or catalytic activities of associated ligands. 
for example: the associated lg heavy and light 
chain variable domains. For example. repertoires of 
heavy and light chain variable genes may be clan· 
ed such that two domains are expressed together. 
Only some of the pairs of domains may associate. 
and only some of these associated pairs may bind 
to antigen. The repertoires of heavy and light chain 
variable domains could be cloned such that each 
domain is paired at random. This approach may .be 
most suitable for isolation of associated c:!omains in 
which the presence of both partners is required to 
form a cleft. Alternatively. to allow the binding of 
hapten. Alternatively. since the repertoires of light 
chain sequences are less diverse than those of 
heavy chains. a small repertoire of. light chain vari· 
able domains. for example including representative 
members of each family of domains, may be com
bined with a large repertoire of heavy chain vari· 
able domains. 

Preferably however, a repertoire of heavy chain 
variable domains is screened first for antigen bind· 
ing in the absence of the. light chain partner. and 
then only those heavy chain variable domains bind· 
irig to antigen are combined with the repertoire of 
light chain variable domains. Binding of associated 
heavy and light chain variable domains may be 
distinguished readily lrom binding ·of single do· 
mains. for example by fusing each domain to a 
different C·terminal peptide tag which are specifi
cally recognised by different monoclonal anti· 
bodies. 

The hierarchical approach of first cloning heavy 
chain variable domains with binding activities. then 
cloning matching light chain variable domains may 
be particularly appropriate for the construction o! 
catalytic antibodies. as the heavy chain may be 
screened first for substrate binding. A light chain 
variable domain would then be identified which is 
capable of association with the heavy chain. and 
"catalytic" residues such as cysteine or histidine 
(or prosthetic groups) would be introduced into the 

CDRs to stabilise the transiticr. state or attack the 
substrate. as described by Baldwin and Schultz 
(22}. 

Although the binding activities of non-covalen-
s tly associated heavy and light chain variable do· 

mains (Fv fragments) may be screened. suitable 
fusion proteins may drive the association of the 
variable domain partners. Thus Fab fragments are 
more likely to be associated than the Fv fragments. 

10 as the heavy chain variable domain is attached to a 
single heavy chain constant domain. and the light 
chain variable domain is attached to a single light 
chain ·variable domain. and the twp constant do· 
mains associate together. 

is Alternatively the heavy and light chain variable 
domains are covalently linked together with a pep· 
tide. as in the single chain antibodies. or peptide 
sequences attached. preferably at the C·terminal 
end which will associate through forming cysteine 

20 bonds or through non-covalent interactions. such as 
the introduction of ··1eucine zipper" motifs. How· 
ever. in orde.r to isolate pairs of tightly associated 
variable domains. the Fv fragments are preferably 
used. 

25 The construction of Fv f:agments isolated from 
a repertoire of variable region genes otters a way 
of building complete antibodies. and an alternative 
to hybridoma technology. For example by attaching 
the variable domains to light or suitable heavy 

30 chain constant domains. as appropriate. and ex· 
pressing the assembled genes in mammalian cells. 
ccmplete antibodies may be made and should pos
sess natural effector functions. such as comple·· 
ment lysis. This route is particularly attractive for 

35 the construction of human monoclonal antibodies. 
as hybridoma technology has proved difficult. and 
for example. although human peripheral blood lym
phocytes can be immortalised with Epstein Barr 
virus. such hybridomas tend to secrete low affinity 

40 lgM antibodies. 
Moreover. it is known that immmur1ological 

mechanisms ensure that lymphocytes do not gen· 
erally secrete antibodies directed against host pro
teins. However it is desirable to make human anti-

45 bodies directed against human proteins. for· exam· 
ple to human cell surface markers to treat cancers. 
or to histocompatibility antigens to treat auto-im· 
mune diseases. The construction of human anti· 
bodies built from the combinatorial repertoire of 

so heavy and light chain variable domains may over· 
come this problem. as it will allow human anti· 
bodies to be built with specificities which would 
normally have been eliminated. 

The method also offers a new way of making 
ss bispecific antibodies. Antibodies with dual specific· 

ity can be made by fusing two hybridomas of 
different specificities. so as to make a hybrid anti· 
body with an Fab arm of one specificity. and the 
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other Fab arm of a--c"rond ~pecifi_city. Howeyune 
yields of the bispeciiic. antibody are low. "as heavy 
and light chains also find the wrong partners. The 
construction of Fv fragments which are tightly as· 
socia!ed should preferentially drive the association s 
of the correct pai'.S of heavy with light chains. (It 
would not assist in the correct pairing of the two 
heavy chains with each other.) The improved pro· 
duction of bispecific antibodies would have a vari· 
ety of applications in diagnosis and therapy. ·as is 10 

well known. 
.Thus the invention provides a ·species specific 

general oligonucleotide primer or a. mixture of such 
primers useful for cloning variable domain encod· 
ing sequences from animals of that species. Tr,e is 
method allows a single pair or pair of mixtures of 
species specific general primers to be used to 
clone any desired antibody specificity from that 
species. This eliminates the need to carry out any 
sequencing of the target sequence to be cloned 20 

and the need to design specific primers for each 
. specificity to be recovered. 

Furthermore ii provides for the construction of 
repenoires of variable genes. for the expression of 
the variable genes directly on cloning, lor the 25 

screening of the encoded domains for binding ac· 
tivities and for the assembly of the domains with 
other variable domains derived from the repertoire. 

Thus the use of the method. of the present 
invention will allow for the production of heavy 3:, 

chain variable domains with binding activities anc 
variants. of these domains. It allows for the produc· 
tion of monoclonal antibodies and bispecific anti· 
bodies. and will provide an alternative to hybridoma · 
technology. For instance. rr.ouse. s;:ilenic ds mRNA 35 

or genomic DNA may be c:::tained from a hyperim· 
munised mouse. This could be cloned using the 
method of the present invention and then the clon· 
ed ds DNA inserted into a suitable expression 
vector. The expression vector would be used to .:o 
transform a host cell. for instance a bacterial cell. 
to enable it to produce an Fv fragment or a Fab 
fragment. The Fv or Fab fragment would then be 
built into a monoclonal antibody by attaching con· 
stant domains and expressing it in mammalian ,5 

cells. 
The present invention is now described. by 

way of example only, with reference to the accom· 
panying drawings in which: 

Figure 1 shows a schematic representation so 
of the unrearranged and rearranged heavy and light 
chain variable genes and the location of the prim· 
ers; 

Figure 2 shows a schematic representation 
of the Ml 3.YHPCM1 vector and a cloning schem.e ss 
for amplified heavy chain variable domains; 

Figure 3 shows the sequence of the lg vari· . 
able region derived sequences in M13·VHPCR1; 

Fi_gure 4 shows a s:hematic representation 
of the M13·VKPCR1 vect:)r and a cloning scneme 
for light chain variable domains; 

Figure 5 shows the sequence of the lg vari· 
ab!e region derived secl!ences in M13-VKPCR1; 

Figure 6 shows the nuclP.Otide sequences of 
the heavy and light cnain variable- domain encoding 
sequences of MAb MBrl: 

Figure 7 shows a schematic representation 
of the pSV-gpt vector (also known as a·Lys 30) 
which contain·s a variable region cloned as a 
Hindlll-BamHI fragment. which is excised on in· 
traducing the new variable region. The gene for 
human lgG1 has also been engineered to remove a 
BamHI site. such that the BamHI site in the vector 
is unique; 

Figure B shows a schematic representation. 
of the pSV·hy_gro vector (also known as a·Lys 17). 
It is derived from pSV gpt vector with the gene 
encoding mycophenolic acid replaced by a gene 
coding for hygromycin resistance. The construct 
contains a variable gene cloned as a Hindtll·BamHI 
fragment which is excised on introducing the new 
variable region. The gene for human Cx has also 
been engineered to remove a BamHI site, such that 
the BamHI site in the vector is unique; 

Figure 9 shows the assembly of the mouse: 
human M8r1 chimaeric antibody; 

Figure 10 shows encoded amino acid se· 
quences of 48 mouse rea:ranged VH genes: 

1 

Figure 1 1 shows encoded amino acid se· 
quences of human rearranged VH genes: 

Figure 12 shows encoded amino acid se· 
quences of unrearranged human VH genes; 

Figure 1 3 shows the sequence of part of the 
plasmid pSWl: essentially the sequence of a pee· 
tate lyase leader linked to VHL YS in pSW1 and 
cloned as an Sphl·EcoRI tra;iment into pUC19 and 
the translation of the open reading frame encoding 
the pectate lyase leader·VHL VS polypeptide being 
shown: 

Figure 14 shows the sequenc~ of part of the 
plasmid pSW2: essentially the sequence of a pee· 
tale lyase leader linked to VHL VS and to VKL VS. 
and cloned as an Sphl·EcoRI-EcoRl fragment into 
pUC19 and the translation of open reading frames 
encoding the pectate lyase teader-VHL YS and pec
tate tyase leader·VKL YS polypeptides being shown: 

Figure 15 shows the sequence of part of the 
plasmid pSW1 HPOL YMYC which is based on 
pSWl and in which a polylinker sequence has 
replaced the variable domain of VHLYS. and acts 
as a cloning site for amplified VH genes. and a 
peptide tag is introduced at the C·terminal end; 

Figure 16 shows the encoded amino acid 
sequences of two VH domains derived from mouse 
spleen and having lysozyme binding activity, and 
compared with the VH domain of the 01 .3 anti· 
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body. The arrows mark the poi11ts of difference 
between the two VH domains; 

Figure 17 shows the encoded amino acid 
sequence of a VH domain derived from human 
peripheral blood lymphocytes and having lysozyme 
bindins activity: 

Figure 18 shows a scheme for generating 
and cloning mutants of the VHL YS gene, which is 
compared with the scheme for cloning natural rep· . 
ertoires of VH genes: 

Figure 19 shows the sequence of part of the 
vector pSW2HPOL Y: 

Figure 20 shows the sequence of part of the 
vector pSW3 which encodes the two linked VHL YS 
domains: 

Figure 21 shows the sequence of the VHL YS 
domain and pelB leader sequence fused to the 
alkaline phosphatase gene; 

Figure 22 shows the sequence of the vector 
pSW1 VHL YSVKPOL YMYC for expression of a rep· 
ertoire of V x light chain variable domains in associ· 
ation ~ith the VHL YS domain: and 

Figure 23 shows the sequence of VH domain 
which is secreted at high levels from E. coli. The 
differences with VHL YS domain are marked. 

PRIMERS 

In the Examples described below, the following 
oligonucleotide· primers, or mixed primers were 
used. Their locations are marked on Figure 1 and 
sequences are as follows: 
VH1FOR 5' TGAGGAGACGGTGACCGTGGTCCC· 
TTGGCCCCAG 3': 
VH1FOA·2 5 TGAGGAGACGGT· 
GACCGTGGTCCCTTGGCCCC 3': 
Hu1VHFOR 5 CTTGGTGGAGGCTGAGGAGACG· 
GTGACC 3'; 
Hu2VHFOR 5 CTTGGTGGAGGCTGAGGAGACG· 
GTGACC 3'; 
Hu3VHFOR 5 CTTGGTGGATGCTGAGGAGACG· 
GTGACC 3'; 
Hu4VHFOR 5' CTTGGTGGATGCTGATGAGACGG· 
TGACC 3'; 

MOJH1 FOR 5' TGAGGAGACGGTGACCGTGGTC· 
CCTGCGCCCCAG 3': 
MOJH2FOR 5' TGAGGAGACGGTGACCGTGGTG· 
CCTTGGCCCCAG 3': 
MOJH3FOR 5' TGCAGAGACGGTGACCAGAGTC· 
CCTTGGCCCCAG 3·: 
MOJH4FOR 5' TGAGGAGACGGTGACCGAGGT· 
TCCTTGACCCCAG 3': 
HUJH1 FOR 5 TGAGGAGACGGTGACCAGGGTG· 
CCCTGGCCCCAG 3': 
HUJH2FOR 5' · TGAGGAGACGGTGACCAGGGTG· 
CCACGGCCCCAG 3': 
HUJH4FOR 5 TGAGGAGACGGTGACCAGGGT· 
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TCCTTGGCCCCAG 3': 
VK1FOR 5' GTTAGATCTCCAGCTTGGTCCC 3'; 
VK2FOR 5' CGTTAGATCTCCAGCTTGGTCCC 3': 
VK3FOR s' CCGTTTCAGCTCGAGCTTGGTCCC 
3'; 
MOJK1 FOR 5' CGTIAGATCTCCAGCTTGGTGCC 
3': 
MOJK3FOR 5' GGTTAGATCTCCAGTCTGGTCCC 
3'; 

MOJK4FOR 5' CGTTAGATCTCCAACTTTGTCCC 
3': 
HUJK1FOR 5' CGTTAGATCTCCACCTTGGTCCC 
3'; 

HUJK3FOR 5' CGTTAGATCTCCACTTTGGTCCC 
3': 
HUJK4FOR 5 CGTTAGATCTCCACCTTGGTCCC 
3'; 

HUJK5FOR 5' CGTT AGATCTCCAGTCGTGTCCC 
3': 
VH1 BACK .5' AGGT(C:G)(CiA)A(G/A)CTGCAG· 
(G 1C)AGTC{T/A)GG 3': 
H:i2VHIBACK: 5' CAGGTGCAGCTGCAG· 
CAGTCTGG 3': 
HuVHIIBACK: 5' CAGGTGCAGCTGCAG· 

GAGGTGCAGCTGCAG· 
GAGTCGGG 3': 
Hu2VHIIIBACK: 5' 
GAGTCTGG 3': 
HuVHIVBACK: 5' CAGGTGCAGCTGCAG· 
CAGTCTGG 3': 
MOVHIBACK 5' AGGTGCAGCTGCAGGAGTCAG 
3': 
MOVHIIABACK 5' 
TCTGG 3': 
MOVHIIBBACK. 
CAGCCTGG 3' 

AGGTCCAGCTGCAGCA(GIA)· 

5' AGGTCCAACTGCAG· 

MOVHIIBACK 5' AGGTGAAGCTGCAG· 
GAGTCTGG 3.: 
VK1 BACK 5' GAGA TTCAGCTGACCCAGTCTCCA 
3': 
VK2BACK 5' GACATTGAGCTCACCCAGTCTCCA 
3'; . 

MOVKIIABACK s' GATGTTCAGCTGACCCAAAC· 
TCCA 3' 
MOVKIIBBACK 5' GATATTCAGCTGACCCAGGAT
GAA 30; 

HuHeptFOR 5' C(A.iG)(CtG)· 
TGAGCTCACTGTGTCTCTCGCACA 3'; 
HuOctatBACK 5' CGTGAATATGCAAATAA 3'; 
Hu0cta2BACK 5' AGTAGGAGACATGCAAAT 3°: 
and 
Hu0cta3BACK 5' CACCACCCACATGCAAAT 3': 
VHMUT1 5' GGAGACGGTGACCGTGGTCCCTTG· 
GCCCCAGTAGTCAAG 
NNNNNNNNNNNNCTCTCTGGC 3' (where N is an 
equimolar mixture of T. C, G and A) 
Mt3 pRIMER 5' AACAGCTATGACCATG J' (New 
England Biol abs ·, 201) 
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EXAMPLE .l .. -!Ui..mer was used in place ol the VH 1 FOR primer. 

Cloning of Mouse· Rearrange::: Variable reg:on Amplification from RNA'DNA hybrid 
genes from hybriao.-nas, assembly of genes encod· s 
ing chimaenc antibodies and tne-e~s~ 
antibodies irom myeloma ceiis 

VH1 FOR is designed to anneal with the 3' end 
of the sense strand of any mouse heavy chain 10 

One~ the ds RNA/ONA hybrids had been pro· 
duced. the variable domain encoding sequences 
were amplified as follows. For heavy chain variable 
domain encoding sequence amplification, a 50 ul 
reaction solution containing 5 ul of the ds 
RNA/ONA hybrid-containing solution, 25 pmole variable domain encoding sequence. It contains a 

BstEII recognition site. VK1 FOR is designed to 
anneal with the 3' end of the sense strand of any 
mouse kappa-type light chain variable domain en· 
coding sequence and contains a Bglll recognition 15 

each of VH1FOR and VH18ACK primers. 250 uM 
of dATP, dTTP, dCTP and dGTP. 67 mM Tris.HCI. 
17 mM ammonium sulphate. 10 mM MgCl2 • 200 
ug1m1 gelatine and 2 units Taq polymerase (Cetus) 
was prepared. The reaction solution was overlaid site. VH1BACK is designed to anneal with the 3' 

end of the antisense strand of any mouse heavy 
chain variable domain and contains a Pstl recogni-
tion site. VK1 • BACK is designed to anneal wi:h the 
3' end of the antisen5e strand of any mouse 20 

with paraffin oil and subjected to 25 rounds of 
temperature cycling using a Techne PHC-1 prog
rammable heating block. Each cycle consisted of 1 
minute and 95' C (to denature the nucleic acids). 1 
minute at 30' C (to anneal the primers to the nu· kappa-type light chain variable domain encoding 

sequence and contains a Pvull recognition site. 
In this Example live mouse hybridomas were 

cleic. acids) and 2 minutes at 72' C (to cause 
elongation from the primers). After the 25 cycles . 

used as a source of ds nucleic acid. The 
hybridomas produce monoclonal antibodies (MAbs) . 25 

designated MBrl (23). BW431/26 [24). BW494:32 

. the reaction solution and the oil were extracted 
twice with ether. once with phenol and once with 
phenol/CHCl3. Thereafter d.s cDNA was precipitat· 
ed with ethanol. The precipitated ds cDNA was [25], BW250!183 [24.26) and BW704/152 [27]. MAb 

MBr1 is particularly interesting in that it is known to then taken up in 50 ul of water and frozen. 
be specific for a saccharide epitope on a human 
mammary carcinoma line MCF-7 [28]. 30 

The procedure for light chain amplification was 
exactly as described above, except that· the 
VK1FOR and VK1BACK primers were used in 
place of the VH1 FOR and VH1 BACK primers re
spectively. 

Each of the five hybridomas referred to above 
was grown up in roller bottles and about 5 x 1 o• 
cells of each hybridoma were used to isolate RNA. 
mANA was separated from the isolated RNA using 
oligodT cellulose [29]. First strand cDNA was syn
thesised according to the procedure described by 
Maniatis et al. (30} as set out below. 

In order to clone the heavy chain variable do· 
main encoding sequence. a 50 ul reaction solution 
which contains 10 ug mRNA. 20 pmole VH1FOR 
primer. 250 uM each of dATP, dTIP, dCTP and 
dGTP·. 10 mM dithiothreitol (DTI). 100 mM 
Tris.HCI. 10 mM MgCl2 and 140 mM KCI. adjusted 
to pH 8.3 was prepared. The reaction solution was 
heated at 70' C for ten minutes and allowed to cool 
to anneal the primer to the 3' end. of the variable 
domain encoding sequence in the mRNA. To the 
reaction solution was then added 46 units of re
verse transcriptase (Ang!ian Biotec) and the solu
tion was then incubated at 42 • C fer 1 hour to 
cause first strand cDNA synthesis. 

In order to clone the light chain variable do· 
main encoding sequence. the same procedure as 
set out above was used except that the VK1 FOR 

5 ul of each sample of amplified cDNA was 
35 fractionated on 2% agarose gels by electrophoresis 

and stained with ethidium bromide. This showed 
that the amplified ds cDNA gave a major band of 
the expected size (about 330 bp). (However the 
band for VK ONA of MBr1 was very weak. It was 

40 therefore excised from the gel and reamplified in a 
second round.) Thus by this simple procedure, 
reasonable quantities ot ds DNA en~oding the light 
and heavy chain variable domains of the live MAbs 
were produced. 

Heavy ~~Construction 

A BstEII recognition site was introduced into 
50 the vector M13-HuVHNP (31] by site directed 

mutagenesis [32.331 to produce the vector M 13· 
VHPCR1 (Figures 2 and 3). 

Each amplified heavy chain variable domain 
encoding sequence was digested with .the restric· 

55 tion enzymes Pstl and BstEll. The fragments were 
phenol extracted. purified on 2% low melting point 
agarose gels and force cloned into vector M 13· 
VHPCR1 which had been 'digested with Pstl and 

• 

BIOEPIS EX. 1002 
Page 4044



25 EP O 368 684 A1 26 

BstEII and purified on an 0.8% agarose gel. Clcnes 
containing the variable domah inserts were ider.· 
tified directly by sequencing [34] using primers 
based in the 3' non-coding variable gene in tne 

M13·VHPCR1 vector. s 

Pvul (in the case of ::ie pSV-hygro vectors the Pvul 
diges: is only partial) and cotransfected into the 
non·secreting mouse myeloma line NSO [38] by 
ele:trcporation [39]. One day alter cotransfection, 
cells were selected i:i 0.3 ug1m1 mycophenolic acid 
(MPA) and atter seven days in iug1ml MPA. Atter 
14 days. lour wells. each containing one or two 
major colonies. were screened by incorporation of 
"C·lysine (40] and the secreted antibody detected 
alter precipitation with protein-A SepharoseTM • 
(Pharmacia) on SOS-PAGE [41). The gels were 
stained. fixed, soaked in a fluorographic reagent. 
Ampl:!yTM (Amersham). dried and autoradiograph· 
ed on preflashed film at • 70 • C for 2 days. 

There is an internal Pstl site in the heavy c;;air, 
variable domain encoding sequences of BW431.'25. 
This variable domain encoding sequence v,as 
therefore assembled in two steps. The 3' Pstl· 
BstEII fragment was first cloned into M13-VHPCR1. ,o 
followed in a se:ond step by the s· Pstl fragment. 

Light Chain ~ Constructior, 

Vector M13mp18 {35] was cut with Pvull ar,c · 
the vector backbone was blunt ligated to a syn
thetic Hind Ill-Sam HI polylinker. Vector Ml 3·HuV· 
KL YS [36) was digested with Hind Ill and BamHI to 

TS 

isolate the HuVKL YS gene. This Hindtll·BamHi 20 

Supernatant was also tested for binding to the 
mammary carcinorr.a line MCF-7 and the colon 
carcinoma line HT-29. essentially as describ~d by 
Menard et al. [23]. either by an indirect im
muno!lorescence assay on cell suspensions (using 
a fiuorescein-labe!led goat anti-human lgG 
(Amersham)) or by a solid phase RIA on mon
olayers of . fixed cel!s (using ,2s I-protein A 
(Amershaml). 

fragment was then inserted into the Hindlll·BamHI 
polylinker site to form a vector M13-VKPCR1 whi:h 
lacks . any Pvull sites in the vector backbone 
(Figures 4 and 5). This vector was p~epared in E 
Coli JMl 10 [22] to avoid dam methylation at the 2s 

_ I: was found that one of the· supernatants from 
the !cur wells con:aine::I secreted antibody. The 
chimeric antibody ir: the supernatant, like the par~ 
ent mouse MBr1 ar.tibody. was found to bind to 
MCF-7 cells but not the HT-29 cells. thus showing 
that the specificity r.ad been properly cloned and 
expressed. 

Sell site. 
Each amplified light chain variable domain en· 

coding sequence was digested with Pvull and Bglll. 
The fragments were phenol extracted. purified er. 
2% low melting point agarose gels and force clon· JO 

ed into vec:or- M13·VKPCR1 which had been di· 
gested with Pvull and Bell. purified on an 0.8% 
agarose gel and treated with calf intest1:ia1 
phosphatase. Clones containing the light chain vari· 

Exam:)le 2 

able region inserts were identified directly by 35 

sequencing [34) using primers based in the 3' r.cn
coding region of the variable domain ir. the M 13· 
VKPCR1 vector. 

The nucleotide sequences ·of the MBr1 heavy 

Cloning of rearrange::! variable genes from·genomic 
ONA 9_! mouse~ --- -----

and light chain variaole domains are shown in ,o Preparation of DNA from spleen. 
Figure 6 with part of the flanking regions of" the 
Ml 3·VHPCR1 and Ml 3·VKPCR1 vectors. 

Antibody Expression 

The Hindlll·BamHI fragment carrying the M8r1 
heavy chain variable domain encoding sequence in 
M13-VHPCRl was recloned into a pSV-gpt vector 
with human ..,., constant regions [371 (Figure 7). 
The MBr1 light chain variable domain encocir,g 
sequence in M13·VKPCR1 was recloned as a 
Hindlll·BamHI fragment into a pSV vector, PSV· 
hyg·HuCK with a hygromycin resis:ance ma:ker 
and a human kappa constant domain (Figure BJ. 
The assembly of the genes is summarised in Fig
ure 9. 

The vectors thus produced were linearised with 

45 

The DNA from the mouse spleen was prepared 
in one of two ways (although other ways can be 

used). 

Method 1. 

A mouse spleen was cut into two pieces and 
so each piece was put into a standard Eppendorf tube 

with 200 ul of PBS. The tip of a 1 ml glass pipette 
was closed and rounded in the blue flame of a 
Bunsen burner. The pipette was used to squash 
the spleen piece in each tube. The cells thus 

55 produced were transferred to a fresh Eppendorf 
tube and the method was repeated three times· 
until the connective tissue of the spleen appeared 
white. Any connective tissue which has been trans· 
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!erred wit!'1-the ce11s_·:·as removed using~- c:.a:.vn: _ 
out Pasteur pipette. The ce!ls were then washe:J in 
PBS and distributed into four :ubes. 

The mouse spleen cel!s were then se::k:-.ented 
by a 2 minute spin in a M:crocentaur centri:uge at 
low speed setting. All the supernatant was as
pirated with a drawn out Pasteur pipette. I! cesired. 
at this point the cell sample can be frc.:en and 
stored at -20 • C 

To the cell sample (once thawed if it hac be~n 
frozen) was added 500 u.l of water and 5 ul of a 
10% solution of NP-40, a non-ionic detergent. The 
tube was closed and a hole was punched ir. the lid. 
The tube was placed on a boiling water bath for 5 
minutes to disrupt the cells and was then cooled on 
ice for 5 minutes. The tu:::,e was then spun for 2 
minutes at high speed to remove cell debris. 

The suoematant was transferred to a new tube 
and to this was added 125 ul SM NaCl and 30 ul 
1 M MOPS adjusted to pH 7.0. The DNA in the 
supernatant was absorbec on a Ouiagen 5 tip and 
purifiEzd following the manuiacturer's instructions for 
lambda DNA. After isoprocanol precipitation, the 
DNA was rescspended in 500 ul water. 

Method 2. 

This method is based on the technicue de· 
scribed in Maniatis et al. [30). A mouse s;,ieen was 
cut into ve~y line pieces an:i put into a 2 rn: gtass 
homogeniser. The cells we,e then freed from the 
tissue by several slow u;: and down strokes with 
the piston. The cell susper.sion was made in 500 ul 
phosphate buttered saline (PBS) and transferred to 
an Eppenoori lube. The cells were then spun for 2 
min at low speed in a Micrccentaur centrifuge. This 
results in a visible separation of white .and red 
cells. The white cells, sedimenting slower, form a 
layer on top of the red cells. The supernatant was 
carefully removed and spun to ensure that all the 
white cells had sedimented. The layer of white 
cells was resuspended in two portions of 500 ul 
PBS and transferred to another tube. 

The white cells were precipitated by spinning 
in the Microcentaur centrifuge at low speed for one 
minute. The cells were washed a further two times 
with 500 ul PBS, and were finally resuspended in 
200 ul PBS. The white cells were added to 2.5 ml 
25 mM EDTA and 10 mM Tris.Cl. pH 7.4, and 
vortexed slowly. While vortexing 25 ul 20% SOS 
was added. The cells lysed immediately and the 
solution became viscous and clear. 100 ul of 20 
mgtml proteinase K was acded and incubated one 
to three hours at 50 • C. 

The sample was extracted with an equal vol· 
ume of phenol and the same volume of chloroform, 
and vortexed. After centrifuging. the aqueous phase 

__ -ti.?.S removed and 1110 volume 3M ammoniur.. ace-

5 

10 

. tale was added. This was overlaid with three vol· 
umes of cold ethanol. and the tube rocked carefully 
until the DNA strands became-visible. The DNA 
was spooled out with a Pasteur pipette. the ethanol 
allowed to drip off. and the ONA transferred to l ml 
of 10 mM Tris.Cl pH 7.4, 0.1 mM EDTA in an 
Eppendorl tube. The DNA was allowed to dissolve 
in the cold overnight on a roller. 

Amplification-from genomic DNA. 

The DNA solution was diluted 1110 in water and 
is boiled for 5 min prior to using the polymerase 

chain reaction (PCR). For each PCR reaction. typi· 
cally 50-200 ng of DNA were used. 

The heavy and light chain variable domain· en
coding sequences in the genomic DNA isolated 

20 from the human PBL or the mouse spleen cells 
was then amplified and cloned using the general 
protocol described in the first two paragraphs of 
the section headed "Amplification from RNA'DNA 
Hybrfd" in Example ,. except that during the an-

2s nealing part of each cycle. the temperature was 
held a: 65 • C and that 30 cycles were used. Fur
thermore. to minimise the annealing between the 3' 
ends of the two primers, the sample was first 
heated to 95 • C, then anne~led at 65 • C. and only 

30 then was the Taq polymerase added. At.the end of 
the 30 cycles. the reaction mixture was held at 
60 • C for five minutes to ensure that complete 
elongation and renaturation of the amplified frag
ments had taken place. 

35 The primers used to amplify the mouse spleen 
genomic DNA were VHl FOR and VH1 BACK, for 
the heavy chain variable domain and VK2FOR and 
VKtBACK, for the light chain variable domain. 
(VK2FOR only differs from VK1 FOR in that it has 

40 an extra C residue on the s' end.) 
Other sets of primers. designed to optimise 

annealing with different families of .mouse VH and 
Vx genes were devised and used in mixtures with 
the primers above. For example. mixtures of 

45 VK1FOR. MOJK1FOR. MOJK3FOR and 
MOJK4FOR were used as forward primers and 
mixtures of VK1 BACK, MOVKl!ABACK and MOV
KIIBBACK as back primers for amplification of V" 
genes. Likewise mixtures of VHtFOR, MOJH1FOR. 

so MOJH2FOR. ·MOJH3FOR and MOJH4FOR were 
used as forward primers and mixtures of 
VH1BACK. MOVHIBACK, MOVHIIABACK, 
MOVHIIBBACK, MOVHlllBACK were used as back· 
ward primers for amplification of VH genes. 

55 All these heavy chain FOR primers re:erred to 
above contain a BstEll site and all the BACK prim· 
ers referred to above contain a Pstl site. These 
light chain FOR and BACK primers referred to 

• 

BIOEPIS EX. 1002 
Page 4046



-~) 

L I . 
• • 

. . 
I 

. . . 
I• I\ { 4 

& • " f 

• 
• • ' ' .. 0 

• 
29 EP O 368 684 A1 30 

above all contain Bglll and Pvull sites respectively. 
Light chain primers (VK3FOA and VK2BACK) were 
also devised wh:ch utilised different restriction 
sites. Sacl and Xhol. 

Typically all these primers yielded amplified 
DNA of the correct size on gel electrophoresis. 
although other bands were also present. However. 
a problem was identified in which the 5' and 3' 
ends of the forward and backward primers for the 
VH genes were partially complementary. and this 
could yield a major band of "primer-dimer" in 
which the two oligonucleotides prime on each oth· 
er. For this reason an improve¢ forward primer. 
VH1 FOR-2. was devised in which the two 3' 
nucleotides were removed from VHlFOA. 

Thus. the preferred amplification conditions for 
mouse VH genes are as follows: ·the sample was 
made iri a volume of 50-100 ul. 50-100 ng of ONA. 
VHlFOR-2 and VH1BACK primers (25 pmole of 
each). 250 uM of each deoxynucleotide 
triphosphate. 10 mM Tris.HCI. pH S.S. 50 mM KCI. 
1.5 mM MgCl2. a:1d 100 ugtml gelatine. The sam
ple was overlaid with paraffin oil. heated to 95 • C 
for 2 min, 65 • C for 2 min. and then to 72 • C: taq 
polymerase was added after the sample had 
reached the elongation temperature and the reac· 
tion continued for 2 min at 72' C. The sample was 
subjected to a further 29 rounds of temperature 
crcling using the Techne PHC·1 programmable 
heating block. 

The preferred amplification conditions for 
mouse Vk genes from genomic DNA are as fol-· 
lows: the sample treated as above except with V. 
primers. lo: example VK3FOA and VK28ACK. and 
using a cycle of 94 • C for one minute. 60' C for 
one minute and 72 • C for one minute. 

The conditions which were devised for 
genomic DNA are also suitable for amplification 
from the cDNA derived from mANA from mouse 
spleen or mouse hybridoma. 

The reaction mixture was then extracted twice 
with 40 ul of water-saturated diethyl ether. This 
was followed by a standard phenol extraction and 
ethanol precipitation as described in Example 1. 
The DNA pellet was then dissolved in 100 ul 10 
mM Tris.Cl. 0.1 mM EDTA. 

Each reaction mixture containing a light chain 
variable domai_n encoding sequence was digested 
with Sacl and Xhol (or with Pvutl and Bglll) to 
enable it to be ligated into a suitable expression 
vector. Each reaction mixture containing a heavy 
chain variable domain encoding sequence was di· 
gested with Pstl and BstEII for the same purpose. 

The heavy chain variable genes isolated as 

5 

IS 

25 

30 

35 

40 

45 

so 

55 

above from a mouse hyperimmunised with 
lysozyme were cloned into M13VHPCR1 vector 
and sequenced. The complete sequences of 48 VH 
gene .clones were determined (Figure 10). All but 
two of the mouse VH g~ne families were repre
sented. with frequencies of: VA (1 ). IIIC (1 l. lli°B (8). 
IIIA {3). 116 (17). IIA (2). 18 (12). IA (4). tn 30 clones. 
the O segments could be assigned to families SP2 
(14). FL16 (11) and 052 (5). and in 38 clones the 
JH minigenes to families JH1 .(3). JH2 (7). JH3 (14) 
and JH4 (14). The different sequences of COR3 
marked out each of the 48 clones as unique. Nine 
pseudogenes and 16 unproductive rearrangements 
were identified. Of the clones sequenced. 27 have 
open reading frames. 

Thus the method is capable of generating a 
diverse repertoire of heavy chain variable genes 
from mouse spleen ONA. 

Example~ 

Cloning of rearranged variable genes from mRNA 
from human perioheral blood lymphocyies° --

Preparation of mRNA. ---· 
Human peripheral t;>lood lymphocytes were pu: 

rified and mANA prepared directly (Method 1 ). or 
mANA was prepared after addition of Epstein Barr 
virus (Method 2). 

Method 1. 

20 ml of heparinised human blood from a 
healthy volunteer was diluted with an equal volume 
of phosphate buffered saline (PBS) and distributed 
equally into 50 ml Falcon tubes. The blood was 
then underlayed with 15ml Ficoll Hypaque 
(Pharmacia 1 O-A-001-07). To separate the lym· 
phocytes from the red blood cells. the tubes were 
spun for 10 minutes at 1800 rpm at room tempera· 
ture in an IEC Centra 3E table centrifuge. The 
peripheral blood lymphocytes (PBL) were then col· 
lected from the interphase by aspiration with a 
Pasteur pipette. The cells were diluted with an 
equal volume of PBS and_ spun again at 1500 rpm 
for 15 minutes. The supernatant was aspirated. the 
cell pellet was resuspended in 1 ml PBS and the 
cells were distributed into two Eppendorl tubes. 

Method 2. 

40 ml human blood from a patient with HIV in 
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tr1e pre-AIDS co~ W<!S :ay~red on f:i~ to . 
separate the white cells (See Metnod 1 atidve). The 
white cells were then incubated in tissue culture 
medium for 4.5 days. On day 3. they were infected 
with Epstein Sarr virus. The cells were pelleted 
(approx 2 x 107 cells) and washed in PBS. 

The cells were pelleted again and lysed with 7 
ml SM guanidine isothiocyanate. 50 mM Tris. 10 
mM EDTA, 0.1 mM dithio.threitol. The cells wer.e 
vortexed vigorously and 7 volumes of 4M LiCl 
added. The mixture was incubated at 4 • C tor , 5-
20 hrs. The suspension was spun and the super· 
natant resuspended in 3M LiCI and centrifuged 
again. The pellet was dissolved in 2ml 0.1 % SOS. 
10 mM Tris HCI and 1 mM EDTA. The suspension 
was frozen at· ·20 • C. and thawed by vortexing tor 
20 s every 10 min for 45 min. A large white pellet 
was left behind and the clear supernatant was 
extracted with phenol chloroform. then with chlo· 
reform. The RNA was precipitated by adding 1/10 
volume 3M sodium acetate and 2 vol ethanol and 
leaving overnight at ·20 • C. The pellet was sus
pended in 0.2 ml water and reprecipitated with 
ethanol. Aliquots for cDNA synthesis were taken 
from the ethanol precipitate which had been vor· 
texed to create a fine suspension. 

100 ul of the suspension was precipitated and 
dissolved in 20 ul water for cONA synthesis [30) 
using 10 pmole of a HUFOR primer (see below) in 
final volume of 50 ul. A sample ot 5 ul of the cDNA 
was amplified as in Example 2 except using the 
primers for the human VH gene families (see be· 
low) using a cycle of 95 • C. 60 • C and 72 • C. 

The back primers for the amplification of hu· 
man DNA were designed to match the available 
human heavy and light chain sequences. in which 
the different families have slightly different 
nucleotide sequences at the 5' end. Thus for the 
human VH genes. the primers Hu2VHIBACK. 
HuVHIIBACK. Hu2VHll1BACK and HuVH1VBACK 
were designed as back primers. and HUJH 1 FOR. 
HUJH2FOR and HUJH4FOR as forward primers 
based entirely in the variable gene. Another set of 
forward primers Hu1VHFOR, Hu2VHFOR. 
Hu3VHFOR. and Hu4VHFOR was also used. which 
were designed to match the human J·regions and 
the 5' end of the constant regions of different 
human isotopes. 

Using sets of these primers it was possible- to 
demonstrate a band ol amplified ds cDNA by gel 
electrophoresis. 

One such experiment was analysed in detail to 
esta~lish whether there was a diverse repertoire in 
a patient with HIV infection. It is known that during 
the course of AIDS. that T-cells and also antibodies 
are greatly diminished in the blood. Presumably 
the repertoire of lymphocytes is also diminished. In 
this experiment. for the forward priming. an 

. . 
. _fill_;.iimolar mixture of primers Hu1VHFOR. 

Hu2VHFOR. Hu3VHFOR. and Hu4VHFOR (in PCR 
25 pmole of primer s· ends) was used. For the 
back pnm,ng. the primers Hu2VH1SACK. 

s HuVHIISACK. Hu2VHll1BACK and HuVH1VBACK 
were used separately in lour separate primings. 
The amplified DNA from the separa:e primings was 
then pooled. digested with restriction enzymes Ps'.I 
and BstEII as above, and then. cloned into the 

10 vector Ml lVHPCR1 for sequencing. The se· 
quences reveal a diverse repertoire (Fig. 11) at this 
stage of the disease. 

For human V" genes the primers HuJK1FOR. 
HUJK3FOR. HUJK4FOR and HUJK5FOR were 

rs used as forward primers and VKIBACK as back 
primer. Using these primers it was possible to see 
a band of amplified ds cDNA of the correct size by. 
gel electrophoresis. 

20 

Example 4 

Cloning of unrearranged variable gene genomic 
2s DNA from-human penpheraTEiooolympnocytes 

Human peripheral blood lymphocytes of a pa· 
tient with non-Hodgkins lymphoma were prepared 
as in Example 3 '(Method 1 ). The genomic DNA 

JO was prepared from the PBL using the technique 
described in Example 2 (Method 2). The VH region 
in the isolated genomic DNA was then amplified 
and cloned using the general protocol described in 
the lirst two paragraphs of the section headed 

35 "Amplification from RNA/DNA hybrid" in Example 
1 above. except that during the annealing part of 
each cycle. the temperature was held at 55 • C and 
that 30 cycles were used. At the end of the 30 
cycles. the reaction mixture was held at 60 • C for 

.:o five minutes to ensure that complete elongation 
and renaturation of the amplified fragments had 
taken place. 

The forward primer used was HuHep1 FOR. 
which contains a Sacl site. This primer is designed 

,s to anneal to the 3' end of the unrearranged human 
VH region gene, and in particular includes a se· 
quence complementary to the last three codons in 
the VH region gene and nine nucleotides down· 
stream of these three codons. 

so As the back primer. an equimolar mixture of 
Hu0cta1BACK. Hu0cta2BACK and Hu0cta38ACK 
was used. These primers anneal to a sequence in 
the promoter region of the genomic DNA VH gene 
(see Figure 1). Sul of the amplified DNA was 

ss checked on 2% agarose gels in TBE butter and. 
stained with ethidium bromide. A double band was 
seen of about 620 nucleotides which corresponds 
to the size expected for the unrearranged VH gene. 
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The ds cDNA was digested with Sacl and clonec 
into an M 13 vector for sequencing. Although there 
are some sequences which are identical. a.range of 
different unrearranged human VH genes were iden· 
tified (Figure 12). 

Example 5 

Cloning Variable Domains with Binding Activities 
from ~ Hybridoma 

The heavy chain variable domain (VHLYS) of 
the D1 .3 (anti·lysozyme) antibody was cloned into 
a vector similar to that described previously (42] 
but under the control of the lac z promoter. such 
that the VHL YS domain is attached to a pelB leader 
sequence for export into the periplasm. The vector 
was constructed by synthesis of the pelB leader 
sequence (43], using overlapping ol:gonucleotides. 
and cloning into a pUC 19 vector [35]. The. VHL YS 
domain of the D1 .3 antibody was derived from a 
cDNA clone [44 J and the construct (pSW1) sequen
ced (Figure 13). 

To express both heavy and light chain variaole 
domains together, the light chain variable region 
(VKL YS) of the Di .3 antibody was introduced into 
the pSW1 vector. with a pelB signal sequence to 
give the construct pSW2 (Figure 14). 

A strain o! · E. coli (8MH71 ·18J [451 was then 
transformed [46.47] with the plasmid pSW1 or 
pSW2. and colonies resistant to ampicillin (100 
i..:.g:mJ) were selected on a rich (2 x TY·= per litre 
of water. 16g Bacto·tryptone, 1 Og yeast extract. Sg 
NaCl) plate which contained 1 % glucose to repress 
the expression of variable domain(s) by catabolite 
repression. . 

The colonies were inoculated into SO ml 2 x TY 
(with 1 % glucose and 100 ugtml ampicillin) and 
grown in flasks at 37° C with shaking for 12·16 hL 
The cells were centrifuged. the pellet washed twice 
with 50 mM sodium chloride, resuspended in 2 x 
TY medium containing 100 ug:ml ampicillin and 
the inducer IPTG {l mM) and grown for a further 
30 hrs at 37 • C. The cells were centrifuged· and the 
supernatant was passed through a Nalgene filter 
(0.45 um) and then down a 1 • 5 ml lysozyme
Sepharose affinity column. (The column was de· 
rived by coupling lysozyme at 10 mg/ml to CNBr 
activated Sepharose.) The column was first washed 
with phosphate buttered saline (PBS), then with SO 
mM diethylamine to elute the VHL YS domain {from 
pSWl) or VHL YS in association with VKLYS (from 
pSW2). 

The VHL YS and VKL YS domains were iden· 
tified by SOS polyacrylamide electrophoresis as 
the correct size. In addition, N-terminal sequence 

determination of VHL YS and VKL VS isolated from a 
po!yacrylamide gel showed that the signal peptide 
had been produced ccrrectl)'.. Thus both the Fv 
fragment and the VHL VS domains are able to bind 

s to the lysozyme affinity column. suggesting that 
both retain at least some of the aHinity of the 
original antibody. 

The size of the VHL YS domain was compared 
by F?LC with that of the Fv fragment on Superose 

10 12. This indicates that the VHL YS domain is a 
monomer. The binding of the VHL YS and Fv frag· 
ment to lysozyme was checked by ELISA. and 
equilibrium and rapid reaction studies were carried 
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out using fluorescence quench. 
The ELISA for lysozyme binding was under· 

taken as follows: 
(1) The plates (Dynatech lmmulon) were 

coated with 200 ul per well of 300 ugtml lysozyme 
in SO mM NaHC03• pH 9.6 overnight ar room 
tempeature: . · 

(2) The wells were rinsed with three washes 
. of PBS. and _blocked with 300 ul per well of 1 % 
Sainsbury's instant dried skimmed milk powder in 
PSS lor 2 hours at 37 • C: 

(3) The wells were rinsed with three washes 
of PBS and 200 u.l of VHL YS or Fv fragment 
(VHL YS associated with VKL YS) were added and 
incu::iated for 2 hours at room temperature: 

(4) The wells were washed three times with 
0.05% Tween 20 in PBS and then three times with 
PBS to remove detergent; 

(5) 200 u.l of a suitable dilution (1 :1000) of 
rabbit polyclonal antisera raised against the FV 
fragment in 2% skimmed milk powder in PBS was 
added to each well and incubated at room tern· 
perature for 2 hours; 

(6) Washes were repeated as in (4): 
(7) 200 ut of a suitable dilution (1 :1000) of 

goat anti-rabbit antibody (tCN lmmuriochemicals} 
coupled to horse radish peroxidase. in 2% 
skimmed milk powder in PBS. was added fo each 
well and incubated at room temperature for 1 hour; 

(8) Washes were repeated as in (4); and 
(9) 200 ul 2.2· azino-bis(3-ethylbenz· 

thiazolinesulphonic acid) [Sigma] (0.55 mgtml. with 
t ul 20% hydrogen peroxide: water per 10 ml) was 
added . to each well and the colour allowed to 
develop for up to 10 minutes at room temperature. 

The reaction was stopped by adding ·0.05% 
sodium azide in 50 mM citric acid pH 4.3. ELISA 
plates were read in a Titertek Multiscan plate read~ 
er. Supernatant from the induced bacterial cultures 
of both pSW1 (VHL YS domain) or pSW2 (Fv frag· 
ment) was found to bind to lysozyme in the ELISA. 

The purified VHLYS and Fv fragments were 
titrated with lysozyme using fluorescence quench 
(Perkin Elmer LS58 Luminescence Spectrometer) 
to ~easure the stoichiometry of binding and the 

If t f 
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affinity con.slant f0t4~zyl1'.1e [4aA9]. Th~)it.[fili.on_ . 
of the Fv fragment at a concentration or 30 nM 
indicates a dissociation constant of 2.8 nM using a 
Scatchard analysis. 

A similar analysis using fluorescence quench 
and a Scatchard plot was carried out for VHL YS. at 
a VHLYS concentration of 100 nM. The stoichiome· 
try of antigen binding is about 1 mole of lysozyme 
per mole of VHL YS (calcu·lated from plot). (The 
concentration ol VH domains was calculated from 
optical density at 280 nM using the typical extinc· 
tion coetticient for complete immunoglobulins.) Due 
to possible errors in measuring low optical den
sities and the assumption about the extinction co
efficient, the stoichiometry was also measured 
more carefully. VHL YS was titrated with lysozyme 
as above using fluorescence quench. To determine 
the concentration of VHL YS a sample of the stock 
solution was removed. a known amount of nor· 
leucine added. and the sample subjected to quan
titative amino acid analysis. This ·showed a 
stoichiometry of 1.2 mole of lysozyme per mole of 
VHL YS domain. The dissociation constant was cal· 
culated at about 12 nM. 

The on-rates for YHL YS and Fv. fragments with 
lysozyme were determined by stopped-flow analy· 
sis (HI Tech Stop Flow SHU machine) under 
pseudo·first order conditions with the fragme.nt at a 
ten fold higher concentration than lysozyme [SO]. 
The concentration of lysozyme binding sites was 
first measured by titration with lysozyme using 
fluorescence quench as above., The on rates were 
calculated per mole of binding site (rather than 
amount of VHL YS protein). The on-rate for the Fv 
fragment was found to be 2.2. x 10• M-1 s- 1 at 
25 • C. ·The on-rate for the VHL YS fragment found 
to be 3.8 x 10• M-' s-• and the ott-rate 0.075 s-, 
at 20 • C. The calculated attinity constant is 19 nM. 
Thus the VHL YS binds to lysozyme with a · dis
sociation constant of about 19 nM. compared with 
that of the Fv of 3 nM. 

Example 6 

Cloning complete variable domains with binding 
activities from mRNAorDNA of antibocy-se'cre'ti'ii'g 
cells -- --- - -- -

A mouse was immunised with hen egg white 
lysozyme (100 u.g i.p. day 1 in complete Freunds 
adjuvant). after 14 days immunised i.p. again with 
100 u.g lysozyme with incomplete Freunds ad· 
juvar.t. and on day 35 i.v. with 50 u.g lysozyme in 
saline. On day 39. spleen was harvested. A second 
mouse was immunised with keyhole limpet 
haemocyanin (KLH) in a similar way. The DNA was 

. . ~pared from the spleen according to Example 2 
· (Method 2). The VH genes were amplified accord

ing to the preierred method in Example 2. 
Human peripheral blood lymphocytes from a 

s patient infected with HIV were prepared as in Ex· 
ample 3 (Method 2) and mRNA prepared. The \/H 
genes were amplified according to the method 
described· in Example 3. using primers designed 
for human VH gene families. 

10 After the PCR, the reaction mixture and oil 
were extracted twice with ether, once with phenol 
and once with phenol'CHCI,. The double stranded 
DNA was then taken up in 50 u.l of water and 
frozen. 5 ul was digested with Pstl and BstEII 

);) (encoded within the a~plification primers) and 
loaded on an agarose gel for electrophoresis. The 
band of amplified DNA at about 350 bp was ex·. 
tracted. 

20 

Expression of anti·tysozyme activities 

The repertoire of amplified heavy chain vari
a::>le · domains (from mouse immunised with 

2s lysozyme and from human PBLs) was then cloned 
directly into the expression vector 
pSW1 HPOL YMYC. This vector is derived from 
pSW1 except that the VHL YS gene has been re· 
moved and replaced by a polylinker restriction site. 

JO A sequence encoding a peptide tag was inserted 
(Figure 15). Colonies were toothpicked into 1 ml 
cultures. After induction (see Example 5 for de· 
tails). 10 u.l of the supernatant from fourteen 1 ml 
cultures was loaded on SDS·PAGE gels and the 

:is proteins transferred electrophoreticalty to nitrocel· 
lulose. The blot was probed with antibody 9::10 
directed against the peptide tag. 

The probing was undertaken as follows. The 
nitrocellulose filter was incubated in 3% bovine 

,o serum albumin (BSA)/TBS butter for 20 min (10 x 
TBS buffer is 100 mM Tris.HCI. pH 7.4. 9% w/v 
NaCl). The filter was incubated in a.suitable dilution 
of antibody 9E10 (about 11500) in 3% BSA/TBS for 
1 - 4 hrs. After three washes in TBS (100 ml per 

,s wash, each wash for 10 min), the filter was in
cubated with 1 :500 dilution of anti-mouse antibody 
(peroxidase conjugated anti-mouse lg (Dakopats)) 
in 3% BSA/TBS for 1 • 2 hrs. After three washes in 
TBS and 0.1 % Triton X-100 (about 100 ml per 

so wash, each wash· for 10 min). a solution containing 
10 ml chloronapthol in methanol (3 mgtml), 40 ml 
TBS and 50 ul hydrogen peroxide solution was 
added over the blot and allowed to react for up to 
10 min. The substrate was washed out with excess 

ss water. The blot revealed bands similar in mobility 
to VHL YSMYC on the Western blot. showing that 
other VH domains could be .expressed. 

Colonies were then toothpicked individually into 
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wells of an ELISA plate (200 ul} for growth and 
induction. They were assayed for lysozyme binding 
with the 9E10 antibody (as in Examples 5 and 7). 
Wells with lysczyme·binding activity were iden· 
tified. Two positive wells (of 200) were identiiied 
from the amplified mouse spleen DNA ano orie well 
from the human cDNA. The heavy chain variable 
domains were purified on a column of lysozyr.1e
Sepharose. The affinity for lysozyme of the clones 
was estimated by fluorescence quench titration as 
>50nM. The affinities of the two clones (VH3 and 
VHB) derived from the mouse genes were also 

· estimated by s:op flow analysis (ratio of k0 nik0 u) as 
12 nM and 27 nM respectively. Thus both these 
clones have a comparable affinity to the VHL YS 
domain. The encoded amino acid sequences of of 
VH3 and VHB are given in Figure 16, and that oi 

\ the human variable domain in Figure 17. 
··._./ A library of VH domains made from the mouse 

-... ) 

immunised with ·1ysozyme was screened for both 
lysozyme and keyhole limpet haemocyanin (KLH) 
binding activities. Two thousand colonies were 
toothpicked in groups of five into wells of ELISA 
plates. and the supernatants tested for binding to 
lysozyme coated plates and separately to KLH 
coated plates. Twenty one supernatants were 
shown to have lysozyme binding activities and two 
to have KLH binding activities. A second expres· 
sion library, prepared from a mouse immunised 
with KLH was screenect as above. Fourteen super· 
natants had KLH binding activities and a single 
supernatant had lysozyme binding activity. 

This shows that antigen binding activities can 
be prepared from single VH domains. and that 
immur.isa:ion facilitates the isolation of these do· 
mains. 

Example 7 

Cloning ~ domains with binding activities by 
mutagenesis. 

Taking a single rearranged VH gene, it may be 
possible to derive entirely new antigen binding 
activities by e)(tensively mutating each of the 
CDRs. The mutagenesis might be entirely random, 
or be derived from pre-existing repertoires of 
CDRs. Thus a repertoire of CDR3s might be pre· 
pared as in the preceding examples by using 
"universal" primers based in the flanking se
quences. and likewise repertoires of the other 
CDRs (singly or in combination). The CDA re;:,er
toires could be stitched into place in the flanking 
framework regions by a variety of recombinant 
DNA techniques. 

. CDR3 appears to be the most promising region 

for mutagenesis as CDR3 is mere variable in size 
and sequence than CDRs 1 and 2. This region 
would be expected to make a major contribution to 
antigen binding. The heavy chain variable region 

s (VHL YS) of the anti-lysozyme antibody 01 .3 is 
known to make several important contacts in the 
CDR3 region. 

Multiple mutations were made in CDR3. The 
polymerase chain reaction (PCR) and a highly de· 

10 generate primer were used to make the mutations 
and by this means the original sequence of CDR3 
was destroyed. (It would also have been possible 
to construct the mutations in CDR3 by cloning a 
mixed oligonucleotide duplex into restriction sites 

15 flanking the CDR or by other methods of site· 
directed mutagenesis). Mutants expressing heavy 
chain variable domains with affinities for lysozyme 
were screened and those with improved attinhies or 
new specificities were identified. 

20 The source of the heavy chain variable domain 
was an M13 vector containing the VHL YS gene. 
The body of. the sequence encoding the variable 
region was amplified using the polymerase chain 
rea:tion (PCR) with the mutagenic primer VHMUT1 

25 based in CDR3. and the M 13 primer which is based 
in the M13 vector backbone. The mutagenic primer 
hypermutates the central four residues of CDR3 
(Arg·Asp-Tyr-Arg). The PCR was carried out for 25 
cycles on a Techne PHC·1 · programma:ile heat 

:,o block using 100 ng single stranded M13mp19SWO 
template. with 25 pmol of VHMUT1 and the M13 
primer. 0.5 mM each dNTP. 67mM Tris.HG!. pH 
8.8. 10 mM MgCl2. 17 mM (NH,)250 •. 200 ug,ml 
gelatine and 2.5 units Taq polymerase in a final 

35 volume of 50 ul. The temperature regime was 
95 • C for 1.5 min, 25 • C for 1.5 min and 72 • C for 3 
min {However a range of PCR conditions could be 
used). The reaction products were extracted with 
phenol/chloroform, precipitated with ethanol and re· 

40 suspended in 10 mM Tris. HCl and 0.1 mM EDTA, 
pH 8.0. 

The products from the PCR were digested with 
Pstl and BstE'tl and purified on a 1.5°/o LGT 
agarose gel in Tris acetate buffer using Geneclean 

45 (Bio 101. LaJolla). The get purified band was ligat· 
ed into pSW2HPOLY (Figure 19). (This vector is 
related to pSW2 except that the body of the 
VHL YS gene has been replaced by a polylinker.) 
The vector was first digested with BstEI! and Pstl 

so and treated with calf-intestinal phosphatase. Al· 
iquots of the reaction mix were used to transform 
E. coli BMH 71-18 to ampicillin resistance. Coto· 
nies were selected on ampicillin (100 ug1ml) rich 
plates containing glucose at 0.8% wiv. 

ss Colonies resulting from transfection were pic-
ked in pools of five into two 96 well Corning micro
titre plates, containing 200 u.l 2 x TY medium and 
100 ul TY medium. 100 u.gtml. ampicillin and 1% 
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alucose. Tl".ie colon~c wer~ grov,:n for 24 h.Ol.l~ at . 
37' C and ·then cells -~ere washed twice 1M 200 ui 
50 mM NaCl. pelleting the cells in an IEC Centra-3 
bench top centrifuge with microtitre plate head 
fitting. Plates were spun at 2.500 rpm for 10 min at 
room temperature: Cells were resuspended in 200 
ul 2 x TY, 100 l!g!ml ampicillin and 1 mM !PTG 
{Sigma) to induce expression, and grown for a 
further 24 hr. 

Cells were spun down and the supematants 
used in ELISA with lysozyme coated plates and 
anti-idiotypic sera (raised in rabbits against the Fv 
fragment of the 01.3 antibody). · Bound anti· 
idiotypic serum was detected using horse radish 
peroxidase conjugated to anti-rabbit sera (ICN Im· 
munochemicals). Seven ol the wells gave a positive 
result in the ELISA. These pools were restreaked 
for single colonies which were picked. grown up, 
induced in microtitre plates and rescreeneu· in the 
ELISA as above. Positive clones were grown up at 
the 50 ml scale and expression was induced. Cul
ture supernatants were puriiied as in Example 5 on 

· columns of lysozyme-Sepharose anc eluates an· 
alysed on SOS-PAGE and staining with Page Blue 
90 . (BDH). On elution of the column with 
diethylamine. bands corresponding to the VHL YS 
mutant domains were identified. but none to the 
VKL YS domains. This suggested that although the 
mutant domains could bind to lysozyme. they 
could no longer associate with the VKYLS domains. 

For seven clones giving a positive reaction in 
ELISA .. plasmids were prepared and the VKL VS 
gene excised by cutting with EcoRi and religating. 
Thus the plasmids should only direct the expres
sion ol the VHL YS mu!an:s. 1.5 ml cultures were 
grown ar.d induced for expression as above. The 
cells were spun down and supernatant shown to 
bind lysoz~·me as above. (Alternatively the am
plified mutant VKLYS genes could have been clon
ed directly into the pSWl HPOL Y vector for expres
sion of the mutant activities in the absence of 
VKLYS.) 

An ELISA method was devised in which the 
activities of bacterial supernatants for binding of 
lysozyme (or KLH) were compared. Firstly a vector 
was devised for tagging of the VH domains at its 
C·terminal region with a peptide from the c-myc 
protein which is recognised by a monoclonal anti· 
body 9E10. The vector was derived from pSW1 by 
a BstEII and Smal double digest. and ligation of an 
oligonucleotide duplex made from 
5' GTC ACC GTC TCC TCA GAA CAA AAA CTC 
ATC TCA GAA GAG GAT CTG AAT TAA TAA 3' 
2nd 
5' iTA iTA ATT GAG ATC CTC TTC TGA GAT 
GAG iTT TTG TTC TGA GGA GAG G 3'. 
The VHLYSMYC protein domain expressed after 
induction was shown to bind to lysozyme and to 

.. 
_ -~ 9E1.0 ar.tioo:::y by ELISA as follows: 

(1) Fa!:on (3912} f:at bottomed wells were 
coated with 180 ul lysoz,r:1e (3 mg1ml) or KLH (50 
l!giml) per we:i ir. 50 mM Na~C03. pH 9.6. and left 

5 to stand a: ro:,rr. tempera::;re overnight: 
(2) The ~ells were washed with P!:S and 

blocked for 2 hrs at 37' C with 200 ul 2% S2ins· 
bury's ins:ar.: dried skim:':'le: milk powcer in PBS 
per well; 

10 (3) The Blocking s:l:.:tion was disca~ded. and 
the walls washed out with PSS (3 washes) and 150 
ul test solution (supernatant or purified tagged do· 
main) pipetted into each well. The sample _was 
incubated at 37 • C for 2 hrs: 

15 ·(4) The test soluticr. was discarded. and the 
wells washed out with PBS (3 washes). 100 i.:.I of 4 

ug1ml purified 9E10 anti::;ody in 2% Sains:>ury's 
instant dried skimmed milk powder in PSS was 
added. and incuoated at 3i • C fer 2 hrs; 

20 (5) The 9E10 antibody was disca~ced. the 
wells_ washed with PBS (3 washes). 100 !!I o: 1/500 
dilution of anti-mouse a:-.tibody (peroxidase con
jugated anti-mouse lg (Daa.:opa:s)) was added and 
incubated at 3i • C for 2 hrs: 

25 (6) The sec~nd antibody was discarced and 
wells washec three times with PSS: and 

(7) 100 ul 2.2 · azino-bis(3·ethylbenz-
thiazolinesulphonic acid) (Sigma] (0.55 m;:r:'\I, with 
1 ul 20% hycrogen peroxide: water per 10 ml) was. 

Jo added to each well and the colour allowed to 
develop fer up to 10 mim.:tes at room temperature. 

The reaction was s:opped by adding 0.05% 
sodium azide in 50 mM cibc acid, pH 4.3. ELISA 
plates were read in an Titertek Multis:an plate 

35 reader. 
The activities of the mutant supernatan:s were 

compared with VHL YS supernatant by competition 
with the VHL YSMYC domain for binding to 
lysozyme. The results show that supernatant from 

40 clone VHL YSMUT59 is more effective than wild 
type VHL YS supernatant in competing for VHL YS· 
MYC. Furthermore, Western blots. of SOS-PAGE 
aliquots of supernatant from the VHL YS and 
VHL YSMUT59 domain (using anti-Fv antisera) in· 

45 dicated comparable amounts of the two samples. 
Thus assuming identical amounts of VHL YS and 
VHL YSMUT59. the affinity of the mutant appears to 
be greater than that of the VHL YS domain. 

To check the affinity of the VHL YSMUT59 do· 
50 main directly. the clone was grown at the 11 scale 

and. 200-300 ug purified on lysozyme-Sepharose 
as in Exa.mple 5. By fluorescence quench titration 
of samples cf VHL YS and VHL YSMUT59. the num
ber of binding sites for lysozyme we_re determined. 

55 The samples pl VHLYS and VHLYSMUT59 . were 
then compared in the competition .ELISA with 
·VHL YSMYC over two orders of magnitude. In the 
competition assay each microtitre well contained a 
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constant amc,mt of VHL YSMYC (approximately 0.6 
ug VHL YSMYC). Varying amou~:s of VHL YS or 
VHL YStl.UT59 (3.6 uM in lysozyme binding sites) 
were added (0.166 • 25 ul). The final volume and 
buffer concer.tration in all wells was constant. 9E10 
(anti·myc) antibody was used to quantitate bound 
VHL YSMYC in each assay well. The % inhibition of 
VHL YSMYC binding was calculated for each addi· 
tion of VHL VS or VHL YSMUT59. after subtraction 
of background binding. Assays were carried out in 
duplicate. The results indicate that VHL YSMUT59 
has a higher affinity for lysozyme than VHL YS. 

The VHL YSMUT59 gene was sequenced (after 
recloning into M13) and shown to be identical to 
the VHL YS gene except for the central residues of 
CDR3 (Arg-Asp-Tyr-Arg). These were replaced by 
Thr·Gln·Arg-Pro: (encoded by ACACAAAGGCCA). 

-, A library of 2000 mutant VH clones was 
• ...,.. screened for lysozyme and also for KLH binding 

(toothpicking 5 colonies per well as described in 
Example 6). Nineteen supernatants were identified 
with !ysozyme binding activities .and fo'Jr with KLH 
binding activ:ties. This indicates that new 
specificites and improved affinities can be derived 
by making a random repertoire of CDR3. 

Example B 

Construction and expression of couble domain for 
lysozyme oinaing. - -- --- -

The finding that single domains have excellent 
binding activities should allow the construction of 
strings of domains (concatamers). Thus, multiple 
specificities could be built into the same molecule, 

... ) allowing binding to different epitopes spaced apart 
by the distance between domain heads. Flexible 
linker regions could be built to space out the do· 
mains. In principle such molecules could be de
vised to have exceptional specificity and affinity. 

Two copies of ttie cloned heavy chain variable 
gene of the D1 .3 antibody were linked by a 
nucleotide sequence encoding a flexible linker 
Gly-Gly·G ly ·Ala-Pro· Ala-Ala-Ala· Pro· Ala·Gly·Gly· 
Gly· 
(by several steps of cutting, pasting and site di· 
rected mutagenesis) to yield the plasmid pSW3 
(Figure 20). The expression was driven by a lacz 
promoter and the. protein was secreted into the 
periplasm via a pelB leader sequence (as de
scribed in Example 5 for expression of pSW1 and 
PSW2). The protein could be purified to homo• 
geneity on a lysozyme affinity column. On SOS 
polyacrylamide gels. it gave a band of the right 
size (molecular weight about 26.000). The protein 
also bound strongly to lysozyme as detected by 

ELISA (see Example 5) 4sing anti·idiotypic an· 
tiserum directed against the Fv fragment of the 
01 .3 antibody to detect the protein. Thus. such 

. constructs are readily made and secreted and at 
s least one of the doma;ns binds to lysozyme. 

10 

Example 9 

Introduction of i::ysteine residue at C·terminal end 
olVHLYS - ------ --

A cysteine residue was introduced at the C· 
rs terminus of the VHL YS domain in the vector pSW2. 

The cysteine was introduced by cleavage of the 
vector with the restriction enzymes Bstl and Smal 
(which excises the C-terminal portion of the J seg· 
ment} and ligation of a short oligonucleotide duplex 

20 s' GTC ACC-GTC TCC TCA TGT TAA TAA 3' and 
5' TTA TTA ACA TGA GGA GAGG 3'. 
Sy purificatio_n on an affinity column of lysozyme 
Sepharose it was shown that the VHL YS·Cys do· 
main was expressed in association with the VKL YS 

2s variable domain. but the overall yields were much 
lower than the wild type Fv fragment. Comparison 
of non-reducing and reducing SOS polyacrylamide 
gels of the purified Fv·Cys protein indicated that 
the two VH-Cys domains had become linked 

30 through the introduced cysteine residue. 

35 

Example 10 

Linking of enzyme activities to VH domains 
should be possible by either cloning the enzyme 

40 on either the N·terminal or the C·terminal side of 
the VH domain. Since both partners must· be ac· 
tive. it may be necessary to design a suitable linker 
(see Example 8) between the two domains. For 
secretion of the VH-enzyme fusion. it would be 

45 preferable to utilise an enzyme which is usually 
secreted. In Figure 21. there is shown the se· 
quence of a fusion of a VH domain with alkaline 
phosphatase. The alkaline phosphatase gene was 
cloned from a plasmid carrying the E. coli alkaline 

so phosphatase gene in a plasmid pEK48. [51) using 
the polymerase chain reaction. The gene was am· 
plilied with the primers _ 
5' CAC CAC GGT CAC CGT CTC CTC ACG GAG 
ACC AGA AAT GCC TGT TCT G 3' and 

ss 5' GCG AAA A TT CAC JCC CGG GCG CGG TIT 
TAT TTC 3 •. The gene was introduced into the 
vector pSW1 by cutting at BstEII and Smal. The 
construction (Figure 21) was expressed in E. cofi 
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strain 6MH7l-18~xarople 5 .. and scre_e:ie.:.Jor .• 
phosphatase activity using 1 mg1m1 p·nifrcpr.enyl· 
phospha:e as substrate in 1 OmM diethanolamine 
and 0.5 mM Mgc12. pH 9.5) and also on SOS 
polyac~yla:nide gels which had been Western blot· 
ted (detecting with anti-idiotypic antiserum). No evi
dence was found for the secretion oi" the linked 
VHL YS·a!kaline phosphatase as detected by West· 
ern blots (see Example 5). or for secretion of 
phosphatase activity. 

However when the construct was trans!ected 
into a bacterial strain BL21 DE3 [52] which is deli· 
cient in proteases. a band of the correct size (as 
well as degraded products) was detected on the 
Western blots. Furthermore phosphatase activity 
could now be detected in the bacterial supernatant. 
Such activity is not present in supernatant from the 
strain which had not been transfected with the 
construct. 

A variety of linker sequences could then be 
introducf:d at the BstEII site to improve the spacing 
between the two domains. 

Examole 11 

Coexpression of ~ domains with Vk repertoire 

A repertoire of VIC genes was derived· by PCR 
using primers as described in Example 2 from 
DNA prepared from mouse spleen and a!so from 
mouse spleen mRNA using the primers VK3FOR 
and VK2BACK and a cycle of 94 • C fer 1 min. 
60 • C lor 1 min. 72 • C for 2 min. The PCR am
plified DNA was fract:onated on the aga:ose gel. 
the band excised and cloned into a vector which 
carries the VHLYS domain (from the 01.3 anti
body). and a cloning site (Sacl and Xhol) for clon
ing of the light chain variable domains witn a myc 
tail (pSW1 VHL YS-VKPOL YMYC, Figure 22). . 

Clones were screened for lysozyme binding 
activities as described in Examples 5 and 7 via the 
myc tag on the light chain variable domain. as this 
should permit the following kinds of VIC domains to 
be identified: 

(1) those which bind to lysozyme in the 
absence of the VHL YS domain: 

. (2) those which associate with the heavy 
chain and make no. contribution to binding of 
lysozyme; and 

(3) those which associate with the heavy 
chain and also contribute to binding of lysozyme 
(either helping or hindering). 

This would not identify those V. domains 
which associated with the VHL YS domain and com· 
pletely abolished its binding to lysozyme. 

In a further experiment. the VHLYS domain was 

• ....t;Wlace= by t:re heavy chain variable dor.-:a:n VH3 
which had been isolated from tr.e repertoire (see 
Example 6). and then the VIC domains cloned into 
the vec:or. (Note that the VH3 domain has an 

s internal Sacl site and tr.is was first removed to 
allow the cloning of the V )( repertoire as Sa:l·Xhol 
fragments.) 

By screen:ig the supernatant using the ELISA 
described in Example 6. bacterial superr.a,ants will 

10 be identified which bind lysozyme. 

15 

Example 12 

High expression of VH domains. 

By screening several clones from a VH library 
derived from a mouse immunised with lysozyme 

20 via a Western blot. using the 9E10 antibody di· 
rected against the peptide tag, one clone was 
noted with very high levels of expression of the 
domain (estir.iated as 25 • 50 mg/I). The clone was 
sequenced to determine the nature of the se· 

2s quence. The sequence proved to be closely related 
to that of ttie VHL YS domain. except with a few 
amino acid changes (Figure 23). The result was 
unexpected. and shows that a limited number of 
amino acid changes. perhaps even a single amino 

:io acid substitution. can cause greatly elevated levels 
of expression. 

By making mutations of the high expressing 
domain at these residues. it was found that a single 
amino acid change in the VHL YS domain(Asn 35 to 

:is His) is sufficient to cause the dor.iain to be ·ex· 
i;ressed at high levels. 

40 

CONCLUSION 

lt can thus be seen that the present invention 
enables the cloning. amplification . and expression 
of heavy and light chain variable domain encoding 
sequences in a much more simple manner than 

45 was previously possible. It also shows that isolated 
variable domains or such domains linked to effector 
molecules are unexpectedly useful. 

It will be appreciated that the present invention 
has been described above by way of example only 

so and that variations and modifications may be made 
by the skilled person without departing from the 
scope of the invention. 
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35 Claims 

1. A single domain ligand consisting of at least 
part of the variable domain of one chain of a 
molecule from· the immunoglobulin (lg) superfamily. 

,:o 2. The ligand of claim 1. which consists of the 
variable domain of an lg heavy chain. 

3. The ligand of claim 1, which consists of the 
variable domain of an lg chain with one or more 
point mutations from the natural sequence. 

,:5 4. A receptor comprising a ligand of any one of 
claims 1 to 3 linked to one or more of an effector 
molecule, a prosthetic group, a label. a solid sup· 
port or one or more other ligands having the same 
or different specificity. 

so 5. The receptor of claim 4. comprising at least 
two ligands. 

6. The receptor of claim 5. wherein the first 
ligand binds to a first epitope of an antigen and the 
second ligand binds to a second epitope. 

ss 7. The receptor of claim 6. which includes an 
· effector molecule or label. 

a. The receptor of any one of claims 5 to 7 . 
which comprises a ligand and another protein mol· 

• 
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ecule. pro~ced ·bH~or.-:binant_ DNA te.i.hn=u.:lgy_ . 
as a fusion product. · · 

9. The receptor of claim 8, wherein a linker 
peptide sequence is placed between the ligand and 
the other protein molecule. 

10. A method of cloning a sequence (the target 
sequence) which encodes at least part of the vari· 
able domain of an lg superfamily molecule. which 

method comprises: 
(a) providing a sample of double stranded 

(ds) nucleic acid which contains the target se• 
ciuence: 

(bl denaturing the sample so as to separate 
the two strands; 

(c) annealing to the sample a forward and a 
back oligonucleotide primer. the forward primer be· 
ing specific for a sequence at or adjacent the 3' 
end of the sense strand of the target sequence, the 
back primer being specific for a sequence at or 
adjacent the 3' end of the antise.nse strand of the 
target sequence, under conditions which allow the 
primers to hybridise to the nucleic aciCl at or adja· 
cent the target sequence: 

(d) treating the annealed sample with a DNA 
polymerase enzyme in the presence of deox· 
ynucleoside triphosphates under conditions which 
cause primer extension to take place: and 

(e) denaturing the sample under conditions 
such that the extended primers become separated 
from the target seciuence. 

11. The method of claim 10, further including 
the step (f) of repeating steps (C) to (e) on the 
denatured mixture a plurality of times. 

12. The method of claim 1 O or claim 11. which 
is used to clone a complete variable domain from 
an lg heavy chain. 

13. The method of claim , O or claim 11 which 
is used to produce a DNA sequence encoding a 
ligand according to any one of claims 1 to 3. 

14. The method of any one of claims 10 to 13, 
wherein the forward and back primers are provided 
as single oligonucleotides. 

15. The method of any one of claims 1 O to 13, 
wherein the forward and back primers are each 
supplied as a mixture of closely related 
oligonucleotides. 

16. The method of claim 14 or claim 15. 
wherein the primers which are used are species 
specific general primers. 

1 7. The method of any one of claims 10 to 16, 
wherein the ds nucleic acid sequence is genomic 
DNA. 

18. The method of any one of claims 10 to 17, 
wherein the ds nucleic acid is derived from a 
human. 

19. The method of any one of claims 10 to 18, 
wherein the ds nucleic acid is derived trom periph· 
eral blood lymphocytes. 

.. 
20 .. The method of any one of claims 10 to 18. 

wherein each primer includes a sequence encodir.g 
a restriction enzyme recognition site. 

21. The r.1ethod of c:aim 20, wherein the re· 
5 striction enzyme recognition site is located in the 

sequence which is annealed to the cs nucleic acid. 
22. The method of any one of claims 10 to 21, 

wherein the product ds cDNA is inserted into ari 
expression vector and expressed alone. 

10 23. The method of any one of claims 10 to 22. 
wherein the product ds cDNA is expressed in com· 
bination with a complementary variable domain. · 

24. The method of any one of claims 10 to 23. 
wherein the cloned ds cONA is inserted into an 

1s expression vector already containing sequences 
encoding one or more constant domains to allow 
the vector to express lg-type chains. 

25. The method of any one of claims 10 to 24. 
wherein the cloned ds cDNA is inserted into an 

2.0 expression vector so that it can be expressed as a 
fusion protein. 

· 26. The method of claim 10, wherein one or 
both of the primers comprises a mixture of 
oligonucteotides of hypervariable sequence. where· 

25 by a mixture of variable domain encoding se
quences is produced. 

27. A method of cloning a sequence (the target 
sequence) which encodes at least part of !he vari· 
able domain of an lg superfamily molecule, which 

30 method comprises: · 
(al providing a sample of double stranded· 

(ds) nucleic acid which contains the target se· 
quence: 

(b) denaturing the sample so as to separate 
:is the two strands; 

(c) annealing to the sample a forward and a 
back oligonucleotide primer, the forward primer be· 
ing specific for a sequence at or adjacent the 3' 
end of the sense strand of the target s~quence, the 

40 back primer being specific for a sequence at or 
adjacent the 3' end of the antisense strand of the 
target sequence, under conditions ,which allow the 

vprimers to hybridise to the nucleic acid at or adja
cent the target sequence: 

45 (d) treating the annealed sample with a DNA 
polymerase enzyme in the presence of deox
ynucleoside triphosphates under conditions which 
cause primer extension to take place: 

· (g) treating the sample of ds cONA with 
50 traces of ONAse in the presence of DNA poly-

merase I to allow nick translation of the ONA; and 
(h) cloning the ds cONA into a vector. 

28. The method of claim 27, which further 
includes the steps of: 

55 (i) digesting the DNA of recombinant plas· 
mids to release DNA lragments containing genes 
encoding variable domains: and 

G) treating _the fragm·ents in a further set of 

I 
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steps (c) to (h). 
29. The method of either claim 27 er claim 28, 

wherein the fragments are separated from the vec· 
tor and from other fragments of the incorrect size 
by gel electrophoresis. s 

30. The method of any one of claims 27 to 29, 
wherein the product ds cDNA is cloned directly into 
an expression vector. 

3l. A species specific general oligonucleotide 
primer or mixture of such primers useful for cloning 10 

at least part of a variable domain encoding se· 
quence from an animal of that species. 

32. A primer or mixture of primers according to 
claim 27, wherein each primer includes a restriction 
enzyme recognition site within the sequence which is 
anneals to the coding part of the variable domain 
encoding sequence. 

' \· 

20 
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l-----l'o\....---...J01----1j._ ~..__ ___ vH_: __ _.!_c,. ..... ,_JH~, ----1 
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cocu:iuctrouo, moun 

~· ~ 

VHIBACK VHIFCR 
1-:UVHBACK VH I FOA-2 
MOVHBACK HUJHFOR 

MO-.lHFOR 

L'n~earranged heavy chiim variable gene (ONA) 

i------1Q .... --w---4 _____ v1-_ __..I· · · · .... ·. ~-· · · · · · · · § .. · · .. · .. · --1 
oromour 

(Oet.1~v,1tot1ae rnonn 

~ 

1-:UOCi ABACK 1 

?.earran~ed heavy ct,a:n varia:ile gene (mRNAJ 

~ 

HUHEPlFOR 

---~! .... L__._l __ v1-:_: _ __._lc_,;-:..._IJ_r-:..._l _..;;;c;-:.;...: ; _ __._j .;...t1...1.! _ _...;;;c.;..;H2=---1...--...:c;;.;H~J -~ 

VHIBACK 

HUVHBACK 
MOVl-:SACK 

+ 
HL'VHFOR 

Rearranged 11gnt ct1am var1atlle gene CDNAl 

i..-..---iQ1----1GJ1----1 .... I i....__v_K ____ ~IJ__.Kj 1-----~ 

crornoter 
~ ~ 

VKIBACK VKIFOR 
VK2BACK VK2FOR 
MOVKBACK VK3FOR 

FIG. 1 
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M13 VRPCR1 

.. 

;;r .. ' .. ""'AT~TATGCAAA1CCTCTGAATCTACATGGT:.AATATAGGTTTGTCTATACCA 
10 20 30 40 so 60 

CAAACAGAAAAACATG;.GA':'CACAGTTCTC:C!ACAGTTACTGAGCACACAGGACCTCAC 
70 80 90 100 110 120 

M G W S C I I L F L V A T A T 
CATGGGATGGAGCTGTATCATCCTCTTCT!C-GTAGCAACAGCTACAGGTAAGGGGCTCAC 

130 140 150 160 170 180 

AGTAGC'AGGCTTGAGGTCTGGACATATATATGGGT"'...;.CAATGACATCCAC~GCC!'TTC 
190 200 210 220 230 240 

PstI 
1 51 io 

G V ~ S Q V Q L Q E S G P G L V R P 
TCTCCACAGGTGTCCACTCCCAGGTCCA;rj'!".:"?>C~AGAGCGGTCCAGGTCTTGTGAGAC 

250 260 270 .2~0 290 300 

CDRl 
15 20 25 30 
S Q T L S L T C T V S G S T F S S Y W M 

CT~G:CAGACCCTGAG:CT~CCTG~CC~7G~TGG..:AG~ccrrc;..:;c.AG:TACTGGA 
310 320 330 340 350 . 360 

CDR2 
35 40 45 50 

ff WV R Q.P PG R GLEW I GRID P N 
TGCACTGGGTGAGACAGCCACCTGGACGAw-:CTTGAGTGGATIGGAAGGATTGATCCTA 

370 380 390 (00 410 (20 

55· 60 65 70 
S G G T K Y N E K F K S R V T M L V D T 

ATAG'!'GGTGGTACTAAGTACAATGAGAAGTTCAAGAGCAGAGTGACAATGCTGGTAGACA 
430 440 450 ,60 470 480 

75 80 85 90 
S K N Q F S L R L S S V T A A D T A V Y 

CCAG:::AAGl\ACCAGTTCAGCC:""~GACT'""..AGCAG~TGACAGCCGCCGACACCGCGGTCT 
490 500 510 520 530 540 

CDR3 
95 100 105 110 
Y CARY DY Y GS SY F D·Y W G Q GT 

ATTATTGTGCAAGATACGA':TACTACGGTAGTAGCTACTTTGACTACTGGGGCCAAGGGA 
550 560 570 560 590 600 

Bst!:II 
115 I 120 

T V T V .S S 
CCACCJ:ICoCCGTCTCCTCAGGTc;;;GTCCTTACAACCTCTCTCTTCTA'ITCAGCTTAAAT 

610 620 630 . 640 650 660 

AGATTT!ACTGCATTTGTTGGGGwGAAATGTGTGTATCTGAAT'!TCAGGTCATGAAGGA 
670 680 690 700 710 720 

CTAGGGACACCTTGGG.GTCAGAAAG.:.GTCATTGGGAGCCCGGGCTGATGCAGACAGJ\.CA 
730 740 750 . 760 770 780 

B~'1I 
I 

TCCTCAGCTCCCAGACTTCATGGCCAGAGATTTATAG 
790 800 810 FIG. 3 
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MJ,3 VkPCRl 
HinD II! 

1. 
t,;r,r-':"ATG;..;..TATGCAAATCC':CTc;;.;.TCTACATGGTAAATATAw:":'TGTCTA:.;CCA 

38 48 58 68 78 88 

C.;;u>.CAGAAAAACATGAGATCACAGTTCTC!'CTACAGTTACTGAGC:.::ACAGGACC7'..AC 
98 108 118 128 138 148 

M G W S C I I L F L V A T A T 
CATC-GG.;!GG:.GC':GTATCATCC:'CTTCTTC-GT.M;CAACAGCTACAGGTAAGGGGC:'CAC 

l5B l6S 118 16S 198· 206 

AGTAGc:;.GGc:TG.;GG:CTGGACATATATA":"""...:;GTGACAATGAC:.TC::ACTTTGCC!~~c 
218 228 236 248 258 . 26S 

Pvu !I 
I 

l 5 10 
G V H S D I Q L T Q S P S S L S A S 

TCTCCACAGG'!GTC:ACTCCGACATC!"5';)""),;>.CCO.GAGCCCA;w::;;.GccTGAGCGCCA 
278 288 298 308 318 328 

CORl 
15 20 25 30 
V G D R V T I T C R A S G N I H N Y L A 

GCGrGGGTGACAGAGrG.;CCATCACCTGTAGAGC:::AGCGG'!'AACATCCACAACTACCTGG 
' 338 348 358 368 378 388 

c;)?.2 
35 40 45 50 
W Y Q Q K . P G K A P K L L I Y Y T T T L 

CTTGGTACCAGCAGAAGCCAGG':A:,GGCTCCAAAGCTGCTGAT:TACTACACCACC:.CCC 
398 408 418 428 438 448 

55 60 65 70 
A D G V P S R F S G S G S G T D F T F T 

TGGCTGACGGTGTGCCAAGCAGATTCAG:GGTAGCGGTAGCGGTA:CGACTTCACC:TCA 
458 468 478 488 498 508 

COR3 
75 BO 85 90 

I 5 S L O P E D I A T Y Y C O H F W S T 
CCATCAGCAGCCTCCAGCCAGAGGACATCGCCACC'tACTACTGCCAG::ACTTCTwAGCA 

518 526 538 548 558 568 

Bel I (requires dam- host) 
I 

95 100 105 108 
P R T F G O G T K V V I K R 

CCCCAAGGACGTTCGGCCAAGGGACCAAGGTGG~G;TCA~ACGTGAGTAGAATTT;.;iACT 
518 588 598 608 618 628 

Bam.'ll 
I 

'!'!'GCTTCCTCAGT~ 
638 648 FIG. 5 
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Sequence of 1'9rl VH 

Splice -1 
.j. G V H S 

;.:;GTGTCCACTCC 
1 PstI 10 20 
Q V Q L Q E S G T E L A S P G h S V T L 

CAGG7CC.J';;.~G.:..G7CAGGAACTGAGCTGGC:c;;.GTCCTGGG.:.:;..:c;.GTGAChCTG 
VrllBACK SITE 

30 CDR1 ·40 
SC KA s· G YT: T!D H ! ! Nit. V K KR 

TCCTGCAAGGCTTCTGGC'Z'ACACATTTACTGACCATATTATAA;..TTGGGTAAA;..AAG.;GG 
52a 53 OR2 

p G Q G L E w I G IR I y p V s G V T N YI 
CCTGGACAGGGCCTTGAGTGGATTGGAAGGATTTATCCAGTAAGTGG.GTAACTAACTAC 
60 cpR2 65 . 70 . 
I N o I< F ~'. GI I< A T F s v o R s s N T v Y 
AATCAAAA?.TTC1'.TGGGc.;;.GGCCACATTCTC7GTAGACCGGTCCTC:r.ACACAGTG7AC 
80 . 82A B C 83 90 CR:? 
M V L N s L T s E D p A V y y C G R !G :I 

ATGGTGTTGAACAGTCTGACATCTGAGGACCC7GCTGTCTATTACTG:'GGAAGGGGCT7T 
CDR3 103 BstEII Splice 

ID F D yj w G Q G T T V T V s s l 
GATITTG.;CTACTGGGGCC.!\.AGGG.ll.CCACGGTCACCGTCTCCTCAC-v:' ...••. 

V"rll:OR SITE 

Seq..ience of MSrl \'K 

c::-' ;,...e -1 
-:-rG v r. s 

A:;G':GTCCACTCC: 
l PvuII 10 20 
D I Q L T Q S P P S L T V S V G E R V T 

GACATT~;cc~.GTCTCC:.;CCATCCCTG.;CTGTGTCAGTAGG.;c;.;GAGGGTCACT 
VKlBAC:-< SITE 

27A E C D E F CDRl 
_Is C(K s No N LL w s G N RR Y c L GI 

ATCAGTTGCAAATCCAATCAGAATCTTTTATGGAGTGGAAACCGAA~'"TACTGTTTGGGC 
35 . 40 . 50 CDR2 
w HQ w K p G QT p T p LI TiK T s D RI 

TGGCACCAGTGGAAACCAGGGCAAACTCCTACACCGTTGATCACCTGGACATCTGATAGG 
60 70 

~G \T PD RF I GS GS VT D FT LT 
TTCTCTGGAGTCCCTGATCGTTTCATAGGCAGTGGATCTGTGACAGk.""TTCACTCTGACC 

80 90 CDR3 
Is s V QA ED VA Vy F C 010 H L D LI 

ATCAGCAGTGTGCAGGCTGAAGATGTGGCAGTTTATTTCTGTCA~CAlTTGGACCTT 
95 100 BglII/BclI Splice 
U:::::X:::TJ F G G G T K L .L.1.._ K i 
CCGTACACGTTCGGAGGGGGGACCAAGCTGGAGATCAAACGTGAG 

.VKlFOR SIT:: 

FIG. 6 
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LB..l 

KADAT IA 

AC1 
A09 
::03 
GOl 

PGLVK? SOS l..S!::: SVTGY S ! 
FGLVi-:?SOS::LTCS!TG:?! 
PGLV:{?S;;s:.SLTCSVTGYS! 
PG:V:4.?S0SLS1TCSV:~YS: 

KABAT IB 

A06 
2SG01 
2C3 
G03 
H09 
25Cl0 
Al2 
;..oe 
2::iCB 
AOj 
C07 
HO~ 

PVLVA?sos:.srr:::.:wso,s:.r 
PGLVQ?sos:.sir::::vsGFSLT 
PGLV;.J>SQSLSITC:VSG:S:.! 
PGLVQ?SOSLSI!C1VSG:Sl..! 
PVLVA??QSLS:!CTVSG:SL! 
PGLVA?SOSLsr:cr,sG:SL! 
PGl..Vn?SOSl..SI!:::1VSG:SL! 
PGLVA?SQS:.SITC!VSGFSL! 
FGLVAPSQSLSITC!VSG:SL! 
FGLVC?SOSLS!TC!VSGFSL! 
PV"~VA?SOSLS:rc!VSG:SL! 
PGLVAPSCSl..Si!:::!VSG,SL! 

KABAT HA 

::o( p;::.V:1.?GVSV:,ISCKGSGYtr: 
H07 · PE.L\r'f\?G\lSV:-<! S:KGS~'f7:": 

KABAT IIB 

A:2 
B04 
cos 
cog 
006 
008 
£:07 
GOS 
GlO 
25GC9 
:0( 
:!n 
r.:1 
25:CS 
eo1 
:OS 

AEL\~~~~SV:~ts:KA.SG~r:: 
Ai.!..\tc<r'~r\SV?C·~3:!l.ASGY!:"':' 
A!:.LV"i<PGAS'rr::.s::KASG'C'f! 
A!LVKPGASLKLSC!.<ASGY!:t 
ASLVK?Gr.s·r~SCKASGY!F! 
PELV"f.?GASVKI.SCKASGY!f! 
AELV"'is?GASV"I..LS:::KASG':'!F! 
PE:':..V:,G>G;.sV"z<l SCKASGYT:! 
A!LV"tG'GAS\~,<";s::KASG':'7:T 
AELVK?GASV".O:S:::Kr.SGYT:! 
r::LV"(.?GASVr::.scKASGY:r: 
A:::.LVKP:;.;SV",<'Z,.SCKASGY!,T 
A::Llr.1?GASV'KLSCKASGYT:! 
P;.LV?.r:i:"SV!1:'1S:KAS~YTFF 
AELV:'\?:;,',.SV:-('ISCKASGYTFT 
~t.V?.PGSSV:-<LSCKDSY:'.;F:~ 
A::t.V"l.?GASV:-<XSCKASG'!T:! 

KABAT Ill A 

25G05 
C!O 
B07 

GGLVQ;;;GSLSLS:;.ASG:!f! 
GG:VQ?C-GS!.St.S:AASGF!:! 
GGLVOPGvSLSi.SCAASGrrrr 

KABAT 111 D 

GCS GGLV"i<?GGSLKl..SCAASGf!FS 
Bl2 GGLVOPGE:SLKLSCESN::YE:P 
004 GGLVCPGGSLRLSC;.ASG,:rs 
DOS GGLVO?GGSLRLSCAASGF!:S 
Fl2 GGLVOPG::SWKLSCVIOQ•••• 
:06 GGLVOPGGSl..RLSCAASGF!FS 
002 GGLVOPGESLKLSC::St-.t:YVI? 
r"09 G:lLVY.PGGSLICSCAASGFT:S 

KABAT III C 

!:06 GGLVQ?GvS~::-<!.s:::;..;sG:T:S 

KABAT\' A 

co~ 

. 
£ C .. 

" • • . 
EP O 368 &84 Ai • 

• I 

5::;yy; .. ~ 
s~yy;,a 
s~~'!'tt1' 
S~Y'itw~ 

!-.:'GVt. 
Sl'GVH 
S':'GV:) 
SYG\/!! 
SYGVH 
S'!'.ArS 
SYAZS 
S't~rl 
S't:)V:, 
SYGV!! 
SYGV:! 
SYGVO 

C'!A.':..'i 
C'.:'A."Ji 

s~~ .. ":-:;-; 
S'!'.w':7 
S'!l'::--.H 
S'f'nY.'i 
sn;n 
S'!hY.'i 
CYE!'.H 
D'!'!::,; 
S'tJ\'XH 
!'!?'.::: 
SYt.Y .. ~ 
5y;.y_:; 
SY~':.,_!.! 
t:"!h'X'"z( 
SYW::r 
!s.'tA."Jl 
S'!';;!T 

CYYl".S 
O'!'~ 
DY'r.-lS 

OYG:•.H 
SHOXS 
SYA.~S 
S'!A.'lS 

SYA.~S 
•Hres 
SYG..~S 

o;..;~ 

£:Y!IH 

~i?.O!?C~KL£~~:; 
~:R:S?G:<?L::;,~~ 
~-:!R~E"PCSi<U:f~~ 
~-::Rcr?G~K:.!ft'X~ 

11\/RQ??GKGLEWLG 
~'VRQS?GKGU:WLG 
\;'~Q??GKGLEWLG 
~\\~OSPGKGLEWLG 
;..VR;;.:?GKGU:;,LG 
;,.•v;;.o?FGKGU:WLG 
;,.~J:<O?FGKGL.::W!;.G 
Wv~O?FGKGl.::ioi •" 
~'VRQS~KG:.Et.i.G 
WV~QS?GKGLEWLG 
WVRCP?GKGL::WLG 
WVR;.S?GKGLEWLG 

~V.-<:)Sf'.A..'<SLE:W!G 
'i,",,''f.CS!'X-<SLEW:G 

w-"':r::o~i='GCGL~~~rc 
kYf.Q~GQGLEW:G 
WVC\QR?GRGU:W!~ 
~V.-<:;R?GQGLEWIG 
WV:-<CRPGQG!.E:nG 
1-,V:{Q?J'GQGU:WIG 
IM<CTPVHGLEWIG 
\;'v.{QR?::;QGLEWI G 
;..ViVR.~:G!.£ft!:i 
t\''\1:-CC~RGKS!.!W!~ 
h·~::--<OR.?GCN IZ~I G 
A·1.·:-<QRPGCG~t:IG 
~·;:-<Q?.?GQGU:WIG 
W 'CR!'G:;GZ.E:WIG 
~ V"Q?.?::;o'.;LE.vi'l G 
~·:v:<CRPGHGLEW!G 
~v:.,::;;;pGQGLEW:G 

h\/RQ??GKALEiKG 
liVRCP?G!(A!ZWU. 
INRO?PGl<AU:W:..A 

l,"JilQAPtKGLtWVA 
tr-•.Ji(ir •••••••VA 
hVA •;.;>GKGLE"..NS 
h'VA •APGKGLEWVS 
t.'VRO•PEKJULLVA 
wVA • APGKGL£WS 
;.VRODSGE• U:LVA 
h".'RQtFDKil,Ltl.VA 

WVKQRSGQGi.EW!G 

FIG. 10a 

• 
• 

' ' < G 

. 
• • . . 

'f:S':'C~S~':':~?s:.:e-; 
~''.!:7HS~~7F~1'?SL:s 
YISYOGS1'"::YlsPSLKN 
YIS~CGSNNY~?SL~ 

VIWAGG!!NYNSA!..~S 
VIl>SGGSTDYNAA:IS 
V!WGGGS!NYNSA!..~S 
v:wsGGS!OYNAAFI s 
V!WAGGSTNYNSA:J-IS 
V:W7CGGT~":~SAi-KS 
Vl:,;:'GGG!:rtNSA!.i<S 
•••••GSTTrNSALKS 

VIWGGGS1":,Y~SALKS 
. VIAS~~STCYNAAF!S 

VlWAGGsr:,;y:,;sAL!-:S 
V!WGVGS!1'"YNS;J.KS 

V!STYYGDASY~cr.r:<e 
VIS!YYGCASY!::;K:Kt 

E:PPSCS'!T:-YSO:.:KG 
C !Y?GSGS!NY:;E:.:KS 
R!O?NSG-.TK'!'NEKFKS 
EINPS!s:iG!S'!DEK:KS 
OIYPGSGS!NYN::.'<:KS 
EINPSNG,..-rNYN::KFKS 
AIOPE!G:;:"AYNOK:KG 
WIY?GSGNTKYNEK:KG 
!l:i:?S:>S:lTNYt:O!<:KG 
N:HPYSD:>TKYNEK:KG 
is:N?S~GGTNYNOKFKG 
N!C?SCSE!:!YNC!<:IO 
E!DPSCSYTNYN•KVCC 
OIFPASGSIY~~XD 
C IY?GSGSTllYt:Er.:KS 
SF!XYS:lATE'!'.StN:KG 
o:'!'?GSGSr.-:YNE!G"KS 

riR.~KA.~GY!'T::YSASV"tG 
L:RF.KA.~GYTMEYSASV"tG 
LIRh'KA.~GYTTEYSASVl<G 

'!'!SSGSSTIYYAO!VKG 
AINSDGGSTYYPDTMER 
AISGSGGSTYYADSVXG 
AISGSGGSTYYADSVKG 
AINSDGGSTYYPDTM::R 
AISGSGGSTYYADSJJ<G 
AINSDGGSTYYPDT11!R 
!ISSGGSY,YYPOSV"tG 

'I 
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h: s rr~:-sr.~:::r.:-:tss·,tr"r!::-:;.::~ re;...~ 
P: S Z!?.!'!'S ~~·=-=: LOL!\ S\'!7£C':A. '!'!'ten~ 
R! S I',isn: SK.'/:;:,l.Ql.NSV7r::c:.;:':'':'CA..'< 
RZSI!RCTS:<::or:L::r..~;svn::::;..TY:n:;.:l 

RLSISi07SKSQV:L~ls:.o:c::;..vyyc;.._'( 
RLSISKDNSKS0V?f~S:.0A.DC7A:'i'!'CA..~ 
R£.S!Si'.JNSKSQV:!.l<!-::SS:..Qrcc:;...,:yyc;.._:.: 
Rl.SISi<!>NSKSQV::~s:..o.;oc:1'.:':''!'Cn."
Ri..SISiONSKSQV:LK)~S:..Q,OC:;.:-'.rn::.;: 
RLSISiONSKSQV:'!.~lSLQroc:r.."-':''!'Cr.."
Rl..S:i:Si()NSKSQ\/':Li'J·~:stc:cc:;...:-':''!CA.."
RLS!SKDNS?:SOV:Z.?:~ISLOTCCT) . .t{'f'fCA.W. 
Rl.S!SKDNSKSQV:L~SLO:oc:A:~'!CA.~ 
R!.S!SiONSKSQV?:'~~LQ.>J:O:A:':''!'CA..~ 
~LS~SKDNSKS0V?L~SLC7CC7;.:~~C~~ 
R:S ! S:0~SKSQV:"L:O-~SLC'i'DC7A.'-!Y~CAS 

KA Tr-r!VDKS S S:';.., '!:-~i.ARL ':'SEDSA\"Y''!:A..'!i 
Kl.!:-T/OKSSS7A':'~:!:!.ARL7S!'.DSAV':''!CA.."-

KAT! . .'I1l~KS S5 7A '!i'.•::t..s S LT S ~:)SA\'Y~:vR 
KA7~!'.~7SSSTA'!~JLSSL~sz:sA~Y:A..~ 
K.~7::V~¥PSS!~'!~:~SSL7SEJSA\~~:,;,.~ 
..:;r~"rVCKSSSrA~~:LSSL~srJSAV':'~C!~ 
KA :'LTIICTS s STA ':'~::;LS s r.:-s::os;..vn::.:.. .. 
f.ATLT'JDKSSS!A':'XOLSSr.:s::osAV':'':'CTI 
KAT:.TVDKSSS!A':'~::;LSSL,s::,s;.:J':'':'C;;.". 
KATLTIICTSSSTA':':-:-:;:.sst:s::osA\~Y:;...~ 
KJ>.T:.!VD:<sssr.:..::-mr.sst:s::ils.;vyyc;.r 
f.A7:.TVEKSSSTJ':':.:::..sR:..rs:,os.;V'!':':;..~ 
KATL1"vDKSS5TA':'!":0!.SSLTS::'.lSr.'v~':'::A.'< 
KA!L'IVOKSSS!r.Y!".O:.SSL!S::"JSAV'!'!::A..". 
KArLTVDKSSS,A~::;Z.SSL,SE!)SAVY!'CA." 
Y.AAAAvr;rsssrA~~;LSSLTS£~~AVYFCL· 
~T~1VCT:?SJ7A':'~:LSSL7SE0SASYYC,\.~ 
KATLTANTS557A':'~'.::LSSL7S::::>SAV':'':'C;.."
l'.AT:.TIIDTSSSTSY~:;LSSL:s::DSAV'!'!CA."-

R,:'!SRc:;soS!L'!'!.C:l,!:;..L?.,<Z::>SA:'!YCn.~ 
R:"'7ISRDNSOS! L':'::;:.~;1-.1.;;;.r.;;S.t,!':''!CAR 
R:TlSRONSOS~LY:.C~ALR.ArOSA7Y':'CA.."-

RFT!Si'.D:-A.'<.'/:":.n:;:-:;s:.RstD:'A.'l'!Y:AR 
RF! ISRDNTKXTI.Y!.0.'lSSLRSE:DTAI.l"tCAil 
RFTISRDNSKN1'LYL=:<!NSLi'.A£DTAVYYCAD 
RFTISRDNSKNTLYLC':1NS!.AAEDTAVY':!CAK 
R!'!jSRZJNSKKTLYLC1o/SSLR5!0TA!.YYCI..Q 
R!'T ISRDNSKt,7LYL';."·!NSLAA!'DTAVYYCAK 
R!'IIS.-:WNTK.'-:TLY:.CX5SLRSE:DTA!.Y.YCAA 
R:TISiON~!LYL:~s SLKSt07A.'rr':'CAA 

KA,:.r;..:,xsss~:~:.SRLTSWSAvYfCAA 

EP ~368 684 A\ . . . 

ORDKL:;p;..;,;y 
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VSSG':'ES~':' 

::c;ss~':To~ 
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IGC':'C':'ORG':'YYA.'DY 
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D nt. 
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28 nt. 
:n r.t. 
32 nt. 

<O r.t. 
22 nt. 

;;c:.7':'.h .. 'OY 
':'\fSN~:'DY 
?~: . .;:;r.':'Y':'~".DV 

SSGYD':' 
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EV?GG:YATDY 
~::rl''!GSs:.;.7 AY 
rNV~D'f 
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FIG. 10 b 
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!CABAT P.UMAN V.Bl 

l:'.AQKFQG 
GYAQKFQG 

AA.SAT P.UMAN VB2 

KHQLQ?S!.!<S 
KS 

SLKS 

KABA': BUMAN V.B3 

EP O ~68 6$4 A1: 

STSTAYMELRSLRSEDTAVVYCAR GEGWDt!:DY 
RVTIRR.~~STSTAYMELSSLRSEDTAVYYCAR GSRYGYOCSGYYYL 
RVT~:TR."7S!STATt-SLSSLRSEDT;..VYYCAR I.;..HFSGSPVDWFD? 

RVTISVDTSKNO:SLKLSS,7.;;.DTAVYYCAR GGVVPAAI~V 
RVTISV!)TSKNQFSLKLSS\'TAADTAVYYc,;.~ ~.r.RYYDfWSGYSAYYOY 
RLSISQ~7SRNQFSLRLSSVTAADTAVYYCAR nR."IWGSPVHFDY 

ESTSTAYMELSSL.<!SEDTAVYYCAR DSYGOYGGHY 

ISYITSSSSYT~YADS\~iG R.<"TISRD~AKNSLYLQ!-!NSL.~DTAVYYCAR DGR:GTYSPSDY 
SV-1.G R.<"TIS;DDSKSIAYLOVNSLKTEDTAVYYCTR T!YYDSSGYPYW 

YADSV:-<G RE'TISR:>:,;..i-:NSLFLQ!-'.SS!..?..AE:DTAFYYCAR G!ALOAFOI 
'l'YADSVRD R:"TISRDNSKNTLYLO~lSL.'\Af:OTAVYYCA.X 53 NT. U:-:?ROO P£!..RR 

OSV"iG R:""'TIS?.:lSA.'<NSLYLO~SL?.:>EOTAVYYCAR OHSGTGG,jGSGSYF 
VSA!SGSGGSTYYADSV"iG RFTISRDNPK?,,"1'LYLQMNSLRSEDTAVYYCAR l<DNLW,D? 

AVISYDGSNKYYADSV"iG R:""'TISRD~S!!NTLYLOMNS!..~~.EDTAVYYCAR DLGGRGVVVVPA?GGRSIYYYG~.DV 
~;V!SYDGSt,,"KYYA!JSV::,:; R:""'TISRD::SKNTLYLQ~SL.v-.EOTAVYYCAS LEGIG7!YYYGMDV 

Al(NSLYLQ~SL;;.;..zOTAVYYCVR OOSSSWPKHFOH 
OYAASV"iG RFT1SRDOS!CNSLYLQ~SU..'7EDTAVYYCVR SGVVPYLDY 

KNo;.,;; FAMILY 

FIG. 11 

AVYYCAR OPRIA.!.R.?DYYYYMOV 
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EP O B68 684 A1: . . 

. ·- -·· 

:"':_i R1 ':",l? 

YTFT SYGIS W'v'TTG?:..'TRD:.?.h"MG 
GEKPGSSV::VSCKASGYTFT DYF!>!N h'MRQAPGQRLE"n'!-:G 

QVQLQEIG?RTGEASETLSLICAVSGDSIS SGNl'i*I v.VRQ?PGKGLEWIG 
QVQLQESG?GLVK*SETLSLTC'!VSGGSIS SYi'WS Wir~pGKGLEWIG 

GYTFT NYC!-1-':! WVRQ:>F.A~LE"n"MG 
QVQLQESG?GLVKpSETLSLYCAVSGDS!S SGN',.;"I WVRQPPGKGLEWIG 

G?RLGEASETLSL!C:VSGGSIS SSSYYw WIRQi??GKGL::WIG 
QVQLQESG?GLV"~pSETLSLTCTVSGGSIS SYY1'1S WIRQ?PGKGLEWIG 

LSLICAVSGSSIS SG~''W"! vNRQ??GKGLEWIG 
SETLSLTCAVYGGSFS GYYWS WI:l.Q?PGKGLEWIG 

QVQLVQSGAEV"iC-<?GASV:-<VSCKASGYTFT h"YQlH v:\l'RQV"'J.AQG!.EWMG 
SETLSL!CAVSGDSIS SGt,.'W•I WVRQ?PGKGLEWIG 

SRAQrGEASETLSLTC:VSGGSIS sssrr..:G WIRQ?PGKGLEW!G 
CPLTCTVSGGSVSSGS YYWS WIRQP?GKGLEWIG 

GLV-.t<?SETLSLTCTVSGGSIS SYYWS WIGSPpGKGLEWIG 
SFETLSL!CAVSGDSIS SGN",1*! 'l\'VRQPPGKGLEWIG 

QVQLVQSGAEV"iC-<?GSSV:-<VSCKASGGTFS SYAIS· hVRQAPGQGLE'n~G 
QVQLQQ:\'GAGLLK?SETLS!.TCAVYGGSFS GYi'WS WIRQ?PGKGLEKIG 
QLQLQESG?G!.V:-<?SETLS!.TCTVSGGSIS SSSYYWG 'W!RQ?PG:<GLEWIG 

G?GLV:-2SQTLSLTCTvSGGS!S SGGYYWS K:RQ'.'IPGKGLE,HG 

• ir.dicates sto? coder. ( u~su=e as seq-Jenee :enains in f=arne) 
• sequence te::::::onates d~e to i~ter~al rest:iction site 1 

lower case denotes fra~e shift 

·WISAYNG~"TNYAQKLQG 
WINAGNG~'TK':'SQKLQG 
EIHHSGSTYYN?SLKS 
RIYTSGSTNYN?SLKS 
LVC?SDGSTSYAQ:<FQA 
EIHHSGSTYYN?SLKS 
EINHSGS~'?SLKS 
YIYYSGSTNTh"?SLKS 
EIEHSGSTYYNPSLKS 
EINHSGSTNTh"?SLKS 
LVCPSDGSTSYAQKFQA 
EIHHSGSTYYN?SLKS 
SIYYSGSTYYN?SLKS 
YIYYSGSTN'fh'PSLKS 
RIYTSGSTt..'YNPSLKS 
EIHP.SGSTYYN?SLKS 

. RIIPILGIANYAQKFQG 
EINHSGSTNYNPSLYS 
E!NHSGSl1\'YNPSLKS 
YIYYSGSTYYN?SL.'<S 

RVTHTTi:>TSTS7AY!>~LRSLRSDDTAVf.YCAR 
RVT!TRDTSASTAY~Q!.SSLPSEDTAVYYCA.~ 
R!TMSVDTSKNQ:YLKLSS• 
RVTISVDTSKNQ:SLia.SSVTAADTAVYYCAR 
RVTITRDTS!1STAYMELSSLRSEDTAMYYCAR 
RITMSVDTSKNQFYLia.SS• 
RVTISVDTSKNQFSLKLSS• 
RVTISVDTSKNQFSLKLSS• 
RITMSVDTSKNQFYLKLSS• 
RVTISVDTSKNQFSLKI..SSVTAADTAVYYCAR 
RVTITRDTSMSTAYMELSSLPSEDTAMYYCAR 
RI!MSVDTSKNQ:YLia.SS• 
RVTIPVDTSKNQ:SLia.SS• 
RV':ISVDTSKNQFSLKLSSVTAADTAVYYCAR 
RVTMSVDTSKNQFSLKLSS• 
RITMSVDTSKNQFYLKLSS• 
RVT!TADKSTSTAYMELSSLRSEDTAVYYCAR 
RVTISVDTSKNQFSLKLSS• 
RVTISVDTS!<NQFSLKLSS• 
RVTISVDTSKNQFSLKLSSVTAADTAVYYCA.~ 

FIG. 12 

CDR3 
DTVSS 
D'IVSS 

DTVSS 
D'IVSS 

OTVSS 
D'IVSS 

OTVSS 

DTVS 
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EP O 368 684 A 1 • 

psva 

Hind!:! site J..AGCTT 

M K Y L L P T A A 
GCATGCAA.?-.TTCTATT'l'CAAGGAGACAGTCATAATGAAATACCTATTGCCTACGGCAGCC 

10 20 30 40 50 60 

A G L L L L A A Q P A M A Q V Q L Q E ·S 
GCTGGATTGT7AITACTCGCTGCC:::AACCAGCGATGGCCCAGGTGCAGCTGCAGGAGTCA 

70 - 80 90 100 110 120 

G P G L V A P S Q S L S ! ·T C T V S G F 
GGACCTGGCCTGGTGGCGCCCTCACAGAGCCTGTCCATCACATGCACCGTCTCAGGGTTC 

130 140 150 160 170 180 

S L T G Y G V N W V R Q P ? G K G L E W 
TCATTAACCGGCTATGGTGTAA.;CTGGGTTCGCCAGCCTCCAGGAAAGGGTCTGGAGTGG 

190 200 210 220 230 240 

L G . M I W G D G N T D Y N S A L K S R L 
CTGGG;.ATGATITGGGGTG.;:-G::;.;;.;.c;..c;;G.;c:rATAATTCAGCTC'rCAAATCCAGACTG 

250 260 270 280 290 300 

S I S K D N S K S Q V F L K M N S L H T 
AGCA7CAGCAAGGACAACTCCAAGAGcc;.;.GTTTTC'rTAAAAATGAACAGTCTGCACACT 

310 320 330 340 350 360 

0 D T A R Y Y C A ~ E R D Y R L D Y W G 
GATGACACAGCCAGGTACTACTGTGCCAGAGAGAGAGATTATAGGCTTGACTACTGGGGC 

370 380 390 . 400 410 420 

QGTTVTVSS SmaI 
CAAGGCACCACGGTCACCGTCTCCTCATAATAAGAGCTAT~CTAAGCTCGAATTC 

430 440 450 460 470 480 

FIG. 13 
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pSv.2 

F.inc!!I MGCTT 

M K Y L L P T A A 
GCATGCAAATTCTATTTCAAGGAGACAGTCATr_;rGAAATACCTATTGCCTACGC.(;AGCC 

10 20 30 40 50 60 

A G L L L ~ A A Q P A M A O V O L O E S 
GCTGGATTGTTAT'l'ACTCGCTGCCCAACCAGCGATGGCCCAGGTGCAGCTGCAG~;GTCA 

70 80 90 100 110 120 

GP G'L VA PS Q S ~ S T C T V S G F 
GGACCTGGCCTGGTGGCGCCCTCACAGAGCCTGTCCATCACATGCACCGTCTCAGGGTTC 

130 140 150 160 170 180 

S L T G Y G V N W V R Q F P G K G L E W 
TCATTAACCGGCTATGGTGT~~.AC!GGGTTCGCCAGCCTCCAGG.:..AAGGGTCTGGAGTGG 

190 200 210 220 230 240 

L G M I W G D G N T D Y N S A L K S R L 
CTGGGAATGATTTGGGGTGATGG,;..;.;cACAGACTATAAT'l'CAGCTCTCAAATCCAGACTG 

250 260 270 280 290 300 

S I S K D N S :. S Q V F L K P. N S L H T 
AGCATCAGCAAGGACAACTCCAAGAGCCAAGTTTTCTTAAAAATGAACAGTCTGCACACT 

310 320 330 340 350 360 

D D T A R Y Y C A R E R D Y R L D Y W G 
GATGACACAGCCAGGTACTAC!GTGCCAGAGAGAGAGATTATAGGCTTGACTAC!GGGGC 

370 380 390 400 410 420 

Q G T T ·V T V S S 
CA.;GGCACCACGG!CACCGTCTCCTCATA.;r;...;GAGCTCGAATTCGCCAAGCTTGCATGC 

430 440 450 460 470 480 

H K Y L L F T A A A G 
AAATTCTATTTCAAGGAGACAGTCAT,;.;rG;...~;TACCTATTGCCTACGGCAGCCGCTGGA 

490 500 510 520 530 540 

L L L L A A O P A M A D I V L T Q S P A 
TTGTTATTACTCGCTGCCCAACCAGCGATGGCCGACATCGTCCTGACTCAGTCTCCAGCC 

550 560 570 580 590 600 

S L S A S V G - T V T I T C R A S G N . I 
TCCCTTTCTGCGTCTGTGC-{;AGAAACTGTCACCATCACATGTCGAGCAAGTGGGAATATT 

610 620 630 640 650 660 

H N Y L A W Y Q Q K Q G K S F Q L L V Y 
CACAATTATTTAGCATGGTATCAGCAGAAACAGGGi\AAATCTCCTCAGCTCCTGGTCTAT 

670 680 690 700 710 720 

FIG. 14 a 
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Y T T T L A D G V P S R F S G S G S G T 
TATA:AACAACCTTAGCAGATGGTGTGCCATCAAGGTTCAGTGGChGTGGATCAGGAACh 

730 740 750 760 770 780 

Q Y S L K ~ N S L Q P E ·o F G S Y Y C 0 
CAATA'!'TCTCTCAAGATCAACAGCCTGCAACCTGAAGATTTTGGGAGTTATTACTGTCAA 

790 800 810 820 830 840 

S F W S T F R T F G G G T K L ~- I K R 
CATTTTTGGAGTACTCCTCGGACGTTCGGTGGAGGCACCAAGCTGGAAATCAAA:GGT;.A 

eso 860 870 880 890 900 

TAAGAGCTCGAATTC 
910 

pSWlr.?OL~C 

Hinc!!I site AAGCTT 

FIG. 14 b 

M K Y L L P T A A 
GCATGCAAATTCTATTTCAAGGAGACAGTCATA.;TG.;A.;TACCTATTGCCTACGGCAGCC 

10. 20 30 40 50 60 

A G .L L L L A A Q P A M A Q V Q L Q 
GCTGGATTGTTATTACTCGCTGCCCAACCAGCGATGGCCCAGGTGCAGC'l'GCAG 

70 80 90 100 110 PstI 

Poly linker 
TCTAGA GTCGAC CTCGAG 

Xba! Sal I XhoI 

MYC PEPTIDE 
V T V S S t O K L I S ~ E P L N * * 

GGTCACCGTCTCCTCAGAACAAAAACTCATCTCAGAAGAGGATCTGAATTAATAA 
BstEII 

GGGCThAGCTCGAATT: 

FIG.15 
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l t 49 

VE3 
VHS 
VE-Dl.3 

QVQLQESGPELVKPGASV:<MSCKASGYTFT 
QVQLQESGPELVKPGASVKMSCKASGYTFT 
QVQLKESG?GLVAPSQSLSITCTVSGFSLT 

CDRl 

S~Ji 
SYVMH 
GYGVN 

WV-:<QKPGAGLEWIG 
WVKQKPGQGLEWIG 
WVRQPPGKGLEWLG 

VE3 
VHS 
VE-Dl.3 

VH3 

50 t CDR2 

YINPYNDGTKYNEKFKG 
YINPYNDGSKYNEK:KG 
MI'l'l G~GNTDYNSALKS 

95 CDR3 

f f f f94 

KATLTSDKSSSTAYMELSSLTSEDSAVYYCAV 
KATLTADKSSNTAYMQLSSLTSEDSAVYYCAR 
RLSISKDNSKSQVFLKMNSLHTDDTARYYCAR 

VHS 
VH-Dl.3 

LLLRYFFDY 
GAVVSYYAMDY 
ERDYRLDY 

113 

WGQGTTVTVSS 
;.;GQGTTVTVSS 
WGQGTTLTVSS 

FIG. 16 

FR1 OVOLOESGGGLVOPGGSLRLSCAASGFTFS 

SYAMS CDR1 
FR2 WVROAPGKGLEWVS 

AISGSGGSTYYADSVKG CDR2 

FR3 RFTISRDNSKNTL YLOMNSLRAEDTA VYYCAM 

WRGIATPVSFDLGYFDY CDR3 

FIG. 17 
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Pstl BstEll 
~ ~ 

~-------~ 
rearranged VH genes 

from immunised mouse 
spleen DNA 

~ ~ua J 

pSW1 HPOLYMYC 

II-
repertoire of expressed 

VH domains from spleen 

• • • • t t . ' . . 
EP O 3~8 684 A1 : . . . . . . 

• 

Pstl 

. 

CDR3 BstEII 
~ 

1-1 r-
VH01.3 gene 

PCR amplify rearranged VH genes or 
VHD1 .3. Excise VH band from gel. 

Clone into vector for expression of VH 
domains in· E.coli 

~ -- -~u -- -
pSW1HPOLY 

I I ~ 
repertoire of expressed 

VH domains with mutant 
CDR3 regions 

Assay for binding to antigen 

FIG. 18 

• 

BIOEPIS EX. 1002 
Page 4073



. -

. ) _, 

) 

. . .. . . . I . . . 
EP O ~68 6~4 A1 . . . . 

·---· .. 

pSW2HPOLY 

P.in::iI!! h.?,.GCTT 

M K y L L p T A "A 
GCATGCA.~;TTCTATTTCAAGGAGACAGTCATAATGAAATACCTATTGCCTACGGCAGCC 

10 20 30 40 5~ 60 

A G L L L L A A Q P A M A Q V Q L Q 
GCTGGATTGTTATTACTCGCTGCCCAACCAGCGATGGCCCAGGTGCAGCTGCAG 

70 80 90 100 110 PstI 

TCTAGA GTCGAC CTCGAG 
Y..baI Sall XhoI 

V T V S S 
GGTCACCGTCTCC!CATAATAAGAGCTCGAA'!'TCGCCAAGCTTGCATGC 
BstE!I 430 440 450 460 470 480 

M K Y L L P T A A A G 
A.~TTCTATTTCAAGGAGACAGTCATA]-.TGAAATACCTATTGCCTACGGCAGCCC-CTGGA 

~90 500 510 520 530 540 

L L L L A A Q P A M A D I V L T Q S P ·A 
TTGTTATTACTCGCTGCCCAACCAGCGATGGCCGACATCGTCCTGACTCAGTCTCCAGCC 

550 560 570 580 590- 600 

s L S A s V G :' V T I T C R A s G N I 
~CCCT7TC7G:G7CTGTGGGnG~C~GTCACCATCACATGTCGAGCr..AGTGGG.AAThTT 

610 620 630 640 650 660 

H N Y L ·A W Y Q Q K Q G K S P Q L L V Y 
CACAATTA~TTAGCATGGTATCAGCA~;AACAGGG,'AA;TCTCCTCAGCTCCTGGTCTAT 

670 680 690 700 710 720 

Y T T T L A D G V P S R F S G S G S G T 
TATACAACAACCTTAGCAGATGGTGTGCCATCAAGGTTCAGTGGCAGTGGATCAGGAACA 

730 740 750 760 770 780 

Q Y S L K I N S L Q P E D F G S Y Y C 0 
CAATATTCTCTCAAGATCAACAGCCTGCAACCTGAAGA'!'TTTGGGAGTTATTACTGTCAA 

790 800 810 820 830 840 

H F W S T ? R T F G G G T K L Z ! K R 
CATTTTTGGAGTACTCCTCGGACGTTCGGTGGAGGCACCAAGCTGGAAATCAAACGGTAA 

850 860 870 880 890 900 

TAAGAGCTCGAATTC 
910 

FIG. 19 

' . 

• 

BIOEPIS EX. 1002 
Page 4074



.j 

• • 4- f ' I -. • 

M !< Y L L P T 
AAGCTTGCATG::::;..;.;,.TTCTATTTCAAGGAGACAGTCATAATGAAATACC!ATTGCCTACG 

10 20 30 40 50 60 

A A A G L L L L A A Q P A M A Q V Q L Q 
GCAGCCGCTGGATTGTTATTACTCGCTGCCCAACCAGCGATGGCCCAGGTGCAGCTGCAG 

70 80 90 100 110 120 

E S G P G L V A P S Q S L S I T C T V S 
GAGTCAGGACCTGGCCTGGTGGCGCCCTCACAGAGCCTGTCCATCACATGCACCGTCTCA 

130 140 150 160 170 180 

G F S L T G Y G V N W V R Q P P G K G L 
GGGTTCTCATTAACCGGCTATGGTGT;...;ACTGGGTTCGCCAGCCTCCAG~GGGTCTG 

· 190 200 210 220 230 240 

E W L G M I W G D G N T D Y N S A L K S 
GAGTGGCTGGGAATGATTTGGGGTGATGGAAACACAGACTATAATTCAGCTCTC.?,AATCC 

250 260 270 280 290 300 

R L S I S K D N S K S Q V F L K M N S L 
AGACTGAGCATCAGCAAGGACA;;.CTCC~-~GAGCCAAGTTTTCTT~TGAACAGTCTG 

310 320 330 340 350 360 

H T D D T A R Y Y C A R E R D Y R L D Y 
CACACTGATGACACAGCC.;GGTACTACTGTGCCAGAGAGAGAGATTATAGGC~G.;CTAC 

370 380 390 400 410 420 

W G Q G T T V T V S S G G G A P A· A A P 
TGGGGCCAAGGCACCACGGTCACCGTCTCCTCAGGTGGTGGTGCTCCAGCAGCTGCACCT 

430 440 450 460 470 480 

A G G G Q V Q L K E S G P G L V A P S Q 
GCTGGAGGAGGACAGGTGCAGCTG;.;..GGAGTCAG~;CCTGGCCTGGTGGCGCCCTCACAG 

490 500 510. 520 530 540 

S L S I T C T V S G F S L T G Y G V N W 
AGCCTGTCCATCACATGCACCGTCTCAGGGTTCTCATTAACCGGCTATGGTGTA;;.ACTGG 

550 560 570 580 590 600 

V R Q P P G K G L E W L G M I W G D G N 
GTTCGCCAGCCTCCAGGAAAGGGTCTGGAGTGGCTGGGAATGATTTGGGGTGATGG?.AAC 

610 620 630 640 650 660 

T D Y N S A L K S R L S I S K D N S K S 
ACAGACTATAATTCAGCTCTCAAATCCAGACTGAGCATCAGCAAGGACAACTCCAAGAGC 

670 680 690 700 710 720 

Q V F L K M N S L H T D D T A R Y Y C A 
CAAGTTTTCTTAAAAATGAACAGTCTGCACACTGATGACACAGCCAGGTACTACTGTGCC 

730 740 750 760 770 780 

R E R D Y R L D Y W G Q G T T V T V S S 
AGAGAGAGAGATTATAGGCTTGACTACTGGGGCCAAGGCACCACGGTCACCGTCTCCTCA 

790 800 810 820 830 840 
• • 

TAATAAGAGCTC 
850 

FIG. 20 
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M K Y L L P T A A 
GCATGCA.l\ATTCTr.TTTCF-~GGAGACAGTCATAATGAJ-.ATr.CCTATTGCCTACGGCAGCC 

10 20 30 40 50 60 

A G L L L L A A Q P A M A Q V Q ~ Q E S 
GCTGGATTGTTATTACTCGCTGCCCAACCAGCGATGGCCCAGGTGCAGCTGCAGGAGTCA 

70 80 90 100 110 120 

G P G L V A P S Q S L S I T C T V S G F 
GGACCTGGCCTGGTGGCGCCCTCACAGAGCCTGTCCATCACATGCACCGTCTCAGGGTTC 

130 140 150 160 170 180 

S L T G Y G _V N W V R Q P P G K G L E W 
TCATTAACCGGCTATGGTGTAAACTGGGTTCGCCAGCCTCCAGGA.l\AGGGTCTGGAGTGG 

190 200 210 220 230 240 

L G M I W G D G N T D Y N S A L K S R L 
CTGGGAATGATTTGGGGTGATGGAAACACAGACTATAATTCAGCTCTCAhATCCAGACTG 

250 260 270 280 290 300 

S I S K D N S K S Q V F L K M N S L H T 
AGCATCAGCAAGGACA.~CTCCAAGAGCCAAGTTTTCTTAAA.l\ATGAACAGTCTGCACACT 

310 320 330 340 350 360 

D D T A R Y Y C A R E R D Y R L D Y W G 
GATGACACAGCCAGGTACTACTGTGCCAGAGAGAGAGATTATAGGCTTGACTACTGGGGC 

370 380 390 400 no 420 

Q G T T V T V S S R T P E M P V L E N R 
CAAGGCACCACGGTCACCGTCTCCTCACGGACACCAGAAATGCCTGTTCTGGAAP-.ACCGG 

00 440 450 460 ·00 480 

A A Q G D I T A P G G A R R L T G D Q T 
GCTGCTCAGGGCGATATTACTGCACCCGGCGGTGCTCGCCGTTTAACGGGTGATCAGACT 

490 500 510 . 520 530 540 

A AL RDS LS DK PAK NI I.LL I G 
GCCGCTCTGCGTr.ATTCTCTTAGCGATAAACCTGCAAAAAATATTATTTTGCTGATTGGC 

550 560 570 . 580 590 600 

D G M G D S E I T A A R N Y A E G ·A G G 
GATGGGATGGGGGACTCGGAAATTACTGCCGCACGTAATTATGCCGAAGGTGCGGGCGGC 

610 620 630 640 650 660 

F F K G I D A L P L T G Q Y T H Y A L N 
TTTTTTAAAGGTATAGATGCCTTACCGCTTACCGGGCAATACACTCACTATGCGCTGAAT 

670 680 690 7d0 710 . 720 

K K T G K P D Y V T D S A A S A T A W S 
A.~_l\ACCGGCAAACCGGACTACGTCACCGACTCGGCTGCATCAGCA.~CCGCCTGGTCA 

730 740 750 760 170 780 

FIG. 21 a 
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T G V K T Y N G A L G V D I P. E K D H P 
ACCGGTGTCA.r.A.~CCTATAACGGCGCGCTGGGCGTCGATATTCACG~~:-V.GATCACCCA 

790 BOO 810 · 620 630 6-;C 

T I L E M A K A A G L A T G N V S T A E 
ACGATTCTGG~.AATGGCAA.V.GCCGCAGGTCTGGCGACCGGTAACGTTTCTACCGCAGAG 

850 860 670 . 880 890 900 

L Q D A T P A A L V A H V T S R K C Y G 
TTGCAGGATGCCACGCCCGCTGCGCTGGTGGCACATGTGACCTCGCGCAAATGCTACGGT 

910 920 930 9~0 950 960 

P S A T S E K C P G N A L E K G G K G S 
CCGAGCGCGACCAGTGA.t,A.?,.~TGTCCGGGTAACGCTCTGGAAAAAGGCGGAAAAGGATCG 

970 980· 990 1000 1010 1020 

I T E Q L L N A R A D V T L G G G A K T 
ATTACCGAACAGCTGCTT~.ACGCTCGTGCCGACGTTACGCTTGGCGGCGGCGCAAAAACC 

1030 1040 1050 1060 1070 1080 

F·A E T AT AGE W Q.G KT LR E QA Q 
TTTGCTGAAACGGCAACCGCTGGTGAATGGCAGGGA.~.CGCTGCGTGAACAGGCACAG 

1090 1100 1110 1120 1130 11.;o 

AR G. Y Q L V. S DA AS L NS VT EA N 
GCGCGTGGTTATCAGTTGGTGAGCGATGCTGCCTCACTGAATTCGGTGACGGAAGCGAAT 

1150 1160 1170 1180 1190 ·1200 

Q Q K P L L G L F A D G N M P V R W L G 
CAGCAAAA.ACCCCTGCTTGGCCTGTTTGCTGACGGCAATATGCCAGTGCGCTGGCTAGGA 

1210 1220 1230 12.;o 1250 1260 

P K A T Y P. G N I D K P A V T C T P N P 
CCGAAAGCAACGTACCATGGCAATATCGATAAGCCCGCAGTCACCTGTACGCCAAATCCG 

1270 1280 1290 1300 1310 1320 

QR ND S VP T L'A QM TDK A! ELL 
CAACGTAATGACAGTGTACCAACCCTGGCGCAGATGACCGACAAAGCCATTGAATTGTTG 

1330 1340 1350 1360 1370 1380 

S K N E K G F F L Q V E G A S I D K Q D 
AGTAAAAATGAGAAAGGCTTTTTCCTGCAAGTTGAAGGTGCGTCAATCGATAAACAGGAT 

1390' 1400 1410 1420 1430 1440 

H A A N P C G Q I G E T V D L D E A V Q 
CATGCTGCGAATCCTTGTGGGCAAATTGGCGAGACGGTCGATCTCGATGAAGCCGTACAA 

1450 1460 1470 1~80 1490 1500 

R A L. E F A K K E G · N T L V ! V T A D H 
CGGGCGCTGGAATTCGCTAAAAAGGAGGGTAACACGCTGGTCATAGTCACCGCTGATCAC 

1510 1520 1530 15~0 1550 1560 

FIG. 21b 
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A H A S Q I V A P D T K ~ P G L T Q A L 
GCCCACGCCAGCCAGATTGTTGCGCCGGATACCAAAGCTCCGGGCCTCACCCAGGCGCTA 

1570 1580 1590 1600 1610 1620 

N T K D G A V M V H S Y G N S E E D S Q 
AATACCI-...JV..GATGGCGCAGTGATGGTGATGAGTTACGGGAACTCCGA.~GAGGATTCACAA 

1630 1640 1650 1660 1670 1660 

E H T G S Q L R ! A A Y G P H A A N V V 
GA..~CATACCGGCAGTCAGTTGCG7ATTGCGGCGTATGGCCCGCATGCCGCCAATGTTGTT 

1690 1700 1710 1720 1730 1740 

G L T D Q T D ~ F Y T M K A A L G L K * 
GGACTGACCGACCAGACCGATCTCTTCTACACCATGAAAGCCGCTCTGGGGCTGAAATAA 

1750 1760 1770 . i780 1790 1800 

~.ACCGCGCCCGGGAGTG~.ATTTTCGCTGCCGGGTGGTTTTTTTGCTGTTAGC 
1810 1820 163G 1840. 2850 

FIG. 21 c 
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M K Y L L P 7 A A 
GCATGCAAATTCTATTTCMGGAGACAGTCATAATGAAATACCTAT'!'GCC'rJ..CGGCAGCC 

10 20 30 40 50 60 

A G L L L L A A. Q P A M A Q V Q L Q E S 
GCTGGATTGTTATTACTCGCTGCCC.1>.ACCAGCGATGGCCCAGGTGCAGCTGCAGGAGTCA 

70 80 90 100 110 120 

G P G L V A P S Q S L S I T C T V S G F 
GGACCTGGCCTGGTGGCGCCCTCACAGAGCCTGTCCATCACATGCACCGTCTCAGGGTTC 

130 140 150 160 170 180 

S L T G Y G V N W V R Q P P G K G L E W 
TCATTAACCGGCTATGGTGTI>~~CTGGGTTCGCCAGCCTCCAGGAAAGGGTCTGGAGTGG 

190 200 210 220 230 240 

L G M I W G D G N T D Y N S A L K S R L 
CTGGGAATGATTTGGGGTGATGG~.ACACAGACThTAATTCAGCTCTCA..r.ATCCAGACTG 

250 260 270 280 290 300 

S I S K D N S K S Q V F L K M N S L H T 
AGCATCAGCAAGGACAACTCCAAGAGCCAAGTTTTCTTAAAAATGAACAGTCTGCACACT 

310 320 330. 340 350 360 

D D T A R Y Y C A R E R D Y R L D Y W G 
GATGACACAGCCAGGTACTACTGTGCCAGAGAGAGAGATTATAGGCTTGnCTACTGGGGC 

370 380 390 400 410 420 

Q G T T V. T V S S * * 
CA.AGGCACCACGGTCACCGTCTCCTCATAATAAGAGCTATCCCGGGAGCTTGCATGC1>.AA 

430 440 450 460 470 480 

M K Y L L P T A A A G ~ 
TTCTATTTCAAGGAGACAGTCATAATGAAATACCTATTGCCTACGGCAGCCGCTGGATTG 

490 500 510 520 530 540 

L .L L A A Q P A M A D I ·E L V D L E I K 
TTATTACTCGCTGCCCAACCAGCGATGGCCGACATCGAGCTCGTCGACCTCGAGATCAAA 

550 . 560 570 580 590 600 

R E Q K L I S E E D L N * * 
CGGGAACAAAAACTCATCTCAGAAGAGGATCTGAATTAATAATGATCAAACGGTAATAAG 

610 620 630 640 650 660 

GATCCAGCTCGAATTC 
670 

FIG. 22 
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A 
Q V Q L Q E S G P G L. V Q P S Q S L S I 

CAGGTGCAGCTGCAGGAGTCAGGACCTGGCCTAGTGCAGCCCTCACAGAGCCTGTCCATC 

10 20 30 40 50 60 

G N P 
T C T V S G F S L T S Y G V H W V R Q S 

ACCTGCACAGTCTCTGGTTTCTCATTAACTAGCTATGGTGTACACTGGGTTCGCCAGTCT 
r C 

70 80 90 100 110 120 

P G K G L E W L G M I W G. ri G N T D Y N 
CCJi.GGAA.;GGGTCTGGAGTGGCTGGGAATGATTTGGGGTG.;TG~CACAGACTATAAT 

130 140 150 160 170 180 

S A L K S R L S I S K D N S K S O V F L 
TCAGCTCTCAAATCCAGACTGAGCATCAGCAAGGACAACTCCAAGAGCCAAGTTTTCTTA 

190 200 210 220 230 240 

K M N S L H T D D T A R Y Y C A R ! R D 
AAAATG.?v-.C~GTCTGCACACTGATGACACAGCCAGGTACTACTGTGCCAGAGAGAGAGAT 

250 260 270 280 290 300 

Y R L D Y W G Q G T T V T V S S 
TATAGGCTTGACTACTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA 

310 320 330 340 

FIG. 23 

• 

BIOEPIS EX. 1002 
Page 4080



• 

s: 

.. ' • . I < I 

- ' "- ~ f • i • 

E.urope~?_Patent 
Office --::.--:-· 

• • 
~ . 

. EURO PL~"\ SE,.\RQi_REPORT 
--. • & 

DOCUMENTS CONSIDERED TO BE RELEVANT 

• t • t ; 

Applic:uioo ~umber 

EP 89 31 1731 

Category Citation or document 1'·ith indication, 1'here appropriate, 
or relevant passa::es l Relevant I CV.SSITICATIO;,.; OF nn:. 

to claim APPUCATlO:",' (!flt. CJ.5) 

X 

X 

y 

BIO ESSAYS, vol .. 8, no. 2, 
February/March 1988, pages 74-78; M. 
VERHOEVEN AND L. RIECHMANN: 
"Engineering of antibodies 11 

* The whole article especially figure 3 
"' 

PROGRESS IN BIOTECHNOLOGY, vol. S, 
February 1988: "In Vitro Immunization 
in Hybridoma Technology" (C.A. K. 
BORREBAECK, ed.), pages 231-246: J.W. 
LARRICK et al.: 11Generation of specific 
human monoclonal antibodies by in vitro 
expansion of human B cells: A novel 
recombinant DNA approach 11 

"'Pages 241-244 * 

1-9 

10-32 

10-32 

C 07 K 
C 12 N 
C 12 N 
C 12 Q 

13/00 
15/10 
15/13 // 
1/68 

SCIENCE, vol. 239, 25th March 1988, 
pages 1534-1536; M. VERHOEVEN et al.: 
11 Reshaping human antibodies: Grafting 
an antilysozyme activity" 
"'The whole article* 

TECH.-.JCA.l. FlELDS 
SEARCHED (lnt. Cl.SJ 

y SCIENCE, vol. 239, 29th January 1988, 
pages 487-49i; R.K. SAIKI et al.: 
"Primer-directed enzymatic 
amplification of DNA with a 
thermostable DNA po1ymerase 11 

- The whole article"' 

P,X PROCEEDINGS OF THE NATIONAL ACADEMY OF 
SCIENCES OF THE USA, vol. 86, no. 10, 
May 1989, pages 3833-3837; R. ORLANDI 
et al.: "Cloning immunoglobulin 
variable domains for expression by the 
polymerase chain reaction" 
* The whole article* 

The present search .report has been dral'n up for all claims 

10-32 

1-32 

C 12 N 
-c 12 Q 

CUPIDO M. 

CAT£CORY OF OTEO DOct;ME:>.TS 

X : particularly relevant if taken alone 
Y : particularly relevanr if combined '"ilb another 

document of the same c:aregory 
A : technological background 
0 : non,wrinen disclosure 
P : intermediate document 

T : theory or principle underlying the. invention 
E : earlier patent document, bu1 published oo, or 

after the filing dare 
D : document cired In the application 
L : document cir~ for crher r=sons 

& : member of the sam;p;ttnl family, corresponding 
document 

~1----------------------------------------

• 

BIOEPIS EX. 1002 
Page 4081



.. 

_) 

\ 

• . . . . . • : ,oocum~r'lt'Q 93 . 
, P.CT WORLD INTI:l.LECTI.,~l PI-.OPERTY.ORG/-NIU.TION • : ~, Ef-~1 B ~~ I 7,1'6' • 

I • !n~'?'·ribnatBuruu. • • . • : • l,,rotein Des,grl ~~Us, Inc. 

i, n~hRNATI:ONAL APPLICATION PUBL1SHEI>UND£R nn: 'P~~NT cooPERAncfiLBB Ref.: GFOP96504 
.----,-.....;_---------::-----,---,-------------Vossius Ref· B 1060 EP 

(SI) l11ter.~doaal Pitest Cuslflcatioa S : (II) lllteraatioaal Pablicadoe Namber: WO 94/11S09 j 
01:N•l3/l\ ~K 15/28 .· · 
GOi~'.33/574, OlN 15/62 Al (43) IAterutiou.l Pllblicatioa Date: 26 May 1994 (26.0S.94) 
A~K· 39/395, OlP 21/08 

(ll) utenuidonal Applicadoa Namber: 

(ll) I.Dmudoaal flllng Date: 

PCT/US93/l 144S (74) Agent: AMZEL. Viviana; V. Amzel & Assoc., 20SS Nonh 

(JO) Priority data : 
07/977,696 
08/129,930 
08/134,346 

16 November 1993 (16.11.93) 

16 November 1992 (16.l·t92) US 
30 September 1993 (30.09.93) US 
8 Odober 1993 (08.10.93) US 

Broadway, Walnut Creek. CA 94596 (US). 

(8I)Deslp1ted Staces: AT, AU, BB, BG, BR, CA, CH, DE, 
DK, ES, FI, GB, HU, JP, KP, KR, LK, LU, MG, MN, 
MW, NL. NO, PL. RO, RU, SD, SE, US, Eun,pean·pa
tent (AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, 
LU, MC, NL. PT, SE), OAPI patent (BF, BJ, CF, CG, 
Cl, CM, GA, ON, ML, MR, NE, SN, m, TG). 

(71) AppUcut (for all designaud S1ata acqt US): CANCER 
RESEARCH FUND OF CONTRA COSTA (US/US]; Pabllsbed 
2055 North Broadway, Walnut Creek, CA 94596 (US). W'uhout in1mradonal smrd, ,q,on and to be rq,ublish~d 

upon m:npt of tluu ,q,ort. 
(72) laftnton; ud . 
(75) bmaton/ AppUcuts (for US '!'nly): DO couro, Fernando, 

J., R. (US/US); 7710 Oak Creek Drive, Pleasanton, CA 
94588 (US). CERIANI. Robeno, L (US/US]; PETER
SON, Jerry, A. [US/US]; 1089 Via Roble, Lafayette, CA 
94549 (US). PADLAN, Eduardo, A. [US/US); 4006 
Simms Drive, Kensington, MD 20895 (US). 

(54) llde: PEPTIDES AND ANTI-SENSE PEPTIDES WITH BROAD NEOPLASTIC SPECIFICITY 

(51) Abstract 

An anaJogue peptide comprises the variable regions of the light or heavy chains of an antibody of a fint species selectively 
binding to a tumor antigen, such as a carcinoma antigen, has I to 46 amino acids of the framewort regions per chain substituted 
with amino acids such as those present in equivalent positions in antibodies of a species other than the first species, or fragments 
thereof comprising I to 3 variable region CDRs per chain and optionally flanking regions thereof of l to 10 or more amino acids, 
alone or with an N•terminal fragment of I to 10 or more amino acids, combinations or mixtures thereor. The polypeptide may al
so comprise an effector agent and/or be glycosylated., and is presented u a composition with a carrier. The analogue peptides are 
used in diagnostic kits for neoplasms such as carcinomas and methods for in vivo imaging and treating a. primary or metastasized 
neoplasm such as a carcinoma, and in vitro diagnosing a neoplasm, ex vivo· purging neoplastic cells from a biological fluid. 
RNAs and DNAs encode the analogue peptide, and a hybrid vcc:tor carrying the nudeotides and transfected celb express the 
peptides and a method produces the analogue peptide. An anti-idiotype polypeptide comprises polydonal anb'bodies raised 
against an antineoplaaic antibody or the analogue peptide of this invention, monoclonal antibodies thereof, Fab, Fab', (Fab'h, 
CDR, variable region, or analogues or fragments thereof, combinations thereof with an oligopeptide comprising a TRP tri
mer, tandem repeats thereof, or combination or mixtures thereof. An anti-idiotype hybrid polypeptide with an effector agent 
and the anti-idiotype polypeptide., an anti-neoplastic vaccine, an anti-neoplastic vaccination kit, a m~thod of vaccinating 
against neoplasms such as carcinomu and a method or lowering the scrum concentration of a cirallating antibody or poly
peptide are provided. 

.-,~ 

.. 
.__ ________________________________________ -;~t~.:::.?.:·· 

:;~yj..~: !, .. 

t)14 

BIOEPIS EX. 1002 
Page 4082



._) 

... _) 

FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to iden1ify States pany to the PCT on the front pages or pamphlets publishing inlernational 
applica_tions under the .PCT. · · , · · ' . · 

AT 
AU 
18 

.BK 

If' 
IC 
II.I ' 
Ill 
IV 
CA 
CF 
cc 

· cit 
· Cl 

CM 
CN 
cs 
CZ 
DE 
DK 
£5 
Fl 
Fa 
CA 

AUIUia 
Awualla 
Bar1N,doa' 
Bclpum 
BllflinaF
Bulpri.l 
Benin 
Bru.il 
Bclal'liS 
Canada 
Ccnlr&I Alric.an Republic 
Congo ' 
Swilu:rland 
C6IC d'Ivoire 

· Cameroon 
China 
Clcchoslovakia 
Cwcll Rcpi,blic 
Germany 
Denmark 
Spain 
Finl;on,J 
France 
Gabon 

ca 
CE 
CH 
Cl 
HU 
IE 
IT 
JP 
KE 
KC. 
KP 

Kil 
KZ 
u 
LK 
LU 
LY 
MC 
MO 
MG 
ML 
MN 

Unllcd Kin&llom 
Ocotpa' 
Oulnea 
Orcca: 
Hun..,,. 
Ireland 
ll&ly 
Japan 
Kenya 
Krrosian 
~ralic: People', Republic 

' ol lCon:& 
Republic or K0<ca 
KazakhsYn 
Licch1ensu:in 
StiLanu 
Luacmbour& 
Latvia 
Monaco 
Republic or Moldova 
MaJa&ase,&r 
M.lli 
Moneolia 

Mil 
MW 

. NB 

NL 
HO 
NZ 
PL 

" RO 
RU 
SD 
SB 
SI 
SK 
SN 
TD. 
TC 
TJ 
TT 
UA 
us 
uz 
VH 

Maurilania 
Malawi 
NIFi' 
Nclhcrlands 
Nofway . 
NcwZaland 
Poland 
Por1up.l 
Romania 
lluulan Fcdcralioft 
Sudan 
Sweden 
Slcwcnl& 
Sloo-alia 
Scncpl 
Chad 
Toao 
Tajikislan 
Trinida.J an.J Tobago 
Ukraine 
Uni1&:d S1&11:1 of America 
U1.hckisun 
Vici Nam 

BIOEPIS EX. 1002 
Page 4083



··~. 

WO 94/11509 • f>CT/US93/11"45· , • 
• ·, ~ f • t • ' • i 

PEPIIDES AND ANl'I-sm.sE PEPIIDF.S Wl'm BROAD NEXPI...ASTIC 
SP.ECIPICI'IY 

BACKGROUND OF THE INVENTION 

Fjeld of the inventjon 

.• 

This invention relates to the in vitro and in vivo diagnosis, 

immunization, and therapy of neoplastic tumors. panicularly carcinomas, by 

5 means of specifically targeted analogue peptides comprising amino acid 

seauences encompassing the complementarity determining regions (CDRsl of a 

different species. and analogues of the variable IF.I region of anti-carcinoma 

antibodies, among others. The carcinoma specific peptides for use in one 

species. e.g., humans. a~e provided as a single amino acid chain having the 

10 specificity of F. regions obtained in differenJ species. e.g., murine antibody F. 

regions of the light or heavy chains, or as paired chains. These peptides are 

_) provided either by themselves or bound to other molecules such as synthetic 

polymers or oligopeptides resulting in sequences of mixed species, and more 

particularly analogues of human/non-human chimeric antibodies or other 

1 5 polymeric constructs. The analogue peptides comprise sequences derived from 

the variable regions of heterologous antibodies specific for, e.g., human 

carcinoma antigens that elicit a lesser immunological response in humans than 

the whole heterologous antibodies. The anti-idicnype polypeptides and their 

analogues are suitable for immunizing humans or other animals against 

20 carcinoma. Polynucleotide segments encoding the analogue peptide and ·anti· 

idiotvpe polypeptides, and hybrid vectors and transfected host cells carrying the 

segments are useful for preparing the peptides disclosed herein. 

Description of the Background 

Carcinomas result from the carcinogenic transformation of cells of 

25 · different epithelia. Two of the most damaging characteristics of carcinomas are 

. -- their uncorit~olled growth and their ability to create metastases in distant sites 

. >.-': of the i:i.ost._partic:ularly a human host. It is usually these distant metastases that 

j. : .::. ~- ~-:) •.. -:,: :c?; c:a~~e:.s~ribus conseauences to the host, since frequentiv the primary carcinoma 

may ·be·. in most cases. removed by surgery. The treatment of metastatic 

30 carcinomas. that are seldom removable, depends on irradiation therapy and 

systemic therapies of different natures. The systemic therapies currently 

include. but not fully comprise, chemotherapy, radiation, hormone therapy, 

different immunitv·boosting medicines and procedures, hyperthermia and 

systemic monoclonal antibody treatment. The latter can be labeled with 

35 radioactive elements. immunotoxins and chemotherapeutic drugs. 

Radioactively labeled monoclonal antibodies were initially used with 

success in lymphomas and leukemia. and recently in some carcinomas. The 

concept underlying the use of labeled antibodies is that the labeled antibody will 

specifically seek and bind to the car~inoma and. the radioactive element. through 

BIOEPIS EX. 1002 
Page 4084



.. _) 

WO 94/11509 
\' • .. • "t 

, • PCT/US93t'l 1414:s • 
• • (' 4 • • •• 

• t f • • .. " • • 

its decay, will irradiate the tumor in situ. Since radioactive rays travel some 

distance in tumors it is not necessary that every carcinoma cell bind the labeled 

antibody. The specificity of the monoclonal antibo.dies will permit a selective 

treatment of the tumor while avoiding the irradiation of innocent by-stander 

5 normal tissues, that could be dose limiting. Chemotherapy produces serious 

toxic effects on normal tissues. making the chemotherapy of carcinomas less 

than desirable, and the use of radiolabeled monoclonal antibodies a valid 

alternative. 

Non-human antibodies raised against human epitopes have been used for 

10 the diagnosis and therapy of carcinomas as is known in the art. Also known are 

the methods for preparing both polyclonal and monoclonal antibodies. Examples 

of the latter are BrE-2, BrE-3 and KC-4 (e.g .• US patent Nos. 5,077.220; 

5.075,21 9 and 4, 708.930 .. 

The KC-4 murine monoclonal antibody is specific to a unique antigenic 

15 determinant, the "antigen·, and selectively binds strongly to neoplastic 

carcinoma cells and not to normal human tissue (U.S. Patent No. 4,708,930 to 

Coulter). The antigen appears in two forms in carcinoma cells, only the smaller 

of these forms being-expressed in the cell membrane. The larger form appears 

only in the cvtoplasm and has an approximate 490 Kdalton molecular weight 

20 (range of 480.000-510,0001. The second form occurs at a higher densitv of 

expression, is found both in the cytoplasm and the membrane of carcinoma cells 

and has an approximate 438 Kdalton molecular weight (range of 390,000-

450,0001 as determined by gel electrophoresis with marke~ proteins of known 

molecular weights. labeled KC-4 was applied to the diagnosis and medical 

25 treatment of various carcinomas, particularly adenocarcinoma and squamous cell 

carcinoma regardless of the human organ site of origin. 

The BrE-3 antibody (Peterson et al., Hybridoma 9:221 (19901; US patent 

No. 6,075,2191 was sho~n to bind to the tandem repeat of the polypeptide core 

of human breast epithelial mucin. When the mucin is deglycosylated. the 

30 presence of more tandem repeat epitopes is exposed and the binding of the 

antibody increases. Thus, antibodies such as BrE-3 bind preferentially to 

neoplastic carcinoma tumors because these express an unglycosylated form of 

the breast epithelial mucin that is not expressed ·;n normal epithelial tissue. This 

preferential binding combined with an observed low concentration of epitope for 

35 . these antibodies in the circulation of carcinoma patients, such as breast cancer 

patients, makes antibodies having specificity for a mucin epitope highly effective 

for carcinoma radioimmunotherapy. A 'oY-BrE-3 radioimmunoconjugate proved 

highly effective against human ·breast carcinomas transplanted into nude mice. 

Human clinical studies showed the 9oY-BrE-3 radioimmunoconjugate to 
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considerably reduce the siz~ of breast tumor metastases without any immediate 

toxic side effects. Moreover. an ' 111n-BrE-3 radioimmunoconjugate was 

successfully used tor imaging 1 5 breast cancer patients. providing excellent 

tumor targeting in 13 out of 1 5 of the patients. Out of all the breast tumor 

5 metastases occurring in another study, 86% were detected by 111 1n-BrE-3. 

Unfortunately. 2 to 3 weeks after treatment. the patients developed a strong 

human anti-murine antibody {HAMAI response that prevented further 

administration of the radioimmunoconjugate. The HAMA response. which is 

observed for numerous murine monoclonal antibodies, precludes any long-term 

10 administration of murine antibodies to human patients. Similarly, other 

heterologous antibodies. when administered to humans, elicited similar antibody 

responses. The anti-heterologous human response is. thus. a substantial limiting 

factor hindering the successful use of heterologous monoclonal antibodies as 

therapeutic agents. which could, otherwise, specifically · annihilate breast 

1 5 carcinomas. causing little or no damage to normal tissue and having no other 

toxic effeets. 

Chimeric antibodies are direct fusions between variable domains of one 

species and constant domains of another. Murine/human chimeric antibodies 

prepared from other types of B cells binding to other types of antigenic 

20 determinants have been shown to be less immunogenic in humans than whole 

murine antibodies. These proved to be less immunogenic but still in some cases 

an immune response is mounted to the rodent variable regio_n framework region 

!FRI. A further reduction of the ·toreign• nature of the chimeric antibodies was 

achieved by grafting only the CDRs from a rodent monoclonal into a human 

25 supporting framework prior to its subseQuent fusion with an appropriate constant 

domain, (European Patent Application, Publication No. 239,400 to Winter: 

Riechmann, et al., Nature 332:323-327 f 198811. However, the procedures 

employed to accomplish CCR-grafting often result in imperfectly •humanized" 

antibodies. That is t9 say, the resultant antibody loses avidity !usually 2·3 fold. 

30 at best). 

35 

The ligand binding characteristics of an a~tibody combining site are 

determined primarily by the structure and relative disposition· of the ·coRs, 

although some neighboring residues also have been found to be involved in 

antigen binding (Davies, et al., Ann. Rev. Biochem. 59:439-473 1199011. 

The technologies of molecular biology have funher expanded the utility 

of many antibodies by allowing for the creation of class switched molecules 

whose functionality has been improved by the acquisition or loss of complement 

fixation. The size of the bioactive molecule may also be reduced so as to 

increase the tissue target availabilitv of the antibody by either changing the class 
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from an lgM to an lgG. or by removing most of. the heavy and light chain 

constant regions to form an F. antibody. Common to all of these potentially 

therapeutic forms of antibody are the required complementary determining 

regions (CDAsl. which guide the molecule to its ligand, and the framework 

5 residues {FAsl which support the CO Rs and dictate. their disposition relative to 

one another. The crystallographic analysis of numerous antibody structures 

revealed that the antigen combining site is composed almost entirely of the COR 

residues arranged in a limited number of loop motifs. The necessity of the CDRs 

to form these structures, combined with the appreciated hypervariability of their 

10 primary seQuence. leads to a great diversitv in· the antigen combining site. but 

one which has a finite number of possibilities. Thus, its hypermutability and the 

limited primary sequence repertoire for each CCR would suggest that the CDRs 

derived for a given antigen from one species of animal would be the same 

derived from another species. Hence,' they should be poorly immunogenic, if at 

1 5 all, when presented to a recipient organism. 

Accordingly, there is st.ill need for a product of high affinity and/or 

specificity for carcinoma antigens suitable for the detection and therapy of 

carcinomas which elicits a lesser antibody response than whole non-human 

antibodies or chimeric antibodies containing, for instance the entire non·human 

20 variable region. 

SUMMARY OF THE INVENTION 
This invention relates to an analogue peptide and its glycosylated 

derivative which specifically and selectively bind to the human mammary fat 

globule (HMFG) antigen and to an antigen found on the surface or in the 

25 cytoplasm of tumor cells such as carcinoma cells or that is released by the cells, 

the analogue peptide consisting essentially of at least one variable region of the 

light or heavy chains of an antibody of a first species having affinity and 

specificity for an antigen found on the surface or the cytoplasm of a carcinoma 

cell or released by the cell. wherein preferably about 1 to at least 46 amino acids 

30 in the FR are substituted per chain with amino acids selected from the group 

consisting of amino acids present in equiva1e·nt positions in antibodies of a 

species other than the first species, or fragments thereof comprising 1 to 3 CDRs 

per chain or 1 to 3 CDRs plus flanking regions thereof, each of about 1 to at 

least 10 amino acids, alone or with an N·te·rminal fragment of about 1 to at least 

35 10 amino acids; combinations thereof or combinations thereof with other 

variable regions or analogues thereof. wherein each analogue peptide is 

operatively linked to at least one other peptide or analogue thereof, or mixtures 

thereof. 
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Also provided herein are a fusion protein and a hybrid polymer comprising 

the analogue of the invention. the corresponding DNAs encoding them. hybrid 

vector thereof, transfected host thereof, and RNA. 

This invention also encompasses a method · of producing an analogue 

5 peptide or hybrid analogue peptide by recombinant technology, in vitro methods 

.of diagnosing and immunohistochemistry of tissue slices. an ex vivo method of 

purging neoplastic cells, and in vivo methods for imaging and therapy of 

neoplasias such as carcinomas. 

Also disclosed herein are anti·idiotype polypeptides comprising polyclonal 

10 antibodies raised against the analogue peptide of this invention, analogues 

thereof, monoclonal antibodies thereof, fragments thereof selected from the 

group consisting of Fab, Fab'~ (Fab') 1 , CORs. variable regions and analogues 

thereof as described above, combinations thereof operatively linked to one 

another, an anti-carcinoma vaccine. a vaccination kit, a method of vaccinating 

15 against neoplasias including carcinomas. and a method of lowering the serum 

concentration of circulating ~nti·tumor antibody with the anti-idiotype 

polypeptide of this invention. 

20 

25 

30 

Other objects, advantages and features of the present invention will 

become apparent to those skilled in the an from the fol.lowing discussion. 

DESCRIPTION Of THE PREFERRED EMBOD!Mf;NTS 
This invention arose from a desire by the inventors to improve on 

antibody technology suitable for use in diagnostic, prognostic, vaccine and 

therapeutic applications in the field on neoplasmas and cancer. The present 

invention will be described tor application to humans. However, it is also 

suitable for use in other species. The monoclonal antibodies obtained up to the 

present time have been prepared by fusing immortalized cell lines with 8-cells of 

non-human origin such as murine, rat. rabbit, goat. and the like. Many of these 

hybridomas can produce large quantities of monoclonal antibodies that have 

desirable binding properties such as high affinity and/or specificity end selectivity 

for carcinoma antigens of a species, e.g., for human carcinoma· antigens. 

However, in general, antibodies from other species, e.g., non-human antibodi~s. 

may only be administe·red once to a subject of a predetermined species, e.g., 

humans. due to the detrimental effects they produce. This is true for most 

heterologous antibodies being administered to mam.malian animals. For example, 

35 the repeated administration of murine antibodies to a human subject elicits a 

strong human anti-murine antibody (HAMAI response, which precludes their 

funher utilization as therapeutic agents in humans. These non-human antibodies 

initiate an immediate adverse reaction in many human patients and are. thus. 
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rendered ineffective for further administration as therapeutic agents. In some 

cases. non-human-human chimeric antibodies and non-human CDR "grafted"· 

human antibodies may have lower affinity and/or specificity for their antigens 

than the corresponding non-human antibody. On the other hand, human 

5 monoclonal hybridoma cell lines have not been very stable and have, therefore, 

not been suitable for the large scale, repeated production of monoclonal 

antibodies. 

The present invention is applicable to the manufacture of analogue 

peptides having a high number of amino acids in the respective positions found 

10 in the endogenous antibodies, and where at least the CORs are of another 

xenogeneic species. 

The present inventors. thus, have undertaken the preparation of 

antitumor non-human CDRs and non-human variable regions of antibodies. 

having affinity and specificity for an antigen found on the surface or the 

1 5 cytoplasm of a human neoplastic cell such as a carcinoma cell or that is released 

by the cell, wherein about 1 to 4~ amino acids in the framework region (FRI are 

substituted per chain with amino acids present in equivalent positions in other 

human antibodies. or fragments thereof comprising 1 to 3 CORs per chain or 1 

to 3 CDRs per chain plus flanking regions thereof. each of about 1 to 1 O or more 

20 amino acids, alone or plus an N-terminal fragment of about 1 to 10 or more 

amino acids. to lower or even circumvent the anti·xenogeneic response. To 

preserve substantial binding specificity in the molecules intended for use in 

humans, the present invention utilizes CDRs and/or analogues of varying lengths 

of the variable regions of light and/or heavy chains of antibodies of other species 

25 such as murine, rat. rabbit, goat, equine, primate, bovine, and guinea pig 

antibodies, among others. Heterologous human CORs and/or analogues of their 

variable regions may be utilized are intended for use in other species. 

The. present inventors have found, surprisingly, that these analogue 

antibody fragments substantially preserve the binding, specificity and selectively 

30 characteristics of the whole non-human antibody while · eliciting a lesser 

detrimental immunological response. 'However, the simple preservation of the 

binding region of an antibody does not by itself ensure that the binding 

characteristics of the antibody will be maintained. Antibodies are 

glycopolypeptides that are folded into specific conformations. When the 

35 glycoside portion of the molecule or portions of the amino acid sequence are 

perturbed or excised, the folding panem of the molecule may be perturbed. 

Thus, any deletion or modification of the sequence of an antibody must be made 

taking into consideration that its folding-dependent properties may be diminished 

or even obliterated if the folding is substantially affected, even though the amino 
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acid seQuences involved in the binding of the antigen are preserved. 

The present inventors selected the following strategy tor the preparation 

and manufacture of the analogue and hybrid peptides of this invention. The 

cONAs that encode the variable chains of an antibody may be obtained by 

5 isolation of mRNA from a hybridoma cell and reverse transcription of the mRNA, 

amplification of the cONA by polymerase chain reaction IPCRI and insertion of 

the DNA into a vector for optional seQuencing, and for restriction enzyme 

cutting. The cDNAs encoding the CDRs or variable chain (F.l region fragments 

of the light (Vll and heavy (V,.) chains of an antibody having affinity and 

10 specificity for a carcinoma cell antigen may be reverse transcribed from isolated 

mANA. The cONAs encoding the CORs may then be ligated to other segments 

encoding neighboring seouences. and the variable ·region cDNAs may then be 

modified with predesigned primers used to PCR amplify them or synthesized de 

novo. cloned into a vector optionally carrying ONA seQuences encoding, e.g .• 

15 a constant region Isl, optionally seQuenced. and then transfected into a host cell 

for expression of the analogue gene product. The binding · specificitY 

characteristics of the analogue peptides may then be determined and compared 

to those of the whole antibodies. 

X-ray crystallographic studies demonstrate that the framework 

20 structures of the F. of different antibodies assume a canonical structure 

regardless of the species of origin, amino acid seouence. or ligand specificity. 

This is generally taken as evidence that the ligand-binding characteristics of an 

antibody combining site are determined primarily by the structure and relative 

disposition of the CDRs, although some neighboring framework residues may 

25 also be involved in antigen-binding. Thus, if the fine specificity of an antibody 

is to be preserved, iu CCR structures. and probably some of the neighboring 

residues, their interaction with each other and with the rest of the variable 

domains, mu~t also be maintained. These crystallographic studies point to the 

possible need for retaining most, if not all, of the many interior and inter-domain 

30 contact residues since the structural effecu of replacing only a few of them 

cannot be predicted. 

While at first the necessity of keeping these amino acids might seem to 

defeat the goal of decreasing immunogenicity by "humanization", the actual 

number of amino acids that must be retained is usually small because of the 

35 striking similaritV between human and murine variable regions. Moreover. many, 

if not most. of the retained amino acids possess side chains that are not exposed 

on the surface of the molecule and, therefore. may not contribute to its 

antigenicity. Clearly, it is most of the. exposed amino acids that are good 

candidates for substitution since it is these amino acids that are exposed to the 
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· immunological environment of a mammal and may form epitopes of increased 

immunogenicitv. 

The challenge in humanizing the variable regions of a non-human 

antibody, e.g .• a murine antibody, thus begins with the identification of the 

5 "important" xenogeneic amino acids. "Important" amino acids are those. for 

example. that a!e involved in antigen binding. contact the CORs and the opposite 

chains, and have buried side-chains. Ideally, these residues might be identified 

from a well characterized three-dimensional structure. However, when direct 

structural data are not available. it is. fortunately, still possible to predict the 

10 location of these important amino acids by analyzing other related antibody 

suuctures. especially those whose variable light and heavy regions belong to the 

same class. The classes of variable regions can be determined from their amino 

acid sequence. 

A method by which these important amino acids are identified has been 

15 described for the case of the amino acids with buried side chains by Padlan, E.A. 

(Padlan, E.A., • A Possible Pr~cedure for Reducing the lmmunogenicitv of 

Antibody Variable Domains While Preserving Their Ligand-Binding Properties·. 

Molecular Immunology, 28:489-494 (199111. In the present case. various 

an.tibody variable region structures were compared using a computer program 

20 that determines the solvent accessibility of the framework residues as well as 

their contacts with the opposite domain as described by Padlan, E.A. 11991 ). 

supra. Surprisingly, a close examination of the fractional solvent accessibility 

reveals a very close similarity in the exposure panems of the VH and the v. 
domains. Put in simple terms. regardless of the particular antibody in question. 

25 and of its amino acid sequence, the buried residues occupy similar relative 

positions in most antibodies. 

A similar analysis can be done by computer modeling. to determine 

which amino acids contact the CDRs and which contact the opposite domain. 

At this point. the Fab structures that are currently in the Protein Data bank 

30 (Bemstein,F.C .• et al., J. Mol. Biol. 112:_535-542 (19771) may be examined to 

determine which FRs are probably important in maintaining the structure of the 

combining site. Thus. after a close inspection of many high resolution 

three-dimensional structures of variable regions, the positions of all important 

framework amino acids, that is, those that contact the CDRs. the opposite 

35 domain, and those whose side chains are inwardly pointed, may be tabulated. 

Keeping these amino acids. as well as those from the CORs. and finally those FR 

amino acids that may be involved in ligand binding, should insure to a great 

extent the preservation of affifflty. Tl:le precise identification of FR amino acids 

that are involved in ligand-binding cannot be generalized since it varies for 
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;ns can be made to 

preserve the amino acids located in FR that have a high probability of contacting 

the antigen. These regions are located immediately adjacent to the CDRs and 

at the N-terminus of both chains. because the surfaces of these regions are 

5 contiguous with th·e CDR surfaces. 

Surprisingly, it is possible to keep all of these important amino acids in 

a heterologous humanized antibody and still increase dramatically the similarity 

with a human consensus seQuence. That is. the final number of amino acids witf1 

murine identities differing from human identities that are kept is tvpically small. 

1 0 This is usually possible because human frameworks that are similar to the murine 

frameworks, especially at the positions of the important amino acids. can be 

found. This is because many of the important amino acids have the same 

. identities in both murine and human antibodies. 

15 

All the amino acids that are determined to be not important by the 

method described above may be completely replaced by their. corresponding 

human counterparts. The surface of the finally humanized antibody should look 

very much like that of a human 'antibody except for the antigen binding surlaces. 

The original shape of those binding surfaces, however. is maintained by leaving 

the internal composition of the antibody intact, preserving inter-domain contacts 

20 and by keeping very few key amino acids that contact the COAs. 

al Choosing the Best Human Framework to 
Use in the ·Humanization· of an Antibody' 
When Its Strucrure Is Known 
At the present time. there are 11 Fab structures·for which the atomic 

25 coordinates are known and have been placed in the Protein Data Bank as shown 

in Table 1 below, 2 from human and 9 from murine antibodies. 

!AJ21.L1: 

BOMAN: 

HORINE:: 

Feb Stn.Jctures for Which Coordinates 
are in the Protein Data Bank 

ANTIBODY RESOLUTION (A) R•VALUE 

Hl:WK 2.0 0.4' 
ltOL 1., o.u, 

Hcl'C503 2., 0.225 
J539 1.95 0.194 
Jlylll:t.-5 2.$( 0.245 

. ByllEt.•lO 3.0 0:24-
11.u_, __ 2.8 0.30 

•• ,~-4:-10 2., 0.215 
36-71 l.BS 0.248 
B13I2 2.1 . 0.1'7 
D1.l 2.5 0.184 -·---·· 

9 

Poe cooe 

3r.lJI 
2FB4 

lHCP 
2FBJ 
2Kf"t 
lKl"H 
1n, 
4l">.B 
lir>.B 
lICF 
lf"OL '-
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The contacts betwee~ side:hain1 ip.tfie viriat,. J;r,,.ai~s of t'he 11 Faol 

have been collected and are presented in Tables 2 to 4 below. The framework 

(FRI amino acids (aa's) in the V, domains that contact CDRs are listed in Table 

2 below. 

Table 2: V1 Framework Residues That Contact COR Residues 
in Fahs of Known Three-Dimensional Structure 

POiino" 
llyHEL•S u,., MCTilOOT 

.nn t<ePC 10 l llyMU-lD •-•-20 ll-71 UlU IH.l NtWK KOL 

\ c;i.uu, "SP ISi ... S,{101 UPlll u, Ill .u, ,., ... u 1\11 
2 U,tllll ILf.11$1 tL.tl111 IU: Ull ILEISI V.U.UI ILC 1201 VU.ltl tu no, Stlllll 
l Y ... Llll Y.U.(21 YUClJ GI.Mill Y.U.121 c;u1121 ?.J;U(Sl . V,.Ll21 

• Lf.U 171 Kl:Tlll Lt.U Ill LCUUOI ~!ti KnUll KETPI ~TUI Kn(1l LtU(41 LtU ISi 
5 Tllt.111 Tl!Alll Tllt.121 TKr. 11 l 
1 TVt.10 

u StJl Ul 
1l CtS 111 CTS 111 C!'S (?J. C'U(ll CYS Ill CYSl1l· C'fS (11 CTS(U 
H Tr.r tll TU(21 TU 141 TU Iii TUCII TVl41 T"1 CO TU Cl I TU 121 
J( ·n11.1121 TTt.(1'1 T'n.111 TTl\(101 TY11.ll21 TTllUll T'rlllUl nr.111 T't11(l0 TTllllll nr.1111 
<! LTS 1121 LIS ISi ,, tr.Oil! LtUC61 LEU(O JJ\G !151 UUUl V.U.(Ul Ll:0151 LEU 1101 LtU Ul l.f.Ul21 LCUUI 

•• ILC 111 tU:111 ILttll tUCll n.i:121 VJ.Lill H.Elll 
4' TYIIUU TT1\IUI LU(Ul T'nl121 Tn.1401 TTll.1121 T'IP.(Zll TOI 11'1 T'l1l 1251 TTll 1251 
58 VAL Ill ""Lill tLtUl V":'-(61 Y.U. Ill V"LC51 Y.U.141 YU.ISi YM,(11 Y"L"I ,o UP Ill u,121 Ufl41 ... ,, (21 

n fKl:(l) tllCUI tl!C 111 

" Lts 121 LTSIHI 

" Sltlllll •!Er.Ill 

" TKr.lll TKJ.lll TMr.Ul TKll C ll TMlllO TKP.111 51:ll ll l 
10 .u,n1 ,.s, 111 u,111 stlll21 
, l TYr.1141 PKC 12ll fHC I\ 11 TTl!.1111 TTP.1241 PHCIUI TTl\111} UC 1191 TT!l(1'1 ... u.Cll .. u1•1 .. CTStll cn121 CTSCU cnn1 CTS fll cu 111 CTS IZI CTS 111 
ti PKC Ill Pl!t Ill tKE (101 tHCISI PHC 181 fNC(O fKC Ill . PMttlll fMl:(141 

'"' Ill 
PKtPI 

··-···------ ~-- ·- .. 

Those FR in the V" domains that contact CDRs are listed in Table 3 

10 below. 

Tobie 3: V" Framework Residues That ContaC1 COR Residues 
in Fabs of Known Three-Dimensional Structure 

I 
I . .. .. 

u 
II 
II 
ll ,, 
H .. .. .. .. .. .. 
11 .. .. 
11 
ti .. .. 
II .. 
ti 
u ... 

,u 

•a.a.nu ••a.ci, 
t.&¥UI LtllCIJ 

,aa.,11 
,un1 ,a1c11 
u, tu nttll 
la&lt• lll&UI 

10 

YM.Ut 
uo,u ...... 
TUf)I 
fdlJI 

•a.&.tUI ¥1.L.Uli 
Lea Ill UVUI 

tWIIO TftUI tdUI ~ 

RAUi U..CUI ! 
1.Rtll 1&&441 : ... ,,,, 
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. he FR amino acids.: that ~on111it. ;;e '?PP< tlpqi~in apd whicl':• 

presumably are the ones mainly re~ponsible for the Quaternary structure of the 

Fv domains are listed in Table 4 below. 

~= Fremework Residues Thet Contect Framework 
Residues in the Opposite Domain in Fabs of 
Known Three-Dimensional Structure 

1W v,: 

t01ff10lt ·.w,:no15y·. - . 

l& 
ll 
u .. .. 
u .. 
ti 

100 

.filt MfCICJ My•U.•10 • .,.C.L•l .klt.t 4-4•H Jt-11 lllt2 Ol .l 

n•1n nau1 .,,,,.flt ,,...,s, n•nu TT1l<'l nau1 ,,.._,,, T1'an, 
CLIJUGI c.unu Q.Ufllt •CLll<SI GUflU G1.IIU1 c,.1011 GUfU.:U GI.MU) C:Utt11 CUl:Ut 
ua,11 .tactu· su.u, ,u.n1 Tdtll 1ia1l1 1can1 ALAfSt AU.tu ::g~• ,acui,•1 ,.oc•_,. ,.ac.~u ,~n, tu.not ,a.out, 1aon•L•aon1 taouJ,, 

Mnlll · ...... ISi YU 111 AHIUI 
Tn.ftl TnCtJ ,uu, nan1 ••cn1 TrAnot 'tfttlJ Tnu, n-.cu 

!I• ... : 

t•criu ~::: fUlll tUCUI fG(UI fKCIUI fld:111 t&l:I~:· flC!Ut flll:UOI ucn:,1· 

; POlff lOlf MtTPOOI 
. .,,,, .-ctCIO) • .,.c .. -1 •• ,_a.L-1 u,., •-•-ao·i,-11 11211 OL.J wam IOL 

,, Va!.(U ,~n, VM.1!1 Y.U.UI ·YAt.ltt YU.01 VJl..11t WaJ.f4) VJ.LUI vu.col 
lt CU'UOI GUtf41 &.YIU} GUlltl C&MUI ca.MUI C:Uf(fil GUtClO) GLNU) GUfCH C:Uff)f 
o »•co ,c1,1:n1 1.1'1 n• AM:ntt . 
u .AN.CJI 
<I uan>t Lllll\11 I.RIil 'u:auo I.RIii 1.UUll LZll(Ul &J:01111 U:01111 UVUI 
n · TVIII rnu1 ' n,111 · · · TUUI n.121 · 
'1 .,, .. ,,. Tftf41 Tff.U1' TYatl1 ,a::c:u Tftr1J tU.UI Tl'I.UI 'l'ftUl TTlfJ) 

lOl '"''"11 TatUJI TVIUI TUIUI ""'" n,n11 U111<1 TVIUI TUll11 Taflll TUIU 
101 .c~,,i --'·-·------

The buried, inward-pointing FR amino acids in the VL domains, i.e., those 

which are located in the domain interior, are listed in Table 5 below. · 

Tabli: ~i Inward-Pointing, Buried Framework Residues in 
the V~ of Fabs of Known Three-Dimensional Structure 

,osn..., MfflKIDf 
~Ut Nf'CfOl a,&r:L•U lyAlL•S au. t •·••H H•ll IUU DLJ ..... -I tu: IU: IU tu IU: .... tu: ..... ru . &.<V "" ..... .... ,Ct .n .n - tCT UV WI • ..... ..... . .. .... cu, .... .... .... . .. . .. . ..... .. ... ... WI • ICT ... ..... ... ... ..... .... -1 u .... ... .... ,u, ..... .... ..... .... ...... .. .... ..... .... ..... ..... o.u. ....... ..... . ... -· -I\ ... 'Nff UV - . .. JU tu IU: IU ••• . ... 

u .... . ... .... . en C'II en .... .... cu CH en 
u ... ,., - ,., ... ... ff/I TU TU .... ,u, 
l1 ..... .... .... OUf CUI ua .... w, ... ... ... , ., TU U11 - .... u:o uu u:o ua .... UV "'" .. IU ,u , ... lU: . ... IU: IU lU .... IU:I .. ,u 
u ..... .... IU ..... ..... .... .... ..... . ... ...... 
ll - - - - - - - - - -· n HC ,u ,u . ,u fta: ,u tu HS ,u ,u ••• 
" '"' .. , ... m "" ,u "" ,u "" .... ...... ., u:u U:ll uo UV .... UV u:u uo ... ... 
•• . .... ,:.r. r:.r. :u: ,u IU ILC IU: 11.& IL& ru:· .. .... ...... .... MEO .... .... .... - ..... UV ..... 
If ... ... Uf ,.., .... ... .. , "' ... .. . .... 
u "C .. ..... ..... ...... ..... ..... ..... -.. "" .... ~ .... . ... "" "" n,o n,o .... .... .. cu CT1 CT1 cu CH en en CH en · en Ctl 

,u TU ..... - - . .. .... Tllll .... .,... ... ... ... .... UV uo. UV .... UV uo .... uo Ll11 .... ... • UV lU ILi , ... ILC IU: ... ..... --~-----. --: 

Those in the V" domain are listed in Table 6 below. 
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~. lnward-Pointi~g. £;ied Ffemewo:. Rt. ...ie9 io 

the V .. of Fabs o1 K~own Three-0.mensional Structure 

t0S"i1't0Jt MPTfliOCT 
.t1Jt tlCPCIOl •yll:U.•10 JCyfltL-1 1.tt.t 4->t•JO lt•ft 11.)U Ot.l •tv" OOL 

VAL .... ••• ... . ... vu ¥,.&., . l,tU uu uu LtO UII uu uu L£U ••• u:u Ltu • 

• CLU CLU CLa CI.N CUI CUI CI.N CLU Ct.0 CL~ Ct.NI 
I '"° Vl.Lr II ... vu ... ICT .... VlL VAL .... ••• VAL 

II LCU uu uo vu .... ~.it .... ua uu uu • ••• 10 uu LtO L£0 IU N!:T uu ~~ uu n.c LtO ml JI en en en ns en cu cu en en en cu 
II ..... Tll vu. ..... ..... ..... ..... U,J. vu .... Ill 
J1 ••• .... AU TU. TU. ••• TU. ,u ••• .... ,., I n ••• .... lLt '"" . ... ,.1. . ... ... • •• • •• . .. ,. . ., TU TOI' .... TV UI' ·TV TU TU TU "'' ll ... , ...,, ...,, LU . I.JI ...,, LU UG ...,, UC ye 

•• SU I .. CLO CLG CLO .. IU !Lt ~T l:.C IU .... , ... v,:. u:o IU . ... .. .... ..... ...... .... 
0 l:1 """ 

...,, LU UC UC UC . .UC 
n ,n '"' lU ..... ..... ,,a: ,,... 

'"' LCU VM. .... .. IU ., ... lU ,u LCD IU U:11 lU IU: KCT lU 
11 ye .WU: ...,, ...... """· .WU: vu ...,, . us VM. ...,, ,. SU. 

" UV uu Tfl ..... ..... ,, ... ..... ~ VM. ••• LIU •• LU uu uo IG:T Kn uo KET uo .uo LtO uo .. ICT ,en uu uo UII ~ ua JCT ,,n LtO 11ST 
UC ... ... VAL LEO UII UII uo UII uu VAL L<&I .. u, Uf >Jt - Uf u, u, u, u, u, ... ,I .. ..... ..... ..... ..... ..... ..... ..... ..... 
to TU Tfl Tn. Tfl Tfl • Tfl T'l1I .. .... . T':1l Tfl "'" " Ctl cu cu cu cu CTI CTI CTI Cts en en. 
14 ·- ...... Ulf us ..... UC UC ..... AOC .UC ... TU T1Cll TH Tn TU '!'Ill nca , ... SU T1Cll 

101 ... Vl~ YA&,, ~ Ull &%11 ....... .... uo L£V Vo.I, ... 
ILL ... ..... vu. . ... n1. """ ...... ., ... VM, .... ... ,.· .. ~~ 

From the above, it may be seen that 

(1) There are many FR amino acids that either contact the CDRs or the. 

opposite domain, or are found in the domain interior. 

(21 These FR amino acids, which could influence the structure of the 

combining site, and thus the antigen-binding characteristics of an antibody, are 

10 different from antibody to antibody. 

It is obvious from these results that no one structure can serve as the 

pertect and sole basis of all •animalization·. or in the present example 

·humanization·, protocols. In fact, to "humanize• the 9 murine antibodies 

shown in Table 1 above by CCR-grafting with a view to preserving their ligand· 

1 5 binding propenies, the FR amino acids listed in Table 2 to 6 above would have 

to be retained. 

20 

A search through the tables of immunoglobulin sequences (Kabat et al., 

·sequences of Proteins•of Immunological Interest", 5th Ed. US Dept. of Health 

and Human Service, NIH Publication No.91 ·3242 11991)), shows that human 

variable domain sequences are kn<>wn that already have most of the FR amino 

acids that need to be preserved as shown in Table 7 below. 
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Table 7: 

>-NTI!IOO'r OOHAIN 

HyHtl.-10 VK 
VK rlV.'<l:WOP.I< 
VH lK!''?' 

"'L 
VL rJV..'1£ IIOIUC 
VL I.KPT 

NyMJ:L-S VK 
VH ra.•.!'..!.WORX 
VH IMPT 

VL 
VL rJUHEWOIUC 
VL IIU'T 

j - 1'1t.' VH 
VK rlVIXtWOR.'( 
.'JH IKPT 

VL 
VL riv.x.tWO!U( 
VL IHPT 

•-·c-20 VK 

VH f!U.XCWOIU( 
VH It<PT 

VL 
VI. rR,AlitWOIU( 
Vt. IIU'T 

,1$19 VK 

VK r JV.lil:WOIUC 
VK IIU'T 

vt. 
VL f!UJ1EWOl'J( 
VL lHl'T 

I -- Nc•c,ol VM 
Vll f!V.MJ:WOIUt 
VH IHl'T 

VL 
VL rRA.tU:" .. o;u. 
VL U'~T 

3C-7l YH 
VH rAAMtWOI\X 

VH lHPT 

VL 
VL fAAN!:WOP.'( 

vt. Il'.PT 

rcrtvS9Jt11.:. . . . . . . . . . . 
Human Antibo~ies that are riost Slmilar in 
Sequence to Murine Antibodies of Known 
Three-Dimensional Structure 

., .. ' ' 
,t l I \c !' 

HOST . SIMILAR BOM>-lt SEOUEHC!: 

S1P2'CL (7~/ll2) 
nPl 'Cl., HLl 'CL i°(2/S'71 
58P2'CL, 1.112('CL, C6S2'CL (28/38) 

·IMC/BL(l 'CL (7)/107) 
I1J1C/BL4l'CL (59/10) 
I1JIC/8Lt1'CL (30/371 

ll!)'CL ti4tliU 
71lc'CL. X17115'Cl. (63/87) 
21/21.!CL, S1Pl 'CL, 183c 'CL, &tlO 'CL, Al/0, KA$, IICI 'CL, 

· 'X17U5'CL (25/371· · 

Hr2-l/l7'CL, KAS (65/105) 
~r2-l/17'CL (51/801 
SI, CCII, Hr2-1/l1 •ct., 11:UE, 11%I, W.t.Ll<J:a •ct, Wlt l•l (27 /361 

21/28'CL 173/119) 
21/21 'CL, HPl 'CL, Allt>, 'LS2 'CL, lltI 'CL 160/87) 
21/21.'CL, 11:10 'CL, t.52 'CL (28/lll 

\/Atl<t~' CL (71/101) 
P.t ·152,ao1 
1\£I, WALl<tR'CL (33/36) 

JOPl 'CL (17/116) 
2Pl'CL, 306'CL (65/97) 

.4114.'CL, H2,•ct. (3'141) 

~Kl-6410'CL (91/112) 
CH-,01-•cL c,e,ao1 
CUK, ra, NIK (33/3,1 · 

30P1'CL, Yh31Cl.l0'CL'181/111) 
ll/2'CL, JOPl'CL, K4J 171/171 
3aP1'CL, .SOl'CL, K'72, K7<_ (3'1401 

PA (U/1051. 
LtH, WEA (53/90) 

·ar,· Dl:N, IW!:, II.EI, WALICl:11.'CL, WILi•) (26/35) 

K12 (81/1201 
-fG12'C:L,'Abll'CL, M7Z .(70/171 
~(Pl 'CL, K72, KH, ·P.r•SJ2 'CL 136/42) 

FK-001'CL, I.£H (91/113) 
::z:; (70/10) 
~'1-(li/UI 

~l/21 1C~ (74/1191 
21/21'CL, 51Pl'CL, 713c•CL, AHP'CL, NC?'CL, X1711$'CL, 

('1/871 . 
21/.21 'CL, 11:10 'CL (%1/311 

AG (7'/105) 
• iu· ·.1'3/IO) 

11!:I, P.%., Wl.1.l(ER 'CL (_34/371' 
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_Table 

VI( • 

' :, . .. . .. . . 
Human Antibcidie~ tilat are M<1St 3imil 1 

Sequence to Murine_• Antibodies of° Known 
Three-Dimensional Structure ICor:it"dJ 

56Pl 'CL (8371-19). 

• ·p~lJS93/lJ~5 
... t. t . 

I I 

Vl( rlV,HElfOJUt 4S4!CL, 4Gl2.'Ct.,· ta6'C:., tn2, P.F-S.12'CL, Vh38Cl.10'C1 
· · ··u·a,a,, · · 

VH J}(PT 

VL 
vt. rll»IJ:WOIU( 
Vt. Ilil'T 

VH 
VH r!V.NrWOI\X. 
VH tKPT 

Vt. 
Vl,. f!U.XEWOIU( 
VI. tl'U'T 

. S6Pl'CL, H72', 'tt7~'. !'-F.;_S~:CL (l"U39) 

IIRHl-'410 'CL IUi,11:?l. 
GK-,01.-•c1. 101101 
CUM,· NIM 13&/39). 

C'82'°CL. ('72/i16) 
.CCl2'CL ('2/17) 
HH 'CL 132/371 

IA. 17511071 
Hr2-l/17'Ct. (14/801 
~o,•ct., III, DEN, EU, ICVI:! ~~'. ~!· WALKC~'CL. Wll.f•I 

These human seQuences are not necessarily those ~hich are most similar 

to the murine antibodies. overall or in the framework regions only, but rather, 

those_ that possess the largest number of important amino acids in common. the 

laner seQuences being included in Table 7 above. 

The number of murine amino acids that still need to be retained in order 

to have all the important FR amino acids in the ·humanized" or analogue versions 

of the murine antibodies. as sho.,.;.n in Table 7 above, ranges from 21 (for 

HyHEL-5:12 in V" and 9 in VLl to S (for B1312:2 in V" and 3 in VL). These are 

not very many amino acids, considering that th~ resulting "humanized" or 

analogue molecules will probably retain most or all their ligand-bindir,g 

, S characteristics. It is possible that there exist other human sequences that are 

even more similar to these murine domains that are not included in the 

compilation of Kabat. et al. 119911, supra. When more sequences become. 

available these mav. also be incorporated to improve the pool of basic data 

available. 
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. 
..;hoosing the best hum;n fra~ewor'k.tD' 
use in the "humanization· of an antibody 
when its structure is not known 

. ·'cr,:us93111 . 

In the absence of a three·dimensional strucwre. the identification of th:: 

5 FR amino acids that are crucial to maintain the combining site structure is not 

10 

easily done. Nevertheless. some proposals may be ma_de from the data shown 

in Tables 2 to 6 above that have been collected in Tables 8 and 9 below for the 

Vl and VH domains. 

~: 

J\H 
MC1C60) 
~yi<tL• 10 
ily;tU•~ 
lllt.' 
•·•· 10 
)I• 1 I 
lclllJ 
C1. l 

..:u, 
H:1CIO) 
il·/lltL•IO 
11·1MCL•i 
111).t 
•·•·10 
ll-11 
aun. 
Ot.l 

Tobie 9: 

Framework Residues in Vi That Probably 
Need to Be Preserved in Order to Reproduce the 
Ligand Properties of the Original Antibody 

C:0111 
ti .1..0 •••• T .A ••••. v. t.C .... ---·-·••••11• WYQO •••• Sf .,wn 
C,lVHTQ ••• • t..Y •••• • V.H,C 11 ..... :L.1na9aqu.tl• WYOQ., •• ,t.LLl'I' 
OIVI..Q ..•. I..V ••••• V.L.C: n,•q••••••o.i.qn111b WYQO •••• S1.LI.U: 
OIYL,Q,, .• ><.A ••••• V.M.C •u••••••••o¥f1JWY WYQO •••• SP.IIW[Y 
• IQMTQ •••• L.A •• ; .• V.1.C: ruq••••••<li.any1ft WTQO •••• T.ltLI.YY 
OYVMTQ .••• I..Y ••••• A.1.C: ruq•d•llaqqntylr WYl.0 ••••• IKVl.lf 
DlQ".Q •.•• L.A ••••• v.t.c ra•q·----·<llftn,Uft IIYOO ••••• 1.1..1..n 
.VI.N.Q.f .•. I.. V •••.• • >.~ l~(; .r111!1:!-il1.a<111<1.tyJa. !'YL(l •• •• .Si. LUT 
DI .N.Q .•.• L.A ••••• V. LC· su9···-··l\.i.1'Ayl& INQQ ••• _.s, .Lt.VT 

CDll2 CC~ 
•••klu .v •• l\r .•..••.. f.l..t •• N ••• D.>..TTC qqvcyplit r ..• T.L.I. • 
q1ucru . Y .DIIF •••• S. TOF .L.1, .v ••• D .A. ffC qn41layplC r. >.. T .L. l. 
yaaqna .S..U •••••• T.F.1..1..V ••• D •• IOTC qqa11a..,.yc r ..• T.I..I. 
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From Tables 8 and 9 above, it may be seen that many of the important 

FR amino acids flank the CORs. Among tnese flanking positions are most of the 
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FR amino acids that are invol;ed in the co~iact .;.,,ith the opposite domain as 

shown in Table 4 above. and many of those which are in contact with the CDRs 

as shown in Tables 2 and 3 above. Moreover, almost all of the FR.amino acids 

that have· been observed to participate in the binding to antigen (Amit, A.G .. et 

5 al., Science 233:747-753 (1 9861; Sheriff, et al., P.N.A.S. 11:,JSAI 82: 1104-1107 

(1987); Padlan. E.A., et al. .P.N.A.S. IUSAJ 86:5938-5942 119891; Tulip, et al., 

. Cold Spring Harbor Symp. Quant. Biol. 54:257-263 11989); Bentley, et al., 

Nature (London) 348: 254-257 11990)), are in these flanking regions. Thus, 

during •animalization· or •humanization· or formation of the analogue peptides. 

10 not just the CD Rs are retained, . but also some of the residues immediately 

adjacent to the CDRs. This provides a better chance of retaining more of the 

ligand-binding properties of the original antibody. The likelihood of retaining the 

antigen binding properties of the original antibody is even greater if the first few 

amino acids in the NH2·termini of both chains are also retained, since some of 

15 them are found to be in contact with CDRs as shown in Tables 2 and 3 above. 

) Further, Tables 8 and 9 above also show many other framework positions that 

are deemed structurally important in all the cases examined here. The 

xenogeneic residues at those positions should probably be retained as well. 

Alternatively, it may possible to reduce immunogenicity, while preserving 

20 antigen-binding properties. by simply replacing those exposed residues in the 

framework regions which differ from those usually found in human antibodies 

(Padlan, E.A. (1991 ), supra). This would ·humanize• the surface of the 

xenogeneic antibody while retaining the interior and contacting residues which 

influence its antigen-binding characteristics. The judicious replacement of 

25 exterior residues should have linle. or no, effect on the interior of the domains. 

or on the interdomain contacts. For example. the solvent accessibility panerns 

of the Fvs of J539, a murine lgA (K) and of KOL. a human lgG1 UI have been 

found to be very similar (Padlan, E.A. fl 991 ), supra) .. 

At present. more than 35 different Fab structures have been elucidated 

30 by X-ray diffraction analysis, although atomic coordinates for only 11 are 

currently in the Protein Data Bank .as shown in Table 1 above. Most of the 

available structures have been analyzed to only medium resolution, some h~ving \ 

been refined to only a limited extent. Eventually, atomic coordinates for more 

and better-refined structures will become available, so that the ~important· FRs 

35 will be more easily assessed. This will improve the theoretical predictive record 

of the present method for determining the best mode for the analogue peptides. 

As already indicated above, the specificity of an antibody depends on the 

· CDR structures and sometimes, .on some neighboring residues as well. These 

structures, in turn, depend on contacts with framework amino acids and on the 
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interaction of the V, and V M domains • Thus. ;~ ensure the retention of binding 

affinity, not only the CDR residues rr..Jst be preserved, but also those FRs that 

contact either the CDR's or the opposite domain, as well as all buried residues. 

which give shape to the variable domains. 

5 This design of the humanized versions of murine antibodies is reached 

10 

in stages as follows. 

1 • Choice of a xenogeneic model of known structure. 
2· Choice of the target species FR. 
3· Identification of xenogeneic/target species differences. 
4- Identification of important xenogeneic amino acids. 

C1 I Choice of a xenogeneic model of known structure 

The V" and V, domains of an antibody. of desired specificity are 

classified according to Kabat et al.(19911, supra. Then. an antibody of the same 

species may be chosen, whose structure has been determined, and whose 

15 variable regions belong to the same classes and subclasses. Modeling the 

xenogeneic antibody in question to such structure ensures maximal chance for 

success. This, however, is not absolutely necessary since the relative positions 

of the important amino acids do not vary considerably even in variable regions 

of different classes. Thus. with less than a perfect match this method may still 

20 be applied to design the analogues of this invention. Once the xenogeneic model 

is chosen. it may be applied to identify the locations of important residues in the 

xenogeneic antibody to be animalized (humanized). Tables 2. 3, 4, 5, 6. 8 and 

9 indicate the positions of the important amino acids in seve,al antibodies whose 

structures have been determined to a high resolution level. 

25 121 Choice of the target species FR 

The target species framework should, ideally, be a consensus framework. 

That is, one that has a maximum number of amino acids in common with all 

human frameworks of the same class. This is iniponant. because, the goal of 

humanization is to avoid an immunological response ·against the engineered 

30 analogue peptide: 

The target species framework that is chosen is that which shares .the 

greatest number of important amino acids with the original xenogeneic antibody. 

Thus, in choosing the target species (human) FR. the similarity between the 

important amino acids is more important that the overall similarity. 

35 In practice. the sequences of the xenogeneic variable chains are aligned 

with the consensus sequences from all variable region classes of the target 

species and the number of differences in the amino acids that must be retained 

from the xenogeneic spedes are scored. The human consensus sequence(sl that 
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score(sl the lowest number of differences is larel then chosen. These are the 

best analogue peptide candidates. Others with low numbers that are higher than 

the above may also be suitable, and are placed in a reserve pool, and so forth. 

If there are too many differences in the chosen framework le.g., more than 161. 

5 then the same alignment procedure using all tabulated human seQuences may be 

repeated in order to find a specific human framework whose similaritY with the 

xenogeneic sequence is maximized at the positions of the important amino acids. 

Thus. most preferably, the target species FR should be a consensus sequence. 

Next preferable would be a framework of a common target species (l'lumanl 

10 antibody, and finally, the framework of any target species {human) antibody. 

(~I Identification of xenogeneic target species differences 

The xenogeneic sequences are then aligned with the target species 

sequences and the positions of all amino acids. that differ in the murine and in 

the human frameworks are tabulated. Such a table contains the maximum 

15 number of amino acids that can be changed toward the full •animalization• 

!°humanization"! ot the xenogen'eic antibody (see, Tables 31 and 32 below). If 

all those changes were to be made, a so-called COR-grafted antibody would be 

obtained. That is, only the original CDRs would be retained from the murine 

antibody. In some cases. possibly, such CCR-grafted antibody may maintain the 

20 original binding affinity. In most instances, however, the affinity of a CDR· 

grafted antibody would be considerably less than that of the original xenogeneic 

antibody. In order to maximize the chanc_es for conserving the original affinity, 

the identities of all important amino acids must be preserved. 

(4) ld~ntifica1ion of impo"ant xenogeneic amino acids 

25 If. the outlined approach to a.nimalization (humanizing) an antibody is 

followed strictly, the arri,no acids that are corr~spondlngl~ impo~ant in the model 

xenogeneic antibody chosen in step 1 are retained. In a more preferred apP.roach, 

however,. the amino acids that hav.e been shown to occupy important positions 

in other antibodies of the same species or of the target. species may also be· 

30 retained and are therefore taken out from the group of candidates to be mutated. 

This preferred approach may be particularly appropriate when there is a chance 

that the amino acids in question could make contacts with the CDRs or with the 

opposite chains. Once the important xen_ogeneic amino acids are identified. the 

DNA sequence may be mutagenized to change all other amino acids, which for 

35 the most part occupy exposed positions. 

The present method is exemplified .for a murine antibody humanized with 
~ 

the intent of diminishing or avoiding a HAMA response upon its administration 
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to humans. fl :urine and hu~an antibodies. whose three-dimensional structures 

have been deduced to a high degree of resolution. were utilized as guidance in 

the choice of the amino acids to be substituted in order to humanize the 

particular murine antibody utilized. The method. however, may be applied more 

5 generally to transform antibodies from one species into a less immunogenic form 

to be administered to a second species, provided that adequate three· 

dimensional models are available for antibodies from those species. Information 

on other murine antibodies from a Data Bank was used in the exemplary 

disclosure provided below to· modify the BrE·3 and anti-KC-4 murine-human 

10 chimeric antibodies with human amino acids. Similarly, antibodies of other 

species besides murine may also be utilized, their CDRs and oiher amino acids 

preserved and those amino acids not considered "important" replaced with 

human. amino acids. Similarly, the above approach may be applied to the 

preparation of "animalized" antibodies for any animal species. This may be 

1 5 attained by substituting amino acids of the antibody target species into an 
l 

, -· antibody of another species in accordance with this invention. 

Various peptide structures, such as CDRs. and analogue antibodies. Fab, 

Fab', (Fab'l, , and variable fragments having a. desired specificity, may be 

constructed and optionally bridged via a linker. In addition, one or more of the 

20 peptides may be anached to one or more effector agentlsl or bridged via a 

linker, Multiple antibody, variable regions, Fab, Fab', (Fab'l2 , CDRs and the like. 

and combinations thereof, may also be constructed and bridged via linkers or 

attached to one or more effector agents such as are described below. 

The cDNAs encoding the analogue variable regions of an antibody of a 

25 desired specificity may be cloned into a vector, optionally containing sequences 

· encoding constant regions or fragments thereof, enzymes, neuropeptides. other 

peptide transmitters, toxins, hormones, operative conjugation regions, cvtokines. 

lymphokines and the like, optionally under the. same promoter. Although this 

is the cloni~g strategy utilized in the exemplary disclosure of this invention, Other 

30 methods known in the art may also be utilized such as co-expression and the 

like. In the exemplary disclosure provided herein, the anti-BrE-3 and anti-KC-4 

murine-human chimeric antibodies specifically binding to human mammary mucln 

and carcinoma cells was constructed by joining ~he DNAs of the anti-BrE·3 or 

anti-KC-4 murine variable domain to a human constant domain (an effector 

35 agent) cloned into a hybrid vector, and the product expressed by transfecting the 

vector into myeloma cells. The variable regions of the chimeric antibody were 

modified at the ONA level to obtain an analogue or "humanized" ct)imeric 

polypeptide. The modifications to the variable regions of the peptides may either 

be conducted by PCR amplification with primers that are custom tailored to 
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The analogue ·humanized" peptides prepared and exemplified below 

comprise the "humanized" variable regions of the anti-BrE-3 or anti-KC-4 murine 

antibodies !U.S. Patent Nos. 5,075.219 and 4,708.930, and the kappa and 

5 gamma 1 constant region of a human antibody. These humanized antibodies 

were characterized by their molecular weights and binding specificities. and 

shown to compete well with or better than the respective parent murine and 

chimeric antibodies tor the antigen'. The analogue "humanized" peptides were 

shown to bind weakly to normal breast, lung, colon and endometrium, and 

10 strongly to carcinoma tissue sections by the ABC immunoperoxidase method. 

The portions of the CDR and FR regions of the non-modified peptides (murine F. 

regions! and effector agents !human F. regionsl were shown in both cases to be 

substantially identical to those of the non-human and human antibodies from 

which they were obtained. The analog:ie peptides and hybrid derivatives of this 

1 5 invention lacking any non-human constant region seQuences possess less foreign 

,_) antigenic epitopes than the whole xenogeneic or chimeric antibodies from which 

they are derived. Accordingly, they· are expected to elicit a less complex 

immunogenic response in animals such as humans than the corresponding non· 

human whole antibodies or even than the chimeric antibodies. However, to 

·-

20 what extent a portion of the non-human FR amino acids may be replaced without 

altering the binding characteristics of the CDRs could not have been predicted 

prior to this invention because of the substantial conformational alterations in the 

interior regions that affect the binding of the CDAs to the antigen that may occur 

upon modification of amino acid sequences. 

25 Thus, the substantially pure, isolated analogue peptide of the invention 

specifically and selectively binds to an antigen- present on the surface or in the 

cvtoplasm of a carcinoma cell or that is released by the cell. The polypeptide· 

consists essentially of at least one CDR or variabl_e region of the light or heavy 

chains of an antibody of a first species having affinity and se>ecificitv for an 

30 antigen found on the surface or the ·cytoplasm of a carcinoma cell of another 

species or that is released by the cell; wherein when the framework regions 

(FRsl are present. about 1 to at least 46 amino acids in the FAs are substi.tu_ted 

per chain with amino acids, e.g., present in equivalent positions in antibodies of 

other species or similar amino acids. or fragments thereof comprising 1 to 3 

35 CDRs per chain, or 1 to 3 CDRs per chain plus flanking regions thereof. each of 

about 1 to 10 or more amino acids, alone or plus an N-terminal fragment of 

about 1 to 10 or more amino acids, combinations thereof wherein each analogue 

peptide is operatively linked to at least one other analogue peptide. combinations 

thereof and mixtures thereof. 
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A single unit of the analogue peptide of the invention may be as short as 

the shortest CDA and as long as the longest combination of variable regions, 

antibodies. and the like, including non-peptide polymers of up to about 108 

molecular weight, and in some instances even larger. When several units are 

5 linked or other combinations provided. the size of the analogue peptide increases 

accordingly. The smaller molecular weight analogue peptides are particularly 

suited for greater penetration of cells, the brain-blood barrier, and tumors, among 

others. and have a shorter half life, whereas the higher molecular weight 

polypeptides are suited for either in vitro or in vivo applications such as therapy, 

10 imaging and diagnosis. The latter are generally cleared from the body over a 

longer period of time. 

The analogue peptide of the invention may contain amino acid seQuences 

derived from light and/or heavy chains of antibodies of a first or xenogeneic 

species raised against a variety of antigens and/or epitopes. For example, the 

1 5 murine antibodies disclosed in the examples were raised against human 

. j mammary fat globule mucin (BrE-~1 and the • KC-4 • antigen in human carcinoma 

cells (KC-41. Other antigens comprising a variety of epitopes may also be utilized 

to generate the xenogeneic antibodies as long as the antibody contributing the 

variable region displays low affinity and specificity for normal cells and higher 

20 affinity and specificity for human carcinomas that will permit their specific 

binding to carcinoma cells, preferably, in a variety of tissues. Similarly, the 

antibodies may be raised in animals of different xenogen~ic species. The 

antibodies from which the polypeptide of the invention is derived may be a 

murine, rat, goat. birds including poultry, rabbit, guinea pig, equine, bovine, and 

25 primate including human and simian, antibodies. among others. The preparation 

of the antibody and fragments thereof encompassed by the invention is similar. 

whether the origin of the antibody is human or non-human. The original variable 

region mRNA may be obtained from cells of any desired xenogeneic species and 

the remainder of the work-up is similar, utilizing a model antibody of the same 

30 xenogeneic species and substituting amino acids from the target species. 

The humanization procedure described here is designed to minimize 

potential losses in antigen binding affinity that may result from the introduced 

amino acids. In the case of the BrE-3 antibody exemplified below. eight amino 

acid changes were made in the variable region of the light chain and in the 

35 variable region of the heavy chain. In the case of the anti·KC-4 antibody 

exemplified below, seven amino acid changes were introduced in the variable 

region of the light chain and twelve amino acid changes were made in the 

variable region of the heavy chain. Furthermore, to minimize the immunological 

response to the humanized antibody, target human amino acid seQuences were 
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used that comprise the consensus seauences of all ap;.ropriate human variable 

regions. Nevertheless. neither the exemplified amino acid changes nor the 

exemplified human target seauences are the only choices encompassed by this 

invention. Many other individual amino acid changes and permutations thereof 

5 may be made without the expectation of significantly affecting either the affinity 

of the resulting antibody or its human immunogenicity, as taught herein. 

The following Tables 10 and 11 indicate other possible amino acid 

changes for the variable regions of the BrE-3 and KC-4 seau·ences of the 

invention. The amino acid positions (or numbersl are as conventionally accepted 

10 !Kabat et al., 1991, supra). The most preferred changes are indicated under the 

heading ·Most Preferred Analogue·. For antibodies other than the BrE-3 and 

anti-KC-4 antibodies, the amino acids shown in the BrE-3 and KC-4 columns 

become also part of the group of most preferred choices. Amino acid changes 

that are not part of the most preferred group but that are still part of this 

15 invention are indicated in the next column under the heading ·Preferred 

Analogue". In some instances, the "Preferred Analogue" choices become too 

numerous and the least acceptable choices are provided instead for that position. 

Clearly, all amino acids other than those listed under "Not Preferred Analogue• 

may be substituted at that position. 

Table 10: Alternative Amino Acids for VL Chain 

VL BrE3 

FR1 
1 D 
2 V 
3 V 
4 M 
5 T 
6 a 
7 T 
8 p 
9 L 

10 s 
11 L 
12 p 
13 V 
14 s 
15 L 
16 G 
17 D 
18 a 
19 A 
20 s 
21 I 

22 s 
23 C 

KC4 

D 
V 
L 
M 
T 
a 
T 
p 
L 
s 
L 
p 
V 
T 
p 
G 
e· 
p 
A 
s 
I 
s 
C 

Most Preferred 
Analogue 

I 
LIVI 
LVI 

IAOS 
AE 
FP 
T 
NV 
s 

TCSI 
PRL 

TEOCOI 
PSCOI 
V 

22 

Preferred 
Analogue 

WKCRH 

FTO 

Not Preferred 
Analogue 

WIPLMCRT 

YC 

WVMCGH 
WVFKCN 
WVMH 
HOO 
WVCRGH 
WIKH 
YKCRHN 
WMCE 
WVCGHONEQ 

WIYFPMCR 
WVFCAHON 
WPKMCRTHNO 
WPLCHD 
WPKCGOEQ 
WVMCHE 

·- ---- ·----------
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Tebl!: 10: Alternative Amino Acids for Vl Chain !Cont.) 

BrE3 KC4 Most Preferred Preferred Not Preferred 
Analogue Analogue Analogue 

FR2 
35 w w 
36 F. F YL{Fl IVHN 
37 L L a 'NLVKRTHDE 
38 a a IFMCATSDN 
39 K K R WIPMCA 
40 s p P1Sl FLKARTGO 
41G IVFPMCT 
42 a a WYVCD 
43 s s p WYFKMHDNEO 
44 p p WYKCRGHOO 
45 K Q EORIKI YPCGHD 
46 L l· RV· KCO 
47 L L V WILMTSN 
48 I I FPLVMTS 
49 y y s PLVMA 

j F.R3 
57 G G \WTSGONEO 
58 V V IYFLVMATO 
59 p p s 
60 D D N WFMCR 
61 R A T 
62 F F 
63 s s T IYPLKARSG 
64 G G 0 
65 s s 
66 G G YCHDQ 
67 s s A VKMCRHN 
68 E G GDIEJ VMCARSGQ 
69 T T WPMCE 
70 D D WIFPMCR 
71 F F WKMTEO 
72 T T WLMCGHNEO 
73 L L 
74 K K NLRE WLMCHD 
75 I I L 
76 s s IT LVMC 
77 R R s WYFLKCHO 
78 V V ALI WYFKCRHNE 
79 E E KGQ WVKM 
80 A A p WLKM 
81 E E ILVKMAGDNE 
82 D D 
83 L V MV(LI WCRH 
84 G G LVARTSG 
85 V I IMIVI WFKCO 
86 y y 
87 .F y YLIA IMSHE 
88 C C 

23 
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~ :~.Alternative Amino Acids for VL Chain !Com.I 

BrE3 ·KC4 Most Preferred 

FR4 
98 F. 
99 G 
100 G 
101 G 
102 T 
103 K 
104 L 
105 E 
106 
106 a 
107 K 

. Analogue 

F. 
G 
G 
G 
T 
K 
L 
E 
I 
a 
K 

ASO 

NR 
V 

R 

Preferred 
Analogue 

Not Preferred 
Analogue 

IYMATGHDEO 
LG 
ILVTSGHNEO 
YLVKMRTO 
PLVTI 
ILVMATSGNE 

Tabl; 11: Alternative Amino Acfds for V" Chain 

VL BrE3 KC4 Most Preferred Preferred Not Preferred 
Analogue Analogue Analogue 

FRl 
1 E E Q PVLKARGHOEO 
2 V V M WYPKCRHV 
3 K a OR(KI L 
4 L M WYICCRSN 
5 E V VOCE) WYCG 
6 E E OD WLYFMSH 
7 s s T IMCRHO 
8 G G E 
9 G G WIYICCRNQ 

10 G G DA WIYFMCH 
1 , L L VF WKCGHN 
12 V V I WYPTHD 
13 a a KE WYFCO 
14 p p WIYMCRDQ 
15 G G IYCHN 
16 G G RSE WIYFMC 
17 5 s PA WIYCHONE 
18 M WYCO 
19 K R AIICI WIYPCH 
20 ·L L V WYFPKDNQ 
21 s s WMH 
22 C C 
23 A A TSE WFLMC:H 
24 A A V WKMCRHNEQ 
25 s s WIVMRHOEQ 
26 G G 
27 F F WPMCR 
28 T A AINSIT) CHO 
29 F F WYICCRHDNEQ 
30 s s WLMCDQ 

24 
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Vl BrE3 KC4 Most Preferred Preferred Not Preferred 
Analogue Analogue Analogue 

FR2 
36 w w 
37 V V WIFLVMATGO 
38 R R YFS 
39 a a FPVMCA 
40 s A VAIS! WY 
41 p p TS PL VARTSHNEQ 
42 E G GIEi YPLKMCTHN 
43 K K WIYLVCS 
44 G G SR WIFMCH 
45 L L 
46 E E a FPMCRTD 
47 w w PMARNO 
48 V V STG YPKCARTHNQ 
49 A A WFPKCRHNO 

FR3 
·, 66 R A WYL VMCATSOE 
·' 67 F F WYPKMHNEQ 

··"' 68 T T IS WYPGE 
69 I I WYKCHNO 
to s s L WVMCHDEO 
71 R R WYFCHDO 
72 D D N VKRTSGHOE 
73 D N N(OI WYFLC 
74 s s A FPLVTGON 
75 K K EN NPCGD 
76 s N NTRKISI WFPLMCE 
77 R T TNIVSMIRJ WFC 
78 V L LAIVI WKCRNE 
79 y y FH WPG 
80 L L 
WYLKCARGHEO 
81 a a E WYFPC 
82 M M YPCTGHDEO 
82a I N SON(II WMO 
82b s s IR WYFPLMHQ 
82c l ·L PLVMAGE 
83 R R EKT WILCH 
84 A A SPVTI WKCOEO 
85 E E 0 WIYFPLMCRG 
86 D 0 

-- 87 T T M WLVMCNE 
88 G A AIGJ 

WYP,KGEQ 89 L V ITVMIU 
90 y V HF 

WlPLVICMAGQ 91 y y 
92 C C 
93 T A ASHAV(T) WIFR 

. 94 G A RIG) TSDQLAW 

FR4 
103 w w A 
104 G G YH 
105 a a THR IYFLVMCOO 
106 G G 

, 107 T T AO 
108 L L STGM WYCHOE 
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Table 1,: Alternative Amino Acids for V,. Chain {Cont'd.I 

VL BrE3 KC4 

109 V V 
110 T T 
111 V V 
112 s s 
113 A s 

Most Preferred 
Analogue 

LT 
SL 

T 
SIA) 

Preferred 
Analogue 

IK 

PLVATG 

Not Preferred 
Analogue 

Similar tables may be constructed tor any and all amino acid seQuences 

for other xenogeneic antibodies as taught herein. 

In one particularly preferred embodiment of the invention. the humanized 

· .anti-carcinoma analogue peptide comprises the amino acid seciuence ID No. 67 

5 to 73 of Table 47, the sequence ID No. 75 to 81 of Table 48. the sequence ID 

No. ~5 to 102 of Table 55 and/or the sequence ID No. 103 to 108 of Table 56, 

and the sequences wherein about 1 to 46 or more amino acids in the FR are 

substituted per chain with amino acids such as those present in eQuivalent 

positions in human antibodies. odra_gments thereof comprising , · to 3 CDRs per 

10 chain or 1 to 3 CDRs per chain plus flanking regions thereof, each of ab.out 1 to 

10 or more amino acids. alone or plus an N-terminal fragment of about 1 to 10 

or more amino acids, or combinations thereof wherein each analogue peptide is 

operatively linked to at least one other analogue peptide, and mixtures thereof. 

The present analogue peptide_ is provided either as a naked peptide or in 

1 5 glycosylated form. When provided in glycosylated form, the analogue peptide 

may be operatively linked to a glycosyl residue(sl provided by the eukaryotic cell 

where it is expressed. or it may be cloned and expressed in a prokaryotic cell as 

the naked polypeptide and the glycosyl residuelsl added thereafter. for example 

by means of ~lycosyl transferases as is known in the art. Examples of glycosyl 

20 residuelsl that may be added to the analogue peptide of the invention are N

glycosvlated and 0-glycosylated residues. among others. The glycosvf residues 

added to the naked analogue peptide may have a molecular. weight of about 20 

to 50,000 daltons, and more preferably about 100 to 20,000 daltons or greater, 

depending on the size and molecular weight of the peptide to which they ~re 

25 attached. However, other types of polysaccharides and molecular weights may 

also be present. The glycosvl residues may also be attached· to the naked 

analogue peptide of the invention by chemical means as is known in the art. 

A single CDR is the smallest. part o_f an antibody known to be capable of 

binding to an antigen. The sequences of the VL and V" .CDRs ·of the BrE-3 

30 exemplary analogue is shown in Tables 47 and 48 below. Thus, small peptides. 

that have the sequence of a single CDR can bind antigen and are, therefore. 

26 
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suitabl>J for imaging tlJmors, in vivo. ). co~ anached to. a·n effector peptide may 

be synthesized chemically or recor:nbinantly encoded in a ONA segment. Such 

small molecules have great tumor penetration and extremely rapid clearing 

properties when compared to larger antibody fragments. In some cases. it is 

5 more convenient to produce these small molecules by chemical synthesis. as is 

known in the art. .rather than by fermentation. In many cases. these small 

peptides are completely non·immunogenic and an immune response. such as the 

HAMA response. is altogether avoided. Also preferred are 2 and 3 COR units per 

chain operatively linked to one another by 1 to 10 or more amino acids and up 

10 to the entire inter-CCR segment length as positioned in the variable regions. 

15 

Heavy and light chain analogue variable regions may be obtained 

individually or in V,.,IVL pairs. or anached to an effector peptide such as a 

constant regionlsl or portions thereof, a drug, an enzyme, a toxin. a whole 

antibody, or any other molecule or radioisotope. The fragments of the analogue 

variable regions may be synthesized chemically as is known in the art or from the 

DNA segments encoding the non-human variable regions. This may be attained 

by PCR amplification of the ONA' with primers synthesized to contain the desired 

mutationlsl as is known in the art. Similarly, the fragments encoding analogue 

variable regions may be synthesized chemically or obtained by established 

20 cloning methods of restriction digestion, ligation, mutagenesis, and the like. as 

is known in the art. 

There are advantages to using the different molecular variants of the 

analogue peptide depending on the specific applications ·for which ~hey are 

intended, some of which are listed below. 

25 a) Smaller molecules penetrate target tissues more efficiently and 
-are cleared from the body much more rapidly than larger molecules. 

bl Single chain molecules can be manipulated and synthesized more 
efficiently that multiple chain molecules. 

cl Many of these variants can be synthesized efficiently and 
30 inexpensively in bacteria. including the non-glycosylated analogues. 

di Bi;functional or multifunctional molecules may carry polypeptide 
effectors, such as enzymes, toxins. radioisotopes. drugs, and _other molecules. 
to a target tissue. 

The following list encompasses exemplary analogue peptides of the 

35 invention engineered with molecules derived from antibodies or antibody 

fragments. These analogue peptides; among others, are suitable for the practice 

of this invention. A more extensive list of polypeptide constructs may be found 

in O'Kennedy, R., and Roben. P. (O'Kennedy, R., and Roben, P., ·Antibody 

Engineering: an Overview". Essays Biochem. (England) 26:59-75 1199111. 

40 The analogue peptides and hybrid peptides of this invention encompass 

CDRs and/or analogue variable regions, monoclonal antibodies. antibody 

27 
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fragments such as Fab, Fab'. (Fab');. and fragmt- s th;reof, CDRs. constant 

regions. single or multiple-domain and catalvtic ·agments. bi-functional or 

multifunctional combinations thereof. enzymes. peptide hormones. molecules 

such as drugs and linkers, transmitters. and toxins .. among others. These are 

5 suitable for imaging, therapy, and diagnostics. 

Single-Chain Antigen-Binding ~olypeptides 

A method for constructing single chain antigen-binding polypeptides has 

been described by Bird et al. (Bird, R.E .• et al., Science 242:243·246 11988): 

Bird. R.E .• et al., Science 244:409 119891). ~ingle Chain F. I scF.or sF.I are 

10 single chain analogue peptides containing both Vl and V .. wit!' a linker such as 

a peptide connecting the two chains (Vl·linker·V,.J. The engineering may be done 

at the ONA level. in which case knowledge of the seQuence is reQuired. These 

analogue peptides have the conformational stability, folding, and ligand-binding 

affinity of single-chain variable region immunoglobulin fragments and may be 

15 expressed in E. coli. (Pantoliano, M.V .• et al., Biochem. (USI 30:10111:25 

11991 I). The peptide linker binding the two chains may be cf variable length, for 

example. about 2 to 50 amino acid residues, and more preferably about 12 to 25 

residues, and may be expressed in E. coli. !Pantoliano. M.V., et al. 119911. 

supra!. An analogue peptide such as an scF. may be expressed and prepared 

20 from E.coli and used for rumor targeting. The clearance profiles for scF. in some 

situations fragments are advantageous relative to those of normal antibodies, 

Fab, Fab' or (Fab'l 2 fragments. (Colcher, 0., et al., J. · Natl. Cancer Inst. 

82:1191-7 (19901). Another type of analogue peptide comprises a VM·linker·V~ 

and may have about 230 to 260 amino acids. A synthetic gene using E. coli 

2 5 codons may be used for expression in E. coli. A leader peptide of about 20 amino 

acids. such that of Trp LE may be used to direct protein secretion into the 

periplasmic space or medium. If this leader peptide is not narurally cleaved, the 

sf. analogue peptide may be obtained by acid cleavage of the uniQue asp-pro 

peptide bond placed between the leader peptide and the sF.·encoding region 

30 

35 

!Houston, J.S .• et al., ·Protein Engineering of Antibody Binding Sites: Recovery 

of Specific Actjvity in an Anti-Oigoxin Single-Chain F, Analogue Produced io E. 

coli.·. PNAS (USAI 85 1161:5879-83 (198811. The constructi_on, binding 

properties, metabolism and tumor targeting of the single-chain F. analogue 

pePtides derived from monoclonal antibodies may be conducted as previously 

described (Milenic, O.E., et al., Cancer Res. (US) 51 (23 ptll:6363-71 119911; 

Yokota, et al., ·Rapid Tumor Penetration of a single-chain F. and Comparison 

with Other lmmunoglobulin Forms·. Cancer Res. (US) 52(121:3402-8 1199211. 

This type of analogue peptide provides extremely rapid tumor penetration and 

28 
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even distribution throughc:n tumor .;,ass ~ompar;d to 1;G or lg fra

0

g;,,ents 
1

Fab 

and Flab'l7 • 

Bifunctional scF.·Fxn or Fxn-scF: 

An example of this type of analogue peptide is a Vl·linker·V,. with an 

5 effector peptide such as a hormone: enzyme, transmitter. and the like. These 

hybrid analogue peptides may be prepared as described by Mccarney et.' al. 

IMcCarney, J.E. et al., ·Biosynthetic Antibody Binding Sites: Development of a 

Single-Chain F. Model Based on Antidinitrophenol lgA Myeloma MOPC 31 s·. J. 

Protein Chem. (USI 10 (61:669-83 (199111. A bi-functional hybrid analogue 

10 peptide containing an F,binding fragment B of staph protein A amino terminal 

to a single-chain analogue F. region of the present specificity is also 

encompassed and may be prepared as previously described. (Tai. M.S •• et al.. 

Biochem. 29 135):8024·30 11990)1. In mis example of a hybrid analogue peptide 

of this invention.is a Staph. A fragment B (anti F,11 • scF. polypeptide. The order 

15 is backward of normal cases. This FB·sF. may be encoded in a single synthetic 

gene and expressed as peptide· in E. coli. This analogue peptide is a good 

example of a useful multifunctional target.able single-chain polypeptide. A hybrid 

analogue peptide also comprising antibodies to a human carcinoma receptor and 

angiogenin is also part of this invention. Angiogenin is a human homologue of 

20 pancreatic RNAse. This is an 1Fab')2·1ike antibody-enzyme peptide effector. 

Another hybrid analogue peptide comprising a V"·CH1 heavy chain-RNAse may 

be expressed in a cell that secretes a chimeric light chain of the same antibody. 

A secreted antibody of similar structure was shown to cause the inhibition of 

growth and of protein synthesis of K562 cells that express the human transferrin 

25 receptor (Rybak, S.M., et al., ·Humanization of tmmunotoxins", PNAS 89:3165· 

3169 11992)1. 

Bi-specific Antibodies 

A monoclonal antibody or antibody fragment may be incorporated into 

a bi-specific analogue peptide as described, for example, by Greenman et al. 

30 (Greenman, J., etal., Mol. lmmunol. (England) 28 1111:1243·54 11991). In.this 

example, a bi-specific F(ab'h comprising two. (Fab'·lthioether·link)•Fab'f was 

constrUcted. Bi-specific antibodies may also be obtained when two whole 

antibodies are attached. Another way to obtain bi-specific antibodies is by 

mixing chains from different antibodies or fragments thereof. In this manner the 

35 "left" branch of the bi-specific antibody has one function white the "right· b:anch 

has another. 
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Phage Display Libraries 

The analogue peptides in accordance with this invention may be screened 

with a filamentous phage system. This system may also be used for expressing 

any genes of antibodies or fragments thereof as well as for screening for 

5 mutagenized antibody variants as described by Marks et al. (Marks. J.O .• et al .. 

• Molecular Evolution of Proteins on Filamentous Phage. Mimicking the Strategy 

of the Immune System·. J.Mol. Biol. !England! 267 1231:1607·10 1199211. A 

library of V H and V. genes or analogue thereof may be cloned and displayed on 

the surface of a phage. Antibody fragments binding specifically to several 

10 antigens may be isolated as reported by Marks (Marks. J.C., "By-Passing 

Immunization. Human Antibodies from V-gene Libraries Displayed on Phage•. J. 

Mol. Biol. !England) 222 131:581-97 1199111. 

Covalent Oligosaccharide Modifications 

The present analogue peptides alone or as hybrid peptides comprising 

15 antibodies and fragments thereof may be, e.g., covalently modified utilizing 

oxidized oligosaccharide moieties. The hybrid analogue peptides may be 

modified at the oligosaccharide residue with either a peptide labeled with a 

radioisotope such as us, or with a chelate such as a 

diethylenetriaminepentaacetic acid. chelate with min. The use of 

20 oligosaccharides provides a more efficient localization to a target than that 

obtained with antibodies radiolabeled either at the amino acid chain lysines or 

tvrosines CRodwell. J.C. et al.. ·site-Specific Covalent Modification of 

Monoclonal Antibodies: In Vitro and In Vivo Evaluations·. PNAS IUSAI 83:2632· 

6 (198611. 

25 Of the analogue peptides ot this invention, preferred are those having the 

sequences I':) Nos. 67 through 73, 75 through 81, 95, 96. and analogues thereof 

wherein about 1 to 42 amino acids in the FR are substituted per chain with 

amino acids such as 'those present in equivalent positions in antibodies of the 

species for which the analogue is intended. such as human. or fragments thereof 

30 comprising 1 to 3 CDRs per chain and flanking regions thereof. each of about 1 

to 10 or more amino acids, alone or with an N•terminal fragment of abou~ 1 to 

10 amino acids, or up to the complete N•tenninal region, or combinations 

thereof. Examples of possible substitute amino acids in all positions. including 

the most important positions are shown in Tables 10 and 11 above. and are 

35 indicated in the columns titled BrE-3 and KC-4. ·Most Preferred Analogue and 

Preferred Analogue" amino acids substituents. Others are also suitable as may 

· be deduced by the method described herein. These amino acid sequences niay 

be bound by a peptide or non-peptide linker such as is known in the art. 

30 
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Examples of peptide linkers are polylysjr,es, l;ucine·ztPP~rs.:EGKSSG.SGS~JI :J. 
and IGGGGS)x3·. and non-peptide polymers. among others. Effector agents: ;n 

as peptides and non-peptides may also be attached to the analogue peptidt: s of 

the invention. These include non-peptide polymers. monomers, atoms. uc .• 

5 which are discussed below. 

Another preferred embodiment comprises a bi-functional analogue peptide 

having a pair of light and heavy chains of the same specificity attached to one 

another by a linker, such as those provided above. In another preferred 

embodiment, a bi-functional analogue peptide comprises one set of light and 

10 heavy chains comprising at least one xenogeneic CDR or variable region. e.g., 

the amino acid seQuence ID No. 1 1 or 13 of Tables 15 and 16. sequence 10 No. 

95 or 96 from Tables 55 and 56 below. or the respective CORs alone or 

separated by 1 to 10 amino acids and up to the entire amino acid segments of 

their flanking sequences, and optionally with 1 to 10 amino acids of each N· 

1 5 terminal region, sequence 'ID No. 68, 70 and/or 72, alone or with flanking 

sequences of varying length, or 76, 78 and/or 80, alone or with flanking 

sequences of varying length, with the modifications shown above, wherein about 

1 to 42 amino acids in the FR are substituted per chain with amino acids such 

as those present in equivalent positions in antibodies of the target species. or 

20 fragments thereof comprising 1 to 3 CORs per chain and flanking regions thereof. 

each of about 1 to 1 0 or more amino acids. alone o·r with an N·terminal fragment 

of about 1 to 1 0 or more amino acids, and one set of light and heavy chains 

comprising at least one xenogeneic CDR or analogue variable region, e.g., amino 

acid sequence ID No.11, 13, 95, or 96 having a different set of substitute amino 

25. acids. wherein about 1 to 46 or more amino acids in the FR are substituted per 

chain with amino acids such as those present in equivalent positions in 

antibodies of the target species. or fragments comprising 1 to 3 CDRs per chain 

and flanking regions thereof, each of about 1 to· 10 or more amino acids. alone 

or with an N-terminal fragment of about 1 to 1 O or more amino acids. or 

30 fragments or combination thereof. Multi-functional hybrid analogue peptides may 

comprise several identical units or combinations of the above bi-functional 

analogue peptides of the same or different specificities or xenogeneic species. 

Preferred analogue peptides are those comprising murine CDRs and other regions 

substituted with human amino acids. 

35 In another aspect, this invention provides a hybrid analogue polymer that 

. comprises at least one anti-tumor analogue peptide and at least one effector 

agent operatively linked to the peptide. combinations thereof and mixrures 

thereof. The effector agent utilized in this invention comprises peptide polymers 

other than the constant region !t an antibody of the same species as the CORs, · 

31 

\ 

BIOEPIS EX. 1002 
Page 4114



-· 

WO 9 i1509 P<JF/US93/11445 · • . . . . . . . .. . " . ,. . 
• • • • • J 

non-,,ept1de polymers, monomers. atld atdms suet, 'lls ml!tals. In orfe•particdlarly 

preferred embodiment. the effector agent may comprise an atom such a 

radioisotope. an enzyme or a fluorescent .label. These effector peptides are 

suited for in vivo and in vitro assays because they permit the 'identification of 

5 complexes formed by the peptide of the invention. Radioisotopes are particularly 

preferred tor in vivo imaging. Polypeptide. labeling is known in the art 

(Greenwood. F.C .• et al .• Biochem. J.89:114·123119631). When a glycosylated 

polypeptide is utilized. the radiolabel may be attached.to the glycosyl residue as 

is known in the art (Hay, G.W. et al, in Methods in Carbohydrate Chemistry, Vol 

10 5:357, Whistler, R.L. Ed., Academic Press. NY and London 11965)1. Effector 

agents comprising a monomer may be therapeutic. immunogenic or diagnostic 

agents. radioisotopes. DNA, or RNA monomers. chemical ·tinkers. chemical 

chelators, transmitter molecules, combinations thereof, or combinations thereof 

with peptide and non-peptide polymers or copolymers and atoms. Examples of 

15 therapeutic agents are anti-neoplastic drugs such as vincristine. intercalation 

drugs, adriamycin. enzymes, toxins and hormones. among others. Examples of 

immunogenic agents are other vaccines against tumors such as r carcinomas or 

for others purposes. Examples of diagnostic agents are radioisotopes and 

enzymes. among others. Examples of therapeutic. immunogenic and diagnostic 

20 agents are toxins. vaccines, and radioisotopes. among others. Examples of 

radioisotopes are 111 1n, "S. •0v, 111Re, 22'Ac, 1211 and •--re. among others. 

Examples of ONA and RNA monomers are A. T, U. G, C, among others. 

Examples of chemical linkers are dithiobis(succinimidyl)propionate and bis· 

lsulfosuccinimidyllsuberate, among others. Examples of transmitter molecules 

25 are cAMP and cGMP, among others. Examples of toxins. are ricin A-chain and 

abrin A-chain. among others. 

When the effector agent is a non-peptide polymer linked to the analogue 

peptide of the invention it may comprise an ester, ether, vinyl, amide. imido. 

alltylene, arylalltylene, cyanate, urethane, or isoprene polymers, DNA polymers. 

30 RNA polymers, copolymers thereof and copolymers thereof with peptide 

polymers or monomers. or have labeled atoms attached thereto. Examples of 

these are polyesters, polyethers, polyethyleneglycols, polyvinyls, polyamido and 

polyimido resins. polyethylenes, polytetrafluoroethylene. 

polylethylenelterephathalate, polypropylene. silicone rubber, isoprenes and 

35 copolymers thereof, copolymers of silicone and carbonated polylactic or 

polyglycolic acid or collagen, and the like . Particularly preferred are 

. biodegradable and bioresorbable or bioabsorbable materials, which if detached 

from the polypeptide and left in the systemic circulation will not damage 

endogenous tissues. The effector agent being a peptide may comprise 

' \· 
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antibodies such as lgA, lgG. lgM. lg' or I!)[ nrf !iQl'l.Staat re~ .m oi. antibo&es 

of a species different from the variable reg =· 1 or fragments thereof. and the 

CDRs. variable regions. Fab, Fab'. (Fab'l 2 fra~nients of antibodies of the classes 

described above, hormones. enzymes, peptide transmitters and whole antibodies. 

5 · combinations thereof. and combinations thereof with non-peptide polymers. 

copolymers, monomers and .atoms such as radioisotopes. Examples of other 

antibodies. Fab, Fab', (Fab'l,. CDRs and variable regions thereof are those that 

specifically bind tumor epitopes such as those of carcinomas. including the 

murine BrE-3 and anti-KC-4 antibodies and others having specificities for different 

10 tumor epitopes such as the BrE-1 (ATCC No. HB 9738), BrE-2 (ATCC No. HB 

97951. and Mc5 antibodies. among others. and fragments thereof. All of the 

antibodies exemplified above selectively bind to the human mammary mucin, and 

more particularly to the human mammary fat globule (HMFG). However, 

antibodies with different specificities for antigens of the target species are also 

15 · encompassed. Examples of peptide transmitters and hormones suitable for use 

herein are insulin, growth hormone, FSH, LH, endorphins. and TNF. among 

others. Examples of enzymes are peroxidase. LOH, alkaline phosphatase and 

galactosidase. among others. 

In a particularly preferred embodiment of the hybrid analogue, the 

20 analogue peptide polymer of the invention comprises non-human CDRs and 

variable region sequences. and the effector peptide comprises the constant 

region of the light or heavy chains of a human antibody or fragments thereof 

capable of being bound by immunoglobulins of a different. species selectively 

binding to the constant regions of antibodies, protein G or protein A. or 

25 fragments having this binding capability. Also preferred is a half humanized/half 

chimeric or murine antibody {e.g., humanized light chain and murine or chimeric 

heavy chain and vice versa). In one of the most preferred embodiments, the 

analogue peptidelsl comprise(sl all CDRs. flanking seQuences of 1 to 10 amino 

acids connecting them, and an N-terminal region of at least up to ·1 0 amino 

30 acids. One preferred embidiment comprises the fully humanized BrE-3HZ or 

HuBrE3V2, ATCC No. HB 11200 and the fully humanized HuKC-4HZ or 

HuKC4V2, ATCC No. HB 11455, both of which were deposited under the 

Budapest TreatY as an example of a best mode of this invention on November 

13, 1992 and September 23, 1993, respectively. Other most preferred 

35 embodiments are those having chimeric heavy chains and humanized light chains 

such as the HuBrE3V1, ATCC No. HB ___ , deposited on November 10, 

1993. and the HuKC4V1. ATCC No. HB 11454 deposited on September 23, 

1993, and those having chimeric light chains and human.ized heavy chains such 

as the Hu8rE3V3, ATCC No. HB deposited on November 10, 1993, and 

33 

BIOEPIS EX. 1002 
Page 4116



-· 

W( 14/. 1509 PCJ:1L'S93/l 1445 . . . ' . . . . 
I .. e • • • I ' I !. 

• • • • • • • s 
•· • t t • • I I 

HuKC4V3. ATCC No. HB H456 deposited on September 23. 1993. all of which 

deposited under the Budapest Tr,aw as an example of a best mode of this 

invention). 

The hybrid analogue polymer may comprise two heavy and two light 

5 chains. each light and heavy chain comprising at least one COR or analogue 

variable region polypeptide or fragments thereof of one species and the constant 

region and the substitUle amino acids of an antibody of a different species such 

as human. at least one other CCR, analogue variable region, chimeric Fab • Fab' 

or (Fab')2 , fragments thereof. combinations thereof, and mixtures thereof. Still 

1 O more preferred is a hybrid analogue peptide comprising at least two ·humanized• 

murine-human or chimeric antibody fragments thereof, Fab_. Fab' or (Fab'l2 

fragments thereof operatively linked to one another. The peptide fragments may 

be covalently attached to one another as is known in the art (Marchis-Mouren G .• 

et al.. ·HT 29. a Model Cell Line: Stimulation by the Vasoaetive Intestinal Peptide 

15 (VIPJ; VIP Receptor Structure and Metabolism", Bioch. 70 151:663-71 1198811. 

or they may be synthesized by methods known in the art (Allen, G .• et al., 

·Production of Epidermal Growth Factor in Escherichia _Coli from a Synthetic 

Gene·. J. Cell Sci. Suppl. 3:29·38 1198511. 

The hybrid analogue polymer of the invention described above may have 

20 two heavy and two light analogue chains operatively linked to one another, 

where each pair of heavy and light chains, has specificity for a different epitope. 

One example of this analogue peptide is a pair of •humanized• variable region 

heavy a,:,d light chains of a BrE·3 analogue peptide and a pair of ·humanized" 

variable region light and heavy chains of a KC-4 analogue peptide ·that are 

25 covalently attached to one another by a peptide or non-peptide polymer or a 

disulfide bridge. or non-covalently by means of a leucine zipper or two helical 

structures, a~d the like. Non-peptide. polymers may be covalently anached to 

peptides by methods known in the art (Duronio, V .• et al., ·Two· Polypeptides 

Identified by Interleukin 3 Cross·Unking Represent Distinct Components of the 

30 Interleukin 3 Receptor•, Exp. Hematol. 20 141:505-11 (1992ll. In another 

embodiment, the invention provides a hybrid analogue peptide comprising at 

least one CCR or analogue variable region of the heavy chain of an antibody of 

a first species or fragments thereof. operatively linked to a first effector agent, 

and at least one CCR or analogue variable region of the light chain of an antibody 

35 of a second species or fragments thereof operatively linked to a second effector 

agent and combinations thereof; wherein each pair of light and heavy chains has 

a predetermined specificitv, combinations thereof, and mixtures thereqf. In 

another preferred embodiment of the hybrid analogue peptide, at least one CCR 

or analogue variable region of the heavy chain of a murine antibody or fragments 
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thereot and at least one CDR or variable !Qion of the light chain of a murine 

antibody or fragments thereof are linked to one another by a non-peptide polymer 

such as an isoprene polymer or monomer. In still another preferred embodiment, 

the hybrid analogue peptide of the invention is one wherein at least one pair of 

5 light and heavy chains comprising at least one murine CDR or analogue variable 

region or fragment thereof is linked to at least one other pair of light and heavy 

chains comprising at least one murine CDR or. analogue variable region or 

fragment thereof. In another embodiment the two or more F. regions are 

covalently attached to one another by a peptide or non-peptide polymer or a 

10 disulfide bridge. or non-covalently by means of a leucine zipper or two helical 

structures. and the like. In a most preferred embodiment, the arialogue peptides 

and hybrid polypeptides of the invention have affinity and specificity for an 

epitope located in the most hydrophilic region of a 20 amino acid tandem repeat 

that makes up a large part of the polypeptide core of mammary mucin, to 

1 5 . hexamer fragments of the seauence APDTRPAPG or trimer TRP fragments shown 

to afford the strong binding of all five different monoclonal antibodies raised 

against the human mammary fat globule CMc1. Mc5. BrE-1. BrE-2 and BrE·3!. 

The monoclonal antibodies were shown to bind to different but overlapping 

polypeptide epitopes but to have different tissue and tumor specificities. to 

20 quantitatively differ in their binding to tumor cells such as breast carcinoma cell 

lines when observed by flow cvtometry and have different competition panems 

for binding to the native antigen on breast carcinoma cells. Also preferred 

amongst antibodies utilized for the preparation of the present analogue peptide 

and hybrid polypeptide are those that exhibit strong binding to the hexamer 

25 peptides described above or to fragments comprising a TRP trimer to tandem 

repeats thereof. In one most preferred embodiment, the analogue peptide 

comprises the humanized mutein antibody expressed by the hybridoma cell line 

having the A TCC Accession No. HB 11200 (BrE-.3 HZI. This cell was deposited 

with the ATCC under the Budapest Trearv on November 13, 1992. In another 

30 most preferred embodiment, the analogue peptide comprises the humanized 

mutein antibody expressed by the hybridoma cell line having the A TCC 

Accession No. HS 11455 (HuKC-4V21, deposited under the Budapest Treatv·on 

September 23, 1993. These were deposited as the best mode of the invention 

known to the inventors. 

35 The anti·tumor analogue peptide and/or hybrid analogue polymer of the 

invention are also provided as an anti-tumor composition along with a carrier or 

diluent. preferably a pharmaceutically-acceptable carrier or diluent. The anti· 

tumor analogue peptide and the hybrid polymer provided herein may be present 

in the composition in an amount of about 0.001 to 99.99 wt%, more preferably 
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about 0.01 to 20 wt%, and s;ill mdre pref;r;bty ;bout 1 to 5 ·wt%. • How: ,er. 

other amounts are also suitable.. Carriers generally, and pharmaceuticJlly

acceptable carriers in particular are known in the art and need not be further 

described herein. The carrier may be provided in a separate sterile container or 

5 in admixture with the polypeptide. Typically, saline. aQueous alcoholic solutions, 

albumin-saline solutions •. and propylene glycol solutions are suitable. However. 

others may also be utilized. When utilized for therapeutic purposes the proteic 

material must be of a puritY suitable for human administration, and the 

composition may contain other ingredients as is known in the art. Examples of 

1 O these are other anti-neoplastic drugs such as adriamycin and mitomycin, 

cytoxan, PALA and/or methotrexate, among- others. However. _other therapeutic 

drugs, carriers or diluents, immunological adjuvants and the like may be also be 

added. When the composition described above is utilized for in vivo imaging, it 

may comprise about 0.001 to 99.9 wt% analogue peptide, and more preferably 

15 about 0.01 to 25 wt% analogue peptide. Typically, when the composition is 

__,. utilized for therapeutic purposes it may contain about 0.001 to 99.9 wt% 

analogue peptide, and more preferably about a.a, to 30 wt% analogue peptide. 

When utilized for the ex vivo purging of neoplastic cells from bodily fluids such 

as spinal fluid. the composition may comprise about 0.0001 to 50wt%. and 

20 preferably about 0.01 to 20wt% analogue peptide. When applied to the in vitro 

diagnosis of tumors such as carcinomas the composition of the invention may 

comprise about 0.001 to 35 wt% analogue peptide. and more·preferabiy about 

0.01 to 10 wt% analogue peptide. Other amounts, howeve'r, are also suitable. 

Such products find one utility in the treatment of tumors such as 

25 carcinomas, such as breast. lung, ovary, endometrial, pancreas. prostate and 

colon cancers, among others. The "humanized•, ·half humanized· and •partial!v 

humanized" a!'lalogu_e peptides may be used for the in vivo treatment or diagnosis 

of humans. The ·animalized", ·half animalized" and "partially animalized" 

analogue peptides of the invention may be utilized for the treatment of non-

30 human species such as were described above insofar as the amino acids of the 

species are substituted for those of the xenogeneic amino acids present at a 

specific location. and any constant_ region present in the analogue. The pres.ant 

analogue peptides are particularly suitable for repeated administration to a 

subject and for long term therapy, such as is the case of metastases and/or the 

35 reoccurrence of tumors. Of all analogues described and encompassed herein, the 

ones most suitable for in vivo applications are those that exhibit low or no 

binding to serum antigens and to normal cells. Suitable for in vitro or ex vivo 

uses are those that exhibit good binding to tumor cell antigens such as the 
~ . . 

carcinoma cell antigen and weak or no binding to normal cells. Even though a 
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Patient may have in circulation an interfering amount of a molecule that can bind 

the analogue peptide. the peptide may still be aoministered after removal of 

such serum molecule either by ex-vivo procedures or by administration ot flush 

doses ot th·e analogue peptide or fragments thereof. 

A kit for the diagnosis of .tumors such as carcinomas may comprise a 

composition comprising the anti-tumor analogue peptide of the invention. a solid 

suppon. anti-tumor antibody !positive. control), immunoglobulins of a different 

species selectively binding the constant regions of the antibody, protein G or 

protein A, and instructions for its use. This diagnostic kit may tie utilized by 

10 covalently attaching the antigen or the analogue peptide of the invention or a 

fusion protein thereof to the solid support by means of a linker a~ is known in the 

art. In a particularly preferred embodiment, the support is coated with a 

polypeptide such as methylated albumin as described in US Patent No. 

4,572.901. the relevant text of which is incorporated herein by reference. When 

15 a biological sample is added to a well, the analogue peptide of the invention will 

bind any tumor antigen. such as a carcinoma antigen, present in the biological 

sample. If a competitive assay 'is .utilized, to the solid supported antigen _or 

hybrid peptide thereof are added a known amount of the analogue peptide and 

the sample. Thereafter, r-globulin, protein G or protein A in labeled form may 

20 be added for detection. Anti-tumor antibodies of a first species may be obtained 

by challenging a subject of another species with tumor cells such as carcinoma 

cells, the human milk fat globule mucin and the like, as is known in the art 

!Peterson. J.A .• et al., Hybridoma 9:221 11990); US Patent No. 4,708.9301: 

Monoclonal antibodies may be prepared as described by Kohler and Milstein 

25 (Kohler, G. and Milstein. C., •continuous Culture of Fused Cell Secreting 

Antibody of Predefined Specificity•, Nature 256:495-497 (1975}). Suitable for 

use in this invention are antibodies such as lgG, lgM, lgE, lgA, and lgD. Protein 

A, protein G and y-globulin may be obtained commercially. 

A diagnostic kit for detecting tumors such as carcinomas, and more 

30 particularly human carcinomas is provided herein that comprises an anti-tumor 

composition comprising a hybrid analogue pepti_de and an effector agent 

comprising an enzyme, a radioisotope, a fluorescent label and/or a peptide 

comprising the constant region of an antibody of the species for which use it is 

intended, or fragments thereof capable of binding anti-constant region 

35 immunoglobulins, protein G or A, anti-tumor antibody, anti-constant region 

immunoglobulins. protein G or protein A, a solid support having operatively linked 

thereto an antigen which specifically binds to the anti-tumor hybrid analogue 

peptide of the invention and the antibody, and instructions for its use. When the 

effector agent comprises a peptide. such as the conStant region of an antibody 
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of the target species. the solid suppon ma·y have operativ~lv linked thereto ·a; 
antibody which specifically binds_ to a portion of a fusion protein other than the 

antigen of the invention .. This permits the binding of the anti-tumor analogue 

peptide to the antigen molecule now attached to the solid support. Any complex 

5 formed betwe.en the hybrid analogue peptide of the invention and the supported 

tumor antigen will, thus. remain attached to the solid substrate. A competitive 

assay may then be conducted by addition to the solid supported antigen of a 

known amount of the hybrid antigen peptide and the sample. The amount of 

antigen present in the sample may be obtained from a dilution curve by addition 

1 0 of anti-constant region immunoglobulins. protein G. protein A or other antibody 

binding molecules, e.g., labeled, to bind the hybrid analogue ~eptide that is now 

attached to the support. This kit may be used in a competitive assay where the 

supported antigen molecule competes with antigen in the sample for a known 

amount of the analogue peptide of the invention. The assay was described by 

15 Ceriani, R.L., et al. ICeriani, R.L., et al., Anal. Biochem. 201: 178-184 (199211. 

-:.,,I the relevant text thereof being incorporated herein by reference. 

A tumor such as a carcinoma may be imaged in vivo and/or diagnosed by 

administering to a subject suspected of carrying a carcinoma the anti-tumor 

analogue peptide of the invention in radiolabeled form, in an amount effective to 

20 reach the tumor cells and bind thereto, and detecting any localized binding of the 

labeled analogue peptide to the tumor. Typically, the analogue peptide of the 

invention may be administered in an amount of about 0.001 to 5000 mg/kg 

weight per treatment, more preferably about 0.01 to 5000 pg/kg weight per 

treatment, and more preferably about 0. 1 to 600 pg/kg weight per treatment. 

25 However, other amounts may also be utilized. Radiolabels that may be utilized 

are 111 1n, 1211, •-re. and 121 1. among others. These radioisotopes may be 

detected· Wit!' a PET scanner, NMR imaging, and radioactivity counting apparatus 

that are.in wide use by the medical communitY. 

The presence of a tumor such as a carcinoma may also be diagnosed in 

30 vitro by contacting a biological sample with the anti-tumor analogue peptide or 

hybrid polypeptide of the invention to form. an anti-tumor analogu~ peptide

antigen complex with any tumor. antigen present in the sample, and detecting 

any complex formed. The biological sample is typically obtained from a subject 

such as a human suspected of being afflicted with the tumor. Suitable biological 

35 samples are serum, blood, spunJm, feces, lymph fluid: spinal fluid, lung 

secretions, and urine. among others. Clearly, any source of fluid, tissue and the 

like may be prepared for use in this method as is known in the art. 

Neither the hybrid half chimeric/half humanized BrE-3 analogue peptide 

nor the chimeric BrE-3 polypeptide of the invention or the murine BrE-3 antibody 
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show substantially strong binding to normal tissue. The hybrid BrE-3 analogue 

peptide shows a binding pattern similar to the chimeric BrE-3 polypeptide and the 

murine BrE-3 antibody. The murine BrE-3 antibody was shown to bind with 

specificitY to various tumors such as carcinomas of the breast. lung, ovary, 

5 bladder, and the endometrium, mesothelioma, colon. kidney, liver, pancreas. 

salivary glands. sarcomas and thyroid, among others. Weak binding was only 

shown to normal breast tissue. lung tissue, distal convoluted tubes of the kidney, 

acini of the pancreas and stomach mucosa (Peterson, J.A .• et al. !19901. supra). 

The KC-4 hybrid murine peptide has tissue specificity similar to that of the 

10 murine KC-4 antibody. The KC-4 monoclonal antibody was shown to bind 

specifically and strongly to solid tumor tissue in the lung, colon, kidney, breast, 

stomach, prostate, pancreas. lymph node duct and lymphoma, and non

specifically and weakly to normal breast. kidney, and stomach tissue. KC-4 also 

showed some weak binding to normal tissue including spinal cord. uterus. 

15 thyroid, tongue, prostate, spleen, adrenal, lung, gall bladder, heart, lymph nodes, 

colon, liver, brain, testes. thymus. and placenta (U.S. Patent No. 4,708.9301. 

In one preferred embodiment of the in vitro diagnostic method, the anti· 

carcinoma analogue peptide added to the biological sample comprises a labeled 

hybrid analogue peptide. Suitable labeling materials were described above. This 

20 method may be practiced. with the solid support containing kit described above. 

as a competitive assay as disclosed by Ceriani, R.L .• et al.(Ceriani, R.L., et al. 

(1992), supra!. 

The present analogue peptides are also applicable to the purging of 

neoplastic cells. such as carcinoma cells. from biological samples, be it fluid or 

25 tissue samples. The purging of neoplastic cells from a fluid sample is part of the 

invention and may be practiced by contacting a biological fluid suspected of 

comprising neoplastic cells with the analogue peptide of the invention. which is 

capable of selectively binding to an antigen of the neoplastic cells and allowing 

. the peptide to bind to the antigen, and separating the analogue peptide-cell 

30 complex from the remainder of the fluid. 

This method may be utilized for purging unwanted cells ex vivo by 

extracting a biological sample from a patient, eliminating the neoplastic cells 

therefrom by separation of the analogue peptide-cell complexes or by further 

addition of an effector ·such as complement or a toxin or a radioactive label that 

35 can act upon the cell and then replenishing the purged sample to the patient. 

This is typically suitable for use with spinal taps where spinal fluid is rid of 

neoplastic cells such as carcinoma cells prior to reinjection. Other fluids may 

also be treated in this manner. 

The present analogue peptides may also be applied to the histochemical 
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assessment of tne presence of neoplastic cells Sl :l as carcinoma cells in a 

'tissue obtained from a subject suspected of being dlicted by a carcinoma by 

methods that are standard in the art. like the preparation of tissue slices and 

fixation on a solid substrate to permit the application of the peptide and then the 

5 assessment of any binding to neoplastic cells in the sample as indicated by the 

formation of complexes between the analogue peptide and antigens on or in the 

cells. 

The growth or the size of a primary or metastasized tumor or neoplasia 

such as a carcinoma may be inhibited or reduced by administering to a subject 

10 in a need of the treatment an effective amount of the anti-tumor hybrid analogue 

peptide of the invention. Typically, the hybrid analogue -peptide may be 

administered in an amount of about 0.001 to 2000 µg/kg body weight per dose, 

and more preferably about 0.01 to 500 mg/kg body weight per dose. Repeated 

doses may be administered as prits~ribed by the treating physician. However, 

15 other amounts are also suitable. Generally, the administration of the hybrid 

analogue peptide is conducted by.infusion so that the amount of radiolabel. toxin 

or other effector agent present that may produce a detrimental effect may be 

kept under control by varying the rate of administration. Typically, the infusion 

ot one dose may last a few hours. However. also contemplated herein is the 

20 constant infusion of a dose for therapeutic purposes that will permit the 

maintenance of a constant level of the hybr(d polypeptide in serum. The infusion 

of the hybrid analogue peptide of the invention may be conducted as follows. 

Intravenous fl.V.) tubing may be pretreated. e.g., with 0.9 % NaCl and 5% 

human serum albumin and placed for intravenous administration. The prescribed 

25 dose of the analogue peptide may be infused as follows. Unlabeled analogue 

peptide may be infused initially. 30 minutes after completion of the unlabeled 

antibody infusion, 1111n-labeled and "Y labeled antibody may be co-infused. The 

I.V. infusion may comprise a total volume of 250 ml of 0.9 % NaCl and 5 % 

human serum albumin and be infused over a period of about 2 hours depending 

30 on any rate-dependent side effects observed. Vital signs should be taken every, 

e.g.. 15 minutes during the infusion and every one hour post infusion until 

stable. A thorough cardiopulmonary physical examination may be done prior to, 

and at the conclusion, of the infusion. Medications including acetaminophen, 

diphenhydramine, epinephrine, and corticosteroids may be kept at hand for 

35 . treatment of allergic reactions should they occur. The administration of the 

hybrid analogue peptide of the invention may be repeated as seen desirable by 

a practitioner. Typically, once a first dose has been administered and imaging 

indicates that there could be a reduction in the size of the tumor. whether 

primary or metastasized, repeated treatments may be administered every about 
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1 to 100. ,ind more preferab,y about 2 to 60 days. These repeated treatments 

may be continued for a period of up to about 2 years. and in some circumstances 

even for longer periods of time or until complete disappearance of the tumorlsl. 

The administration of the hybrid analogue peptides of this invention is typically 

5 more useful for therapeutic ·purposes when a primary tumor has. for example. 

been excised. Thus. it is primarily, for mopping up after surgical intervention or 

in cases of cancerous metastases that the present method is of most use. 

A pure, isolated analogue polydeoxyribonucleotide that comprises an 

analogue oligodeoxyribonucleotide encoding the analogue peptide or hybrid 

10 peptide of this invention, including all redundant seQuences may be applied to the 

preparation of the peptide. In one preferred embodiment. the analogue 

polydeoxyribonucleotide of the invention comprises a ONA sequence selected 

from the group consisting of DNA sequence ID No. 64 of Table 45, or ONA 

uquence ID No. 65 of Table 46, or ONA segments encoding the CDR fragments 

1 5 sequence ID No. 68, 70 and/or 72. or 76. 78 and/or 80 flanked by 1 to 10 or 

more amino acids. and the N·terlllinal fragment of 1 to 1 O or more amino acids 

of human origin. The above DNA seQuences may be cloned for expression under 

the same promoter. Similarly preferred are also the ONAs having the sequence 

10 No: 93 and/or 94 of Tables 52 and 53 and the segments encoding their COR 

20 fragments alone or separated by ONA segments encoding 1 to 1-0 or more 

flanking amino acids and/or terminated by DNA segments encoding 1 to 1 0 or 

more amino acids of the N·terminus. 

Also provided herein is a hybrid vector that comprises a vector having the 

analogue polydeoxyribonucleotide of this invention operatively linked· thereto. 

25 Typically, vectors capable of replication both in eukarvotic and prokarvotic cells 

are suitable. When the preparation of a glycosvlated analogue polypeptide is 

desired the vector should be suitable for transfection of eukaryotic host cells. 

In one preferred embodiment, the hybrid vector comprises the analogue 

polydeoxyribonucleotide and a polydeoxyribonucleotide comprising an 

30 oligodeoxyribonucleotide encoding an effector peptide, the effector peptide· 

encoding polydeoxyribonucleotide being operatively linked to the vector. As 

already indicated, the various DNA sequences may be cloned for expression 

under the same promoter. In addition. the polydeoxyribonucleotide encoding the 

effector polypeptide may also be cloned for expression under the same promoter. 

35 This invention also encompasses a host cell that has been transfected 

with the hybrid vector described above. Suitable hosts are prokaryotic and 

eukarvotic hosts such as bacteria, yeast, and mammalian cells such as insect 

cells and non-producing hybridotna cells, among others. Suitable vectors and/or 

plasmids for the transfection of each one of these types of hosts are known in 
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the art and need not b, fur ·lier described herein. Also ·ttnown in the art are 

methods for cloning DNA sequences into each one of these types of vectors and 

for transfecting the different types of host cells. Particularly preferred is the cell 

line having the ATCC Accession No. HB 11200 (BrE-3 HZ!. 

Polyribonucleotides may be obtained by transcription of the 

polydeoxyribonucloetides described above as is known in the art. Provided 

herein ·are analogue polyribonucleotides comprising analogue oligoribonucleotides 

encoding at least one CCR or an analogue variable region or fragments thereof, 

combinations thereof. and combinations thereof with an effector peptide may be 

10 prepared by cloning the desired ONA segments and then transcribing the thus 

obtained hybrid polydeoxyribonucleotide into the corresponding RNA sequences. 

The analogue peptide which specifically binds to an antigen on the 

surface or in the cytoplasm of a neoplastic cell, or is released by the cell. may 

be produced by a method that comprises cloning the analogue 

1 5 polydeoxyribonucleotide of the invention into a vector to form a hybrid vector • 

transfecting a host cell with the ~ybrid vector and allowing the expression of the 

anti-tumor analogue peptide. and isolating the anti-tumor polypeptide or mixtures 

thereof. The ONA segment encoding the analogue polypeptide may be obtained 

by chemical synthesis or by site-specific modification of the sequence encoding 

20 the variable region of the xenogeneic species by PCR amplification with 

specifically designed primers as is known in the art. The fragment ONAs may 

also be prepared by PCR with primers that introduce a stop_ codon at a desired 

position as is known in the art. Preferably, the cloning and transfection steps are 

conducted by cloning polydeoxyribonucleotides encoding the analogue peptides 

25 selected from the group comprising at least one COR or analogue variable region 

of the heavy or light chains of the xenogeneic species. antibodies thereof. or 

fragments thereof. The method may further comprise allowing the expressed 

analogue peptides to interact with one another to form double chain analogue 

peptides. one or both analogue peptide chain comprising at least one xenogeneic 

30 COR or variable region of the light or heavy chain of the antib~dy or fragment 

thereof modified as described above. Still part of this invention is a method of 

producing a hybrid analogue peptide comprising an effector peptide and en 

analogue peptide which specifically binds to an antigen on the surface or in the 

cytoplasm of a tumor cell such ~s a carcinoma_ cell or that is released by the cell, 

35 the method comprising transfecting a host cell with the hybrid vector of this 

. invention carrying a ONA seQuence encoding the hybrid analogue peptide, 

allowing the expression of the hybrid analogue peptide, and isolating the hybrid 

analogue peptide or mixtUres thereof. The· techniQues for obtaining mRNA, 

conducting reverse transcription and PCR amplification of DNA, chemical 
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S\ nthesis of primers. cloning DNA seQuences into a vector. transtecting a host 

cell, and purifying polypeptides from a culture medium are known in the an and 

need not be funher described herein. 

Another aspect of this invention relates to an anti-idiotype peptide that 

5 comprises polyclonal antibodies raised against anti-tumor antibodies. the 

analogue peptide of the invention, monoclonal antibodies thereof. fragments 

thereof selected from the group consisting of CORs, Fab, Fab', 1Fab'l2 , and 

variable region fragments and fragments thereof. analogues thereof selected 

from the group consisting of Fab, Fab'. (Fab')z , and variable regions thereof, 

1 0 wherein about 1 to at least 46 amino acids in the FRs are substit\Jted per chain 

with amino acids selected from the group consisting of amino, acids present in 

equivalent positions in human antibodies. or fragments thereof comprising 1 to 

3 CDRs per chain and flanking regions thereof. each of about 1 to 10 or more 

amino acids, alone or with an N·terminal fragment of about 1 to 10 or more 

1 5 amino acids. The techniQue for obtaining anti-idiotype polypeptides is known in 

the art and need not be funher described herein (Nisonoff. A. and Lamoyi, 

·implication of the Presence of an Internal Image of an Antigen in Anti·ldiotype 

Antibodies: Possible Applications to Vaccine Production•, Clin. lmmunol. 

lmmunopathol. 21:397-406 (19811). Moreover, the techniQue for producing 

20 hybridomas secreting monoclonal antibodies of a certain specificity is also known 

in the art (Kohler, G. and Milstein. C. 119751. supraJ. Techniques for obtaining 

different antibody fragments were described above or are known in the an and 

need not be further described herein (Wilbanks. T., at al., ·Localization of 

Mammary Tumors In Vivo with 121 1-Labeled Fab Fragments.of Antibodies Against 

25. Murine Mammary Epithelial CMMEI Antigens•, Cancer 48:1768-1775 1198111. 

The techniQues for modifying peptides to obtain the analogue peptides ot this 

invention have been described above or are known in the art. 

The hybrid anti·idiotvpe polymer may further comprise an effector agent 

operatively linked to the anti-idiotvpe polypeptide. Effector agents suitable for· 

30 use herein were described above for the anti-tumor analogue polypeptide of the 

invenuon are also suitable for use with the anti-idiotype polypeptide. Preferred 

hybrid polymers are polyclonal antibodies raised against the anti-tumor 

monoclonal antibodies or the analogue peptide of the invention. and a 

monoclonal antibody obtained by fusion of a 8-cell producing an antibody having 

35 specificity for the analogue peptide of the invention and an immortalized cell line. 

Also preferred are fragments of the monoclonal antibody such as Fab. Fab', 

(Fab'J2 and variable region fragments. analogues and fragments thereof as 

described above, and CDRs. Also, as described above for the anti-tumor 

polypeptide analogue. preferred are combinations of the above fragments and 
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analogues .. :1d combinanon: of the fragments with whole antibodies and 

analogues tnereof. In another preferred embodiment, the anti·idiotype polymer 

comprises an analogue variable region of a monoclonal antibody linked to a 

peptide comprising the hexamers or trimers described above or tandem repeats 

5 thereof. 

DNA and RNA segments encoding the anti·idiotype polymer and hybrid 

polymer, a hybrid vector having the ONA operatively linked thereto and a host 

cell transfected with the hybrid vector are also contemplated herein. 

Also provided herein is an anti-tumor vaccine that comprises the anti-

10 idiotvpe polypeptide ·of the invention. and a pharmaceutically-acceptable carrier. 

Typically, the anti-idiotvpe polypeptide is present in the composition in an 

amount of about 0.001 to 99.99 wt%, and more preferably about 0.01 to 50 

wt% of the composition. However, other amounts are also suitable. 

Pharmaceutically-acceptable carriers are known in the art and need not be further 

15 described herein. The vaccine provided herein may further comprise other 

ingredients such as adjuvants. ai:'d the like. Examples of adjuvants are SAF· 1 

and Freund's, among others. Suitably, ·other ingredients typically used for the 

preparation of vaccines may also be utilized herein. In one embodiment, the 

vaccine of the invention may be provided in unit form as a powder or in a 

20 diluent. In another embodiment, it may be provided in powder form in a sterile 

container comprising a pluralitv of doses tor preparation prior to utilization. 

Diluents that are suitable for the preparation of a formulation that may be 

administered to a patient by injection are known in the art. Examples were 

provided above. 

25 An anti-tumor vaccination kit i& also provided by this invention that 

comprises. the vaccine described above and a diluent in separate sterile 

containers, and instructions for its use. 

An effective amount of the anti-idiotvpe polypeptide or hybrid 

polypeptide described above may be administered to vaccinate a human. Typical 

30 amounts administered to vaccinate a human are about 0.001 to 5000 mg/kg 

body weight/dose. more preferably about 0.1 to 5000 pg/kg body weight/dose. 

The anti-idiotvpe vaccine of the invention may be administered repeatedly in 

order to boost the active immunization produced by the first dose. An anti· 

idiotvpe antibody very · likely resembles the epitope on the neoplastic cell to 

35 which the anti·tumor antibody binds. Thus, it may be utilized for the production 

of an immunological response by a subject such as a human or other mammals 

against its own neoplastic cells. 

When an anti-idiotvpe polypeptide of, e.g., non-human origin is 

administered to a, e.g.. human, it may produce· a somewhat detrimental 
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resoonse. Accordingly, in theory, the smaller the non·human amino acid 

sequence the anti-idiotYpe polypeptide contains, the lesser the immunogenic 

resoonse_ to its xenogeneic seQuences it will elicit in a human. Accordingly, 

preferred anti-idiOtYpe polypeptides are those containing at least one CDR or 

5 variable region of a non-human antibody binding specifically to the anti-tumor 

polypeptide described herein, optionally as a hybrid polypeptide. Also preferred 

are human anti·idiotype antibodies, CDR and variable fragments thereof, and 

fragments thereof that are operatively linked to an effector agent comprising a 

human polypeptide that may include the constant region of a human antibody 

10 and fragments thereof, non-peptide polymers, monomers and atoms that may be 

radiolabeled as described above. Other tYP8S of constructs eJe also possible. 

several of which were described above. 

Peptides comprising the sequence APDTRPAPG or fragments 

thereof comprising hexamers with the trimer TRP or TRP by itself or tandem 

15 repeats thereof may also be utilized for the preparation of the fusion protein, 

particularly as part of the antigenic peptide. The peptide comprising the 

hexapeptide or tripeptide seQu~nces may be utilized as a tandem repeat 

comprising up to about 10,000 repeats of the basic unit. an in some instances 

up to about 500.000 repeats. In another embodiment! peptides comprising one 

20 or more hexapeptides or tripeptides may be operatively linked to other 

polypeptide sequences of related or unrelated function, which sequences provide 

bulk that aids the clearance through the liver and/or kidneys of _the immunological 

complex formed between the circulating unbound or residual antibody or 

polypeptides utilized for the therapy of neoplasias such as carcinomas and the 

25 hexapeptide. The peptides comprising the hexapeptide or tripeptide may also be 

provided as a hybrid analogue pegtide with other analogue peptides described 

above. In the absence of such treatment. the therapeutic antibody, which may 

carry a radioisotope, a toxin or other therapeutic molecules, may remain in the 

circulation for s·everal days and in some instances weeks. This, in the case of a 

30 radioactively labeled antibody or analogue of ·the invention may produce 

extensive damage. which is highly detrimental to the health of the patient, and 

in some instances lethal. 

Thus, the serum concentration of a circulating antibody or polypeptide 

that binds to an antigen on the surface or in the cytoplasm of tumor cells such 

35 as carcinoma cells or released by the cells may be lowered by administering to 

a subject the anti-idiotYpe polypeptide described above, in an amount effective 

to bind the circulating polypeptide. to thereby accelerate its clearance. Typically, 

the anti·idiotype polypeptide or hybrid polymer are administered in an amount of 

about 0.001 to 5000.00 mg/kg body weight/dose. more preferably about 0.01 
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to 5! 00 mg/kg body weight/dose. However. other amounts may also be utilized. 

The ·1dministration of the anti-idiotype polypeptide may be infusion as described 

above. 

The growth or the size of a primary or metastasized rumor may be 

5 inhibited or reduced by administering to a subject in need of the treatment an· 

effective amount of an antibody or an anti-tumor hybrid analogue peptide 

comprising an effector agent selected from the group consisting of radioisotopes, 

therapeutic drugs and vaccines. and an anti-tumor polypeptide which specifically 

binds to an antigen on the surface or in the Cytoplasm of a tumor cell Of 

10 released by the cell, allowing the hybrid polypeptide to reach the tumor and the 

polypeptide to bind thereto, and administering to the subject an amount of the 

anti·idiotVpe polypeptide of the invention effective to bind residual or unbound 

circulating hybrid analogue peptide to thereby accelerate the clearance of the 

hybrid polypeptide. 

15 Having now generally described this invention, the same will be better 

understood by reference to certain specific examples, which are included herein 

for purposes of illustration only and are not intended to be limiting of the 

invention or any embodiment thereof, unless so specified. 

EXAMPLES 

20 Example , : Methods U1ilized 

The procedures utilized herein for the reverse-transcription IRTl of RNAs 

encoding the variable regions and the subsequent amplification of the cONAs by 

the polymerase chain reaction IPCRI have been described (Orlandi, R .• et al., 

·cloning lmmunoglobu_lin Variable Domains for Expression by the Polymerase 

25 Chain Reaction•. PNAS IUSAI 86:3833-3837 (1989); Coloma, M.J., et al., 

·Primer Design for the Cloning of lmmunoglobulin Heavy-Chain Leader·Fvs from 

Murine Hybridoma Cells Using the PCR·, Bio.Techniques 11:152-156 119911: 

Gavilondo-Cowley, J.V., et al.,. "Specific Amplification of Rearranged 

lmmunoglobulin Fv Genes from Murine Hybridoma Cans·, Hybridoma 9:407-417 

30 1199011. 

Total RNA is an adequate substrate for RT·PCR. Polyadenytated RNA 

was utilized herein, however, because it contains only minor levels of 

contaminating ribosomal RNA and practically no ONA. The polyadenylated RNA 

was isolated with. a Fast Track mRNA isolation kit llnvitrogen Corporation, San 

35 Diego, CAI. 

The oligonucleotides were synthesized on a PCR-Mate EP ONA 

synthesizer model 391 !Applied Biosystems, Foster City, CAI. A PCR murine lg 
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primer set was purchased from Novagen (Madis· • Wii, and compiementary ONA 

lcONAl was prepared with an RNA PCR kit (Pt: :in Elmer-Cetus. Norwalk. CTI. 

PCR DNA fragments were cloned directly into pCR1000. using a TA 

cloning kit llnvitrogen Corpc,ration, San Diego, CAI. Plasmid ONA was isolated 

5 with a kit purchased from Oiagen (Tchapsworth, CAI. and DNA seQuencing was 

conducted with a SeQuenase 2.0 DNA seQuencing kit (United States Biochemical, · 

Cleveland, Ohiol using aQueous 5' a-31SdATP at 600 mCi/mmol IAmersham 

Corporation, Arlington Heights, Ill. 

Sequence analyses were performed on a Macintosh computer using the 

10 program GeneWorlc.s UntelliGenetics, Inc, Mountain View, CAI. 

Exempfe 2; Tissue Culture Media 

SP2/0-Ag14 cells (Shulman, M., et al. (1978). belowl were cultured 

either in Dulbecco's modified Eagle's medium IDME): fetal bovine serum IFBSI, 

90:10 lvM or in a mixture of DME:RPMl:FBS. 45:45:10 lv/v/vl or RPMl:FBS. 

15 90: 10 fv/v). Penicillin and strePtomycin were added to prevent bacterial growth. 

When serum-free medium was utilized, it contained an HL· 1 supplement as 

directed by the manufacturer (Ventrex Labs., Porttand. ME). The freezing 

medium was 10% DMSO in bovine serum. 

Example 3; PCR Primers 

20 Primers and primer mixtures MulgxVlS'·C. MulgAVl3'·1, MulgV"5'·C. 

25 

30 

35 

MulgV"S'·F, and MulgyV"3'·2 _were part of a primer set purchased from 

Novagen. Their sequences may be obtained from Novagen. Other primers were 

synthesized by the inventors. These sequences are shown in Table 12 below. 

Table 12; Synthe1ic Prim_ers· 

J02· T GAA GCT TGC TCA CTG GAT GGT GGG AA (Seq. 10 No: 1 J; 

J03· AGA TGG GGG TGT CGT TTT GG (Seq. 10 No: 21; 

J04· GCT TGA A TT CCA GGG GCC AGT GGA TAG A ISeq. 10 No: 31; 

V" 1BACK (•J • AG GTICG) ICAIAIGA) CTG CAG (CGIAG TCCTAI GG 
(Seq. ID No: 4) ; 

J014· ATG TAC TTG GGA CTG AAC TAT GTC TT (Seq. 10 No: 51 .. 

• Orlandi. R.. et al. !Orlandi, R., et at. •cloning lmmunoglobulin Variable 
Domains tor Expression by the Polymerase Chain Reaction•, PNAS 
(USA) 86: 3833·383711989)). 
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Example 4: 

' . . . .. 
Cloning of Chimeric SrE-3 Antibody 
Polydeoxyribonucleo1ide 

. . 
' 

. 
:per 1us93j. ...i:.' .. · 
t t I I • I C _. I I 

Two expression vectors pAG4622 and pAH4604 were utilized herein 

!Coloma, M.J., et al., ·Novel Vectors tor the Expression of Antibody Molecules 

5 Using Variable Regions Generated by PCR·, J. lmmunol. Methods 152:89·104 

119921). These were kindly provided by S.L. Morrison !Dept. of Microbiology 

and Molecular Genetics. UCLAJ. The construction and expression of chimeric 

genes was performed as described by Coloma et al. !Coloma. M.J., et al. 119921. 

supra). 

10 Oligonucleotides were synthesized and used in a PCR mixture to produce 

variable heavy IV") and variable light IV~) fragments with the correct ends for 

insertion into the pAG4622 and pAH4604 exJ:)ression vectors. =T'here sequences 

are shown in Table 1 3 below. 

15 
Table 13; Synthesized Oligonudeo1ides 

JOt8 IHMeV,. laaderl • GGG GATATC CACC ATG TAC TTG GGA CTG AAC TAT GTC TTC A 
(Seq. 10 No: 61; 
JOt 7 IHnH V, leader!· GGG GATATC CACC ATG AAG TTG CCT GTT AGG CTG TTG GT 
!Seq. 10 No: 71; 

20 JOt8 lantt-Mft9e JHll • GGG GCTAGC TGC AGA GAC AGT GAC CAO AGT CC (Seq. 10 No: 81: 
J019 lan1i•Hnae J•ll • GGG GTCGACTTAC G TTT GATTTC CAG CTT GGT GCC TCC A 
1Seq. 10 No: 91. 

The original pCR1000 clones were utilized as the starting templates for 

25 the PCR. The new PCR products were cloned baclt into pCR1000 and their 

sequence confirmed. Correctly modified and amplified fragments were excised 

with either EcoR V and Sal I (for Vd or with EcoR V and Nhe I (for V"I. These 

fragments were then ligated into the respeetive veetors, which had been cut 

open with the appropriate restriction enzymes. Both the vecters and the inseru 

30 were purified from an agarose gel prior to ligation, using the Bio 101 Gene Clean 

kit (glass beadsl Ila Jolla, CAI. 

Example§: Expression of Murine-Human 
Chimeric BrE-3 Antibody 

The V" and VL regions in the final rriurine-human chimeric antibody were 

35 sequenced once again to verify that their. sequences w_ere correct. 

The non-producer myeloma cell line SP2/0-Ag 14, (A TCC: CRL 1 581, 

Shulman, M., et al., •A Better Cell Line for Making Hybridomas Secreting 

Specific Antibodies·, Nature 276:269-270, {197811 was transfected. and a 

chimeric antibody were isolated as described by Coloma, M.J. et al. 11992). with 

40 the following modification. The selection was only undertaken for the uptake of 

hisO by adding SmM histidinol to the medium and readjusting the pH to 7 .4 with 
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NaOH. 

. 
ff l. . 

Exempje 6: Production of Transfected Hosu 

• . • : PCT/US;J/11~ : · . 
f I· l .. • .t f ~ • • . 

After ten days, the stable transfectant colonies were clearly established 

at a frequency of approximately 1 o·'. The colonies were transferred to a normal· 

5 medium !without histidinol) and the supernata_nts from stable _transfectants were 

assayed for the presence of the murine•human chimeric BrE·3 antibody. This 

was done by capturing the secreted murine-human chimeric BrE·3 antibody with 

a plate·bound goat anti·human·K antibody and developing with goat anti•human-r 

antibody as described by Coloma et al. with the following modification. The 

1 0 . secondary antibody utilized herein was radiolabeled with m1. 

Example 7: Confirmation of Murine-Human 
Chimeric BrE·3 Antibody Expression · 

The supernatants were assayed for binding to human milk fat globule 

(HMFGI as described by Ceriani et al. ICeriani R.L., et al.. Diagnostic Ability of 

15 Different Human Milk Fat Globule.Antigens in Breast Cancer•. Breast Cancer Res. 

Treat. 15:161·174 1199011. HMFG was bound to the. microtiter plates as 

described previously ICeriani R.L .• ·solid Phase Identification and Molecular 

Weight Determination of Cell Membrane Antigens with Monoclonal Antibodies•. 

in: Monoclonal antibodies and functional cell lines. Progress and application, 

20 Bechtol, K.B., McKern, T.J .• and Kennett, R .• Eds., Plenum Press. New York, pp 

398-402 11984)1. 

Most colony supematants were positive by both assays. The colonies 

that secreted the highest level of chimeric antibody into the supernatants, as 

determined by these assays, were subcloned and subsequently adapted to 

25 serum-free medium for the purification of antibody. 

Example B· Determination of Affinity Constants 

The antibody-antigen affinity constants for the murine·human chimeric 

- ·antibody anti-human milk mucin and the whole murine antibody were determined 

by obtaining the reciprocal value of the concentration of competing unlabeled 

30 monoclonal antibody giving 60% binding as described by Sheldon et al. !Sheldon, 

K .. et al., ·characterization of Binding of Four Monoclonal Antibodies to the 

Human Ovarian Adenocarcinoma Cell Line HEY-, Biochem. Cell BiQI., 65: 

423·428. 119871). The protocol for the assay was as follows. 

Microtiter plates (Dynatech, Chantilly, VAJ were prepared using 

35 successive layers of methylated BSA, glutaraldehyde, anti·P·galactosidase and 

the bacterial fusion protein 11 ·2 ( a hybrid of p-galactosidase and human 

mammary mucinl as described in Ceriani et al. (Ceriani. R.L., et al .• • A Novel 
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Serum Assay for Breast Cancer Epithelial Antigen Using a Fusion Protein·, Anal. 

Biochem. 201: 17B·184 11992). Each well contained 388ng of the 11 ·2 fusion 

protein. To each well were added 25µ1 1211 -BrE·3 IATCC No. HS 100281 in RIA 

buffer I 10% bovine calf serum, 0.3% triton X· 100. 0.05 % sodium azide pH7 .4. 

5 in phosphate buffered saline), and comp~ted with 25 pl of either unlabeled 

murine antibody or murine-human chimeric antibody in RIA buffer at final 

concentrations in the nanomolar range. 

lodinations were performed with mr (17 Ci/mg, Nordion International 

Inc., Kanata, Ontario. Canada). 50 micrograms of monoclonal antibody BrE·3 

10 (Coulter, Hialeah, FLI were labeled'at a specific activity of 9.56 mCi/mg using 

the chloramine T method as described by Ceriani, R.L. and Blan.k. E.W .• (Ceriani, 

15 

. R.L .• and Blank. E.W., ·experimental Therapy of Human Breast Tumors with 

1311-Labeled Monoclonal Antibodies Prepared Against the Human Milk Fat 

Globule•, Cancer Res. 48:4664-4672 119881). When. the counts of bound 

radiolabeted anti·BrE-3 murine antibody were plotted an the Y axis and the 

logarithm of the nanomolar {nMI concentration of competing unlabeled anti-BrE-3 

murine antibody or murin~·human chimeric antibody were plotted in the X axis. 

b.oth curves overlapped within 5 % error (Figure not shown). This proves that the 

variable region's affinity characteristics have been preserved. 

20 Exornele 9: Affintty Binding Constants for SrE-3 Murine 
and Murine-Human Chimeric Antibody 

The purified murine-human chimeric SrE-3 antibody and purified murine 

BrE-3 antibody gave similar competition curves when tested against 1211-labeled 

murine SrE·3 binding to its antigen. The affinity binding constants of the murine 

25 antibody and the murine-human chimeric antibody were determined in 

independent competition assays as described in Example 8 above. The values 

of the constants are 2.68x1 o• M'1 and 3. 75x1 o• M·' for the hybrid chimeric BrE· 

3 polypeptides and for the murine BrE-3 antibody, respectively. These values are 

not distinguishable at a 95% confidence interval. 

30 Example 10· Ampllficauon of cONAs Encoding 
BrE·3 Antibody Variable Regions 

The cDNAs that encode the anti-BrE·J murine immunoglobulin variable 

domains CV" and V LI were prepared by reverse transcription and PCR 

amplification (RT -PCRJ from polyadenylated RNA isolated from 1 o• BrE-3 

35 hybridoma cells by the following procedure. The J02, J03, J04, JOi4 and 

V" 1 BACK primers were synthesized, ·and their sequences shown in Example 3 

above. Other primers were purchased from Novagen. With the exception of 

V" 1 BACK. which is a framework-specific primer, all sense primers are specific 
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for the leader peptide region. All anti-sense primers are specific for the constant 

regions. The degenerate A chai~ of the specific primer MulgAV13'·1 (from 

Novageril. was used to isolate the IC chain cDNA clones because of the similarity 

of the .A and IC. An identical IC chain clone was isolated with primer J02 which 

5 is specific tor the IC chain constant domain. The v .. region cDNA could not be 

isolated with the available leader peptide primers. Thus, the V,.1 BACK primer 

was used. which yielded the V" cONA y72. The leader-peptide primer J014 

was then designed by extrapolating from the fran,ework seQuence of r72. using 

cataloged nucleotide seQuences (Kabat, E.A., et al., "SeQuences of Proteins of 

10 Immunological Interest", U.S. Dept. Health and Human Services. NIH publication 

No. 91-3242. 5"' Edition 119911. After sequential PCR reaction~. this new primer 

yielded the complete v .. framework cDNA. This information is summarized in 

Table 14 below. 

15 

20 

25 

Table 14: Primer Combinations for PCR AmpUficl'tion 

Clone No. Sense Primers 

v. 152 Muig1CVLS -C 
164 MulgxVL5'·C 

VH y72 V 1BACK 
1012 JCl14(1" PCRI 

J01412"" PCRJ 
1043 JO 14( ,.. PCRJ 

IMulgVHS'·C+ 
MulgVH5'·Fl 
12.,. PCR) 

Exampie 1 l: Isolation of Amplified B,E-3 v. 
and V" cONA and Sequences 

Antisense Primers 

J02 
MulgAVL3'·1 

(J03 or J041 
JOJ 
J04 
J03 

MulgrVH3'·2 

30 The P.CR products were cloned without prior purification into pCRl 000 

Unvitrogenl and seQuenced in both directions. Clones 152. 164, 1012, and 

1043 were isolated independently during different RT-PCR runs. The sequences 

· of v. clones 152 and 164 were found to-be identical, as were the seQuences of 

the V" clones 1012, 1043. The v .. and V. ONA sequences and their derived 

35 protein sequences are shown in Tables 15 and 16 below. 
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Table 15: BrE-3 Vt Nucleotide and Derived Protein ~;equences 
DNA Sequence 
•To A.AG no CCT Gn AOG CTC TTO OTO CTO TTG TTC TOO ,t.TT CC'T CCT TCC ATC AGT OAT on GTO ATO ACC C..t..A ACT CC.A CTCTCC CTG 

CCT QTC A.OT CTT GO.A QAT CAA GCT TCC ATC TCT TGC AG.A TCT AOT CAO AAC en OTA CAC AAC A.AT OOA AAC ACCT.AT T'TA TAT TOO TTC 

CTG CAO AAO Tc.A GOC CAO TC'T cc.a. ~o CTC CTO A'n' TAT AGO OCT TCC ATC COA TTT TCT oao OTC CCA OAC AOG ffC A.OT ooc AQT GGA 

Tc.A QAG Ac.A a.AT TTC ACA CTC AAG ATC AOC AO.A GTO a.AO QCT GAO GAT CTO OOA G'n' TAT TTC TOC TTT CAA OQT AC.A CAT GTT CCG~ 

•CG TTC agT CCA qoc ACC ,t.AG CTC GAA ATC AAA C IS.. IQ He: 101 

Amino Acid Sequence 
"' I p y , l i ¥ I L W I P A S S o, V V M T Q T , l S l 

9 V S OOQASISCIISSQNLVHNNGNTY y w 

S O Q S I' I l l I Y .•-• .... ·-!._ ......... " ........... .-.! 0 Y I' 0 II , S O I 0 

S l T O , T l 0 Q V Y f C , 9 9 T M V ~ W 

! 0 Q O T 

Table 16: BrE-3 V" Nucleotide and Derived Protein Sequences 

DNA Sequence 
ATG TAC TTO OOA CTO AAC TAT GTC TTC ATA OTT TTT CTC TTA AAA GGT OTC CACI AOT CAA OTO AAQ CTT GAO GAO TCT OOA GOA OGC TTG 

GTO CAA CCT GOA OOA TCC ATO AAA CTC TCT TOT OCT OCT TCT 00A TTC ACT TTT AOT OAT ace TOO ATO OAC TGO OTC CCIC CAO TCT CCA 

TTT PCT MC TOG ggc: C.t.O OGG ACT CTQ OTC: A£! CTS T£! QC.A Q IS... I) Na: I 21 

Amino Acid Sequence 
m y I g I n y v t I V F L L IC .G V Q S E1 V IC L E ! S G G G L 

V Q P G G S M IC L S C A A S G F T F S p A w· M Q W V R Q S P 

EKGLEWVAE R N K A N N H A T y y D E s V K g R F T 

S ROO~ICSRVYLOMISLRAEOTGLYYCTGI 

~ W G O G T· L V T V S . A (Seq. ID No: 131 

The seQuences were interpreted as described by Kabat et al. (19911. The 

residues that are shown in lower case correspond to PCR primers. The marure 

chains begin at 01 (VLI and El CV"), respectively. The amino-acids that are 

underlined are those corresponding to the CDRs. The underlined nucleotides 

5 indicate joining segments. 

The framework and CDR polypeptide segments were identified according to 

Kabat et al. I 1991 I. supra. VL is a group IIK chain. Part of the CDR 3 an~ all of 

. framework 4 CFR4) are encoded by Jtl' V" belongs to group Ille. CDR 3 and FR4 

are encoded by J..,_ Little or nothing remains from an unidentified D minigene. 
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Thus, the COR 3 is only 4 amino-acids long. 

· Example 12: Comparison of cDNA deduced Amino Acid 
Sequence with Directly Determined 
N-Terminal Fragment Seouence 

PCT/lJS93/l 1445 

5 Table 1 7 below shows a comparison between the cDNA-derived polypeptide 

10 

15 

sequence and the polypeptide sequence determined directly from purified murine 

BrE·3 monoclonal antibody. 

Table 17: Comperiaon o1 cONA-Deduced Protein Sequence with 
Directly Determined N•terminel Protein Sequence 

VL 
VL 

VH 
VH 

cDNA·deduced 
Protein seQuence 

cONA-deduced 
Protein sequence 

OVVMTOTPLSLPVSLGDQASISCRS 
GVVMTQTPLSLPVVLGOQASIIXRX 

. EVKLEESGGGL VOPGGSMKLSCAAS 
EVKLEESGGVL VQPGGSMKLSSAAS 

The murine BrE·3 antibody was reduced with 5 % mercaptoethanol, 

separated on a 10% SOS polyacrylamide gel, and electrobloned onto a ProBlon 

membrane (Applied Biosystems, Foster City, CAI. Amino acid sequencing was 

20 performed directly on the immobilized bands by the Biotechnology 

Instrumentation Facility, University of California, Riverside. The protein 

sequence given here is the sequencer' a best guess. 

Once the variable region cDNAs were cloned, it was confirmed that. in fact, 

they encoded the variable regions of the murine BrE·3 antibody and not those of 

25 another antibody by comparing the cONA-derived amino acid sequences of the 

cloned murine BrE-3 antibody variable region with the N-teri:ninal sequence of the 

purified anti·BrE·3 murine antibody directly determined by a single run of protein 

sequenc!ng. The cDNA sequences were shown to be accurate by comparison 

with two independently reverse transcribed clones. 

30 The general agreement between the predicted and the determined 

amino-acid sequences shows that the cloned cONAs encode polypeptides of the 

same class and subclass as the variable regions of the murine BrE-3 antibody. 

This indicates that the cONAs encode authentic variable regions. The 

authenticity of the variable region polypetide and, therefore, that of the murine-

35 human.chimeric BrE-3 antibody is unQuestionable given that the variable regions 

and the chimeric antibody affinity constant are indistinguishable from those of 

the murine BrE-3 antibody. 
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51U ,01e 13: ~onstruction of Murine•Human 
,;himeric Antibody Genes 

PCT/US93/ l 1445 

The vector!- used were developed by Coloma et al. (Coloma, ·M.J .• et al. 

11992), supra} and kindly provided by S.L. Morrison (Dept. of Microbiology and 

5 Molecular Genetics. UCLA). Both vectors were derived from pSV2 (Mulligan, 

R.C., and Berg, P .• ·Expression of a Bacterial Gene in Mammalian Cells", Science 

209: 1422· 1427 I 198011, and contain genomic fragments encoding either the 

heavy or the light chain constant domains. The vectors accept cDNAs that 

encode the F. regions. To ligate the F. cONAs to the vectors. restriction ends 

1 O were added to the· cONAs in a set of PCR reactions. using the J016, J017. 

J018 and J019 primers: 

The pAG4622 light chain vector contains the gene for the human 1t chain 

constant region, including · the J·C intron. It encodes xanthine·guanine 

phosphoribosyltransferase or gpt (Mulligan, R.C •• and Berg, P., ·selection for 

15 Animal Cells that Express the Escherichia Coli Gene Coding for Xanthine-Guanine 

Phosphoribosyltransferase·, PNAS IUSAI 78:2072·2076 11981 U as a dominant 

selectable marker. It acceots lhe murine VL cDNA between the ribosome 

binding site !Kozak. M., "Compilation and Analysis of SeQuences Upstream from 

the Translational Start Site in Eukaryotic mRNAs", Nucleic Acids Res. 

20 12:857-872 1198411, which is preceded by the VH promoter from the anti·dansyl 

murine monoclonal antibody 27.44 (Coloma. M.J., {1992). supra), and the J·C 

intron. The. J-C intron contains the k chain_ enhancer {Potter, H .• et al., 

·enhancer-Dependent.Expression of Human 1t lmmunoglobulin Genes Introduced 

into Murine Prep-8 Lymphocytes by Electroporation". PNAS (USA) 

25 81:7161-7165 119841; Emorine, L., et al., "A Conserved SeQuence in the 

lmmunoglob_ulin J Kappa-C Kappa lntron: Possible Enhancer Element·. Nature 

304: 447-449 (198311. 

The pAH4604 heavy chain vector contains the gene for the heavy chain vi 

constant region, but no J·C intron. It ertcodes histidinol·dehydrogenase or hisD 

30 IHanman, S.C. and Mulligan; R.C. Two Dominant-Acting Selectable Markers for 

· Gene Transfer Studies in Mammalian Cells•, PNAS (USA) 86:8047-8051 1198811 

as a dominant selectable marker. It accepts the murine V14 cDNA between the 

dansvl promoter-ribosome binding site and the constant v1 gene. The vector 

also contains an insert that encodes the heavy chain enhancer {Rabbitts, T.H., 

35 et al, ·Transcription Enhancer Identified Near the Human C mu lmmunoglobulin 

Heavy Chain Gene is Unavailable to the Translocated c-mvc Gene in a Burkin 

Lymphoma·. Nature 306:806-809 {198311. 

The new v .. and Vi DNA fragments with appropriate restriction ends were 

integrated into pAH4604 and pAG4622 as described in Example 4 above. The 
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vectors were then electroporated It Jetherl _into SP2/0·Ag l 4 myeloma cells as 

described by Coloma.et al. 119921. ·;upra. 

Ex11mp1e 14: Characterization of Murine·Hum11n 
Chimeric BrE-3 Antibody 

5 · The supernatants fro·m stable transfee1ants were assayed f~r the presence 

of the murine-human chimeric antibody as described in Examples 6 and 7 above. 

High producing transfectants were subcloned and subseQuently adapted to grow 

in serum-tree medium. The murine-human chimeric antibody produced by the 

myeloma cell line was then purified from the culture supernatant using a 

10 Sepharose 48-protein A column !Bio-Rad. Richmond. CAI as described in Ev. 

P.L., et al. (Ey, P.L.. et al .• ·isolation of Pure lgGl, lgG2a and lgG2b 

lmmunoglobulins from Murine Serum Using Protein A·Sepharose·. 

lmmunochemistry 15:429-436 119781). Antibody disulfide bonds were reduced 

to separate the light and heavy chains by heating for 10 min at ss• in Laemmli 

15 loading buffer containing 5% beta-mercaptoethanol. The separated chains were 

then ~hromatographed on a SOS polyacrylamide gel 110%). The reduced murine

human chimeric BrE·3 antibody and murine antibodies were eletrophoresed in 

separate lanes next to 97.4, 66.2, 45.0. 31 .0 and 2.5 Kdalton protein markers. 

Table 1 8 below shows the apparent molecular weights of the two bands 

20 obtained for both. 

25 

30 

Table 18: Apparent Molecular Weights of Light and Heavy 
Chains of Murine and Chimeric BrE-3 Antibodies 

Chimeric· Antibody 
Heavy Chain Light Cham 

. (Kdl IKdl 

50 30 

Murine Antibody 
Heavy Chain 
(Kdl 

49 

Light Chain 
{Kdl 

29 

The heavy and light chains of the anti-BrE-3 chimeric antibody separate 

as expected when electroph()resed on a polyacrylamide gel. 

Example 1 5: Tissue Binding Studies with Chimeric BrE-3 Antibody 

lmmunohistochemicat staining using the · immunoperoxidase technique 

of consecutive human breast carcinoma tissue sections was conducted with the 

murine·human chimeric BrE-3 antibody. A control was stained with the 

anti-human secondary antibody only. Positive staining resulted from the use of 

the murine-human chimeric BrE-3 antibody, followed by the anti-human antibody 

35 specific binding. (Pictures not shown). 

The breast carcinoma tissue sections were stained with the supernatant 
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of the transfected cells using. the Vectastain ABC method !Vector Labs. 

Burlingame. CAI. The tissue stained with th~ goat anti-human lg secondary 

antibody only shows background or non-specific staining of necrotic areas of the 

tissue section. 

The tissue stained with murine-human chimeric BrE-3 antibody, followed 

by the secondary antibody, shows specific staining of the breast carcinoma cells 

in the breast tissue sections. 

Example 16: Chimeric BrE·3 Antibody Imaging Studies 

The anti·BrE-3 murine· monoclonal antibody has been shown to be highly 

10 effective for imaging and for the radioimmunotherapy of breast cancers. For 

example, in a pharmacokinetic study of 15 breast cancer patients conducted 

with an 1111n·MXDTPA·BrE·3 radio-immunoconjugate (anti·BrE·3 antibody), the 

serum levels were low in most patients, the blood clearance correlated with the 

) circulating antigen and the imaging results showed that about 86% of all sites 

15 could be imaged lliebes. L., et al., ·Pharmacok.inetics of '"ln·BrE-3 Monoclonal 

Antibody in Patients with Breast' Carcinoma", Proc. Am. Assoc. Cancer Res. 

33:21 S(Abs No. 12921 119921). A 'oY·BrE·3 radioimmunoconjugate having 

similar pharmacokinetic characteristics and extrapolating the ,,,ln·BrE-3 

dosimetry results provide a superior therapeutic agent, as well. 

20 As with many other monoclonal antibodies, however. the clinical 

25 

applications of the anti-BrE-3 murine antibody, a whole murine antibody, are 

limited by the HAMA response. A chimeric monoclonal antibody should g!ve a 

more restricted HAMA response. 

Example 17: Chimeric BrE-3 Antibody lmmunogenicity 

The BrE·3 variable region murine polypeptides have been cloned without 

the constant regions to produce less immunogenic polypeptides than the parent 

murine antibody. It has, moreover, been shown herein that the murine·human 

chimeric BrE-3 antibody lacking its original murine constant region preserves its 

antigen binding characteristics. 

• 30 An BrE·3 antibody variable region alone .or as a murine-human chimeric 

antibody also containing a constant human region or fragment thereof would be 

significantly less immunogenic to humans than the parent murine antibody. The 

hybrid polypeptide comprising the variable region of the BrE-3 antibody and the 

constant region of a human antibody was shown to preserve the original binding 

35 affinity of the murine antibody. In this hybrid polypeptide, approximately 2/3 of 

its contiguous non-human immunogenic targets CCi, and Cw regions) were entirely 

replaced by human constant domains. 
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Example 18: PCR Primers used in First Isolation of Anti-KC-4 cONAs 

The PCR primers were purchased from Novagen (Madison. Wit. Their 

seQuences. reproduced from the booklet provided by Novagen, are shown in 

5 Table 19 below. 

Table 19: PCR Primer Sequences 

MulgxVLS'-C: sense primer mix for kappa leader. 
ACTAGTCGACATGAAGTTGCCTGTTAGGCTGTTGGTGCTG ISeQ. 10 No: 141 

10 ACTAGTCGACATGGAGWCAGACACACTCCTGYT ATGGGTISeq. 10 No: 151 
ACTAGTCGACATGGATTTWCAGGTGCAGATTWTCAGCTTC 1Seq. 10 No: 16) 

MulgxVLJ·-·1: antisense kappa constant region. 
CCCAAGCTT ACTGGATGGTGGGAAGATGGA !Seq. ID No: 171 

15 MulgV MS' -F: sense primer mix for heavy chain leader. 
ACTAGTCGACATGRACTTTGGGYTCAGCTTGRTTT (Seq. ID No: 181 
ACTAGTCGACATGAGAGTGCTGATTCTTTTGTG (Seq. ID No: 19) 
ACTAGTCGACATGGATTTTGGG!='fGAI I I I I I I IATTG (Seq. 10 No: 201 

MulgyV ,.3' -2: antisense gamma constant region. 
20 CCCAAGCTTCCAGGGRCCARKGGATARACIGRTGG (Seq. ID No: 211 

Example 19: Cloning of Murine-Human Chimeric 
ami-KC-4 Amibody Ribonucleodde 

The two expression vectors pAG4622 and pAH4604 described in 

25 Example 4 were utilized. Oligonucleotides synthesized and·used in a PCR to 

produce VM and VL fragments with the correct ends for insertion into the 

pAG4622 and pAH4604 expression vectors are shown in Table 20 below. 

Table 20· PCR Primers Sequences 

30 · J020 - sense kappa_ leader 
GOG GATATC CACC ATG AAG TTG CCT GTT AGG CTG TTG (Seq. ID No: 221 

J021 - antisense JK2 
CCC GTCGACTTAC G TTT TAT TTC CAG CTT GGT CCC CCC T (Seq. ID No: 231 

J022 - sense V .. leader 
35 GGG GATATC CACC ATG GAC TTT GGG CTC AGC TTG GTT TT (Seq.ID No: 241 

J024 - antisense JH3 
CCC GCTAGC TGC AGA GAC AGA GAC CAG AGT cc ISeQ. ID No: 251 

The original pCR1000 clones were the starting templates tor the PCR ana the 

40 rest of the procedures as described in Example 4 above. 
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Example 20: Exoression of the anti·KC4 Chimeric Antibody Gene 

The V,. and V0 regions in the anti·KC-4 murine-human chimeric antibody 

were seQuenced once again to verify that their seQuences were correct. The 

transtection of the non-producer myeloma cell line SP2/0·Ag14, IATCC: CRL 

1581 I and isolation of polypeptide was conducted as described in Example 5 

above. 

Example 21: Production of Transfected Hosts 

After ten days, stable transfectant colonies were cl~arly established at 

a frequency of approximately 1/10,000. The colonies were transferred to 

normal medium and the assays conducted as described in Example 6 above. 

Example 22: Confirmation of anti-KC-4 Murine
Human Chimeric Antibody Expression 

The supernatants were assayed for binding to human milk fat gl~bule 

{HMFGI and the breast epithelial mucin IBEMI as described previously in Example 

7 above. HMFG and BEM we,e bound to the microtiter plates as described 

previously by Ceriani, R.L. (19901, supra. In this radioassay the bound anti·KC-4 

30 chimeric antibody IHMFG and BEMI was detected by anti-human gamma chain 

conjugated to 121·1. Most colony supematants were positive by both assays. 

The colonies that secreted the highest level of chimeric antibody in the 

supernatants, as determined by these assays, were subcloned. 

35 

Example 23: Western Blot 

75 111 of the culture supernatant was added to 20 µI of 4x Laemmli buffer 

and 5 µI imercaptoethanor and the mixture was heated at 65 oC for 15 min .. 

in order to .reduce antibody disulfide bonds and, thus, separate heavy from light 

chains. 20 pl of me treated sample was chromatographed in duplicate lanes on 

a 10% SOS polyacrylamide gel together with other antibodies that were treated 

40 similarly and mat were loaded for comparison. Pre-stained size markers 

IBioRad, Richmond, CA) were also loaded. 

5 The chromatographed proteins were electroblotted onto a ProBlott 

membrane (Applied Biosystems, Foster City, CA) in 90% 30 mM CAPS pHl 1, 

10% methanol. for 1 hour at 25 V and at 4•c. The membrane was cut into 2 

parts containing identical antibody samples. The 2 membranes were immersed 

in 20% bovine calf serum in PBS and shaken slowly at room temperature for 

10 1hour 35 min. ml-labeled goat anti-human ,c chain antibody was added to one 

membrane and m1 labeled goat anti-human r chain antibody to the other 

58 

BIOEPIS EX. 1002 
Page 4141



WO 94/11! } 

. . . . . . PCT/US93/11445 

membrane. Antibodies we. labeled at a specific activity of approximately 10 

mCi/mg using the chloramin .. T method as described by Ceriani. R.L. and Blank. 

E.W. 11988), the labeled antibodies were diluted to 4,000 cpm/pl in RIA buffer. 

After incubating 3 hours at room temperature the blots were washed 

5 twice in TBS tor 10 min each time; once in TBST 150 mM TRIS pH7.5. 3 mM 

EDTA 25 mM NaCl) 10 min and once more in TBS !TBS with 0.05% Tween 201 

for 1 O min. The membranes were dried and exposed to Kodak XAR film. 

Westem blot analysis_ of culture supematants revealed that three 

antibody chains were expressed that corresponded to the three antibody chains 

10 seen in the original anti·KC-4 murine antibody. These were a heavy chain that 

stained with goat anti-human y chain ,n-1.1abeled antibody, and two light chains 

that stained with goat- anti-human IC chain ' 2s-1.1abeled antibody (Figure not 

shown). 

The treatment of the original anti·KC·4 murine antibody with 

1 5 N-glycosidase F !Boehringer Man_nheim GmbH Germany) following the 

recommendations of the manufacturer. produced a noticeable decrease in the 

intensity of the "top• light chain 'and a concomitant increase in the intensity of 

the bonom light chain (Figure not shown!. 

The explanation for the existence of an extra light chain is-that this chain 

20 is glycosylated. Three lines of evidence substantiate this. First. the detection 

of an asparagine-linked glycosylation site in the amino acid seQuence of the light 

chain. That is the triad NIS IAsn·lle·Ser) in framework 3. Second, the decrease 

of the intensity in the putative glycosyfated band after treatment with 

N-glycosidase F, while concomitantly the intensity of the non-glycosylated band 

25 was increased. Finally, 2 corresponding light chain bands are seen in the 

chimeric antibody version. The extra light chain in the chimeric version cannot 

be a contaminant since it was specifically stained by goat anti-human IC chain 

antibody. It can only be a product expressed by pAG4622. Thus both light 

chains must have the same VL amino acid seQuence and the same human 

30 constant region. These observations show that approximately half of the light 

chains of both the anti·KC·4 murine and chimeric antibodies are glycosylated at 

the asparagine-linked glycosytation site. 

Example 24· Amplification of cDNA1 Encoding 
and·KC-4 Antibody F, Regions 

35 The cDNAs that encode the anti·K.C-4 murine immunoglobulin V"' and V ~ 

were prepared as described in Example 9 above from polyadenylated RNA 

isolated from 100 million KC-4 hybridoma cells. All clones were obtained from 
• independent PCRs. The seQuences of the primers are given in Example 1 9 and 
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20 above. All primers are specific for either the leader pept : e region or fort 1e 

constant regions. The primer combinations utilized herein are ;;hown in Table 21 

below. 

Table 21: Primer Combination for PCR Amplifications 

5 Clone No. Primer combinations 

VL 96 MulgKVLS'·C + MulgKVL3'-1 
107 MulgKVLS'-C + MulgKVL3'·1 
K1 J020 + J021 

v .. 66 MulgV,.5'-F + MulgrV .. 3'-2 
10 209 Mul;V .. 5'·F + MulgyV,.3'·2 

H3 J02 + J024 
H7 J022 + J024 

Example 25: Isolation of Amplified anti-KC-4 FYL (VLI 
15 and Fvw (V ,.I cONA and Sequences 

20 

The PCR productS were cloned. without prior purification. into pCR 1000 

(lnvitrogenl and seQuenced in both directions. The V,. and VL DNA seQuences and 

their derived protein seQuences are shown in Tables 22 and 23 below. 

Table 22: VL Nucleotide SeQuences 
anti-KC-4 VL lkll..Jk2J 

Arc: Ml. TTC CCT GTr JIJ.C CTC TTC GTG CTC AN TTt' TOG Aff ccr 

= TC:C NX >CT = an TTC ATO Ac:t: CAA N:r CC!' c:TC TCC CTC 

c:t:T arc >Cr t'TT GC.\ CIAl' CAA GCC: Tt:C ,at: '!'CT TIM: NIA '!'CT MT 

25 c:JJ. Nil: A.ff t:rA CU Nff A.AT OQA AAC Ace TA% TTA QA.A TOO TAC 

CTC a.D AAA CCA OOC CAG TCT CCA ANl c:rc CTC A%C TM: AAA C1TT 

Tt:C ,at: a.A '?Tr '!'CT GC.G GTC CCA GM: NIO TTC Ni:r cac.c: Nff Gr.A 

Tc.\ CC:O N:A = TTt' AG en: IJ:t lat: NJC Ala OTO GAO GCT GAQ 

GAT CTC QQA ATr TAT TAC TOC TTT CAA Giff Tc.\ CJa GTr CC'Q TAC 

30 A.CCI TrC QC.A =a - 'Ac:t: MO CTC GM. A%A AAA C ISeQ. ID No: 261 

Table 23: v .. Nucleotide SeQUences 
antl•KC-4 V" (1110-09.JH 

35 A.TO a.\C TTT GOO CTe ACC TTG trrr TTC CTT CT'C CT II.ff ffA AAA 

c.c;T arc c:JJ. Tl:T GAA GTG CAO ATO OTO GAG '!'CT OQQ - OTO A>D 

ttT OGA GCO TCC CTC AAA CTe TCC WT GCA OC:C TCT OIM TTC OCT 

TrC At:'t MC TA% GCC ~ TCT TGC Off O:C CAO GAO A>D M1G CTC 

aAa TGC GTC GCA G.\A ATT Aar ACT GOT GOT IJ:t TAC c;a: ~ TA:!' 

40 CAA a.\C N:r arc A.CCI GCC eaA TTC ACC NIA GAC AAT CCC MO AN: 

ACC CTC TAC CTC QA.A ATG MC 1/11:T CTC ADG TCT GAO GAC A.co CC:C 

ATO T>:r TAC TW CCA I,/;/; GAO Ql;'f ATC c:c:e OC:C TGG Tff GCT TAC 

TOG cc:c: CAA GGG ACT CTO GTC TCT GTC TCT GCA o !Seq. ID No: 271 
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Example 26: Amino Acid Sequences o1 anti•KC-4 
Chimeric Antibody Fv Regions 

PCT/US9J/1 J445 

5 After the anti·KC-4 F. region cDNAS were cloned. and sequenced. and 

their cDNA·derived amino acid seQuence was compared with the N-terminus 

sequence. directly determined by a single run of amino acid sequencing on 

purified anti·KC-4 antibody. The cDNA sequences were shown to be accurate 

since in both cases they were identical for clones that were prepared from 

10 independent reverse transcription reactions. This confirms that the cloned 

cDNAs are authentic anti-KC-4 F. regions. The sequences are shown in Tables 

24 and 25 below. 

15 

20 

25 

30. 

Table 24: VL Amino Acid Sequences 
anti·K C-4V L lkll.Jk21 

FR1 
COR1 

FR2 

CDR2 
FR3 

.CDR3 
FR4 

MKLPVRLLVLMFWIPASSS ISeq. ID No: 281 

DVLMTOTPLSLPVSLGDQASISC 1Seq. ID No: 291 

RSSOSIVHSNGNTYLE !Seq. 10 No: 301 

WYLOKJ>GQSPKWY 1Seq. ID No: 311 

KVSIRFS ISeQ. ID No: 321 

GVPDRFSGSGSGTDFTlNISRVEAEOLGIYYC ISeQ. ID No: 33) 

FOGSHVPYT !Seq. ID No:341 

FGGGTKLEIK ISeQ. ID No. 35) 

Table 25: v.. Amino Add Sequences anti-KC-4V,. (IIID-D9.JH3) 

FR1 

CDRl 
FR2 

CDR2 
FR3 

CDR3 

FR4 

MOFylSLVFLVLILKGVOC 1Seq. ID No: 361 

EVOMVESGGGLVKPGGSLKLSCAASGFAFS !Seq, 10 No:371 

SYAMS !Seq. ID No: 381 

WVROSPEKRLEWV A ISeQ. ID No: 391 

EISSGGNYA YYODTVTG (Seq. ID No: 401 
RFTISRONAKNTLYLEMSSLRSEDTAMYYCAR 1Seq.' ID No: 411 

EGIPAWFA Y (SeQ. ID No: 421 

WGOGTLVSVSA (Seq. ID No: 431 

The seq.uences were interpreted as described by Kabat et al. (19911. supra. 

The residues that are underlined correspond to PCR primers. The mature VL and 

35 V,. chains begin at amino-acids D and E of framework 1 (FR1), respectively. 

Framework and COR protein segments were identified according to Kabat 

et al. (1991 J, .supra. VL is a group II« chain. Pan of the CDR 3 and all of the 
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framework 4 !FR4l are encoded by Jk.2. V .. belongs to group llld. CDR 3 and 

FR4 resulted from a genomic recombination involving minigenes 09 and JH3. 

There is an asparagine glycosylation site in the light chain in FR3. The site reads 

NIS IAsn lie Serl. 

5 Example 27: Comparison of cDNA-deduced Amino 
Acid Sequence with Directly Determined 
N·Terminal Fragment Sequence 

A comparison between the cDNA-derived polypeptide sequence and the 

amino acid sequence d~termined directly on the purified anti·KC-4 monoclonal 

10 antibody was undertaken. The results are shown in Table 26 below. 

Table 26: Comparison of cDNA-deduced with Directly 
Determined N-Terminal Amino Add Sequences 

V". cDNA·deduced 
V,. , Protein sequence 

V,. cONA-deduced 
v •. Protein sequence 

V,, cONA-deduced 
V, • Protein sequence 

X uncenain or altemaaw calla. 

ARST BAND TOP 
EVOMVESGGGLVKPGGSLKLS (Seq. ID No: 441 

.EVOMVESGGGLVKPGGXLKLS (Seq. ID No: 451 

SECOND BAND 
DVLMTOTPLSLPVSLGDOASI 1Seq. ID No: 461 
DVLMTQTPLSLPVXXGDOASI !Seq. 10 No: 471 

THIRD BAND 
DVLMTQTPLSLPVSLGDOASI (Seq. ID No: 481 
DVLMTOTPLSLPVSLGDOASI !Seq. ID No: 491 

A sample of anti-KC-4 chimeric antibody Capproximaiely 1 90 pgl was 

·reduced with 5% beta-mercaptoethanol (65oC for 15 min.), separated on three 

lanes of a 10% SOS· polyacrylamide gel, and electroblotted onto a ProBlott 

.._ membrane (Applied Biosystems. Foster Citv, CA) in 90% 30 mM CAPS pH11, 

5 10% methanol, for 1 hour at 25 V and at 4oC. The transferred protein species 

were stained with Commassie Brilliant Blue. 3 ban~s were seen in each lane, of 

which 2 migrated as expected for a heavy and light chain. The third band 

migrated above the light chain. Amino acid sequencing was· performed directly 

on the immobilized bands by the Biotechnology lnstrumenta~on Facility, 

10 University of California. Riverside. The amino acid sequence given here is the 

sequencer's best guess. 
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Expmple 28: Construction of anti-KC-4 Murine
Human Chimeric Antibody Genes 

PCT/US93/l 1445 .. 

The vector used were described in Example 1 above. Restriction ends 

were added to the cDNAs in a set of PCR reactions. using primers J020. 21, 

5 22. and 24. 

The pAG4622 light chain vector and the pAH4604 heavy chain vector 

were described in Example 12 above. 

The new V" and Vt DNA fragments with appropriate restriction ends 

were integrated into pAH4604 and pAG4622 as described in Example 12 above. 

1 O The vectors were then electroporated (together! also as described in Example 12 

above. 

Example 29: Tissue Binding Studies 

The aupematants from stable transtectants were assayed for the 

15 presence of the anti-KC-4 murine-human chimeric antibody as described in 

Example 13 above. The chimeric antibody secreted in the supernatant bound 

both HMFG and BEM very strongly. In addition. the supernatants containing 

anti-KC-4 murine-human chimeric antibody were used to stain human breast 

carcinoma tissue sections by using the immunoperoxidase immunohistochemical 

20 staining technique. The. intensity of the staining was comparable to that 

·obtained with the original murine monoclonal antibody. The anti-KC-4 

monoclonal antibody is known to bind the human milk fat globule and the breast 

epithelial mucin. This binding specificity of the anti-KC-4 . murine monoclonal 

antibody ¥.'.BS maintained even after the recombinant procedure. The anti-KC-4 

25 chimeric antibody bound very strongly to HMFG and BEM as determined by a 

radioassay (Ceriani. et al., Breast Cancer Res. Trent. 15:161 1199011. In 

addition, the anti-KC-4 chimeric antibody bound s,everal human breast tumors in 

histopathological sections in a manner comparable to the anti-KC-4 murine 

monoclonal antibody, as detected by immunostaining described in Example 15 

30 above. This specificity of binding demonstrated the retained binding reactivity 

of the variable regions of anti-KC-4 murine antibody by the polypeptide of the 

invention when attached to the human F. fragment. 

Example 30: Materials and Assays for Epitope Mapping 

The specific details of the preparation of materials. cell lines. and 

35 techniQues employed were disclosed by Peterson et al. (Peterson. J.A., et al.. 

·Molecular Analysis of Epitope Heterogeneity of the Breast Mucin", Breast 

Epithelial Antigens. Ed. Ceriani, R.L., Plenum Press. NY (199111. the relevant text 

of which is incorporated herein by reference. 
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20 

Cverlapping peptide hexamers \I\ e ::vnthesized onto the ends of 

polyethylene pins using an Epitope S .nnrng Kit !Cambridge Research 

Bioci:iemicals. Cambridge, UKJ, which is bas id on a method originally described 

by Geysen et al. !Gevsen. H.L .• et al.. ·use o1 Peptide Synthesis to Probe Vital 

5 Antigens tor Epitopes to a Resolution of a Single Amino Acid.. PNAS (USAJ 

81:3998-4002 1198411. The polyethylene .pins were arranged in a 8xt2 

configuration that fits into a 96 well microtiter dish. The pins are supplied with 

an alanine attached to the ends to which · the amino acids are added 

10 

consecutively using pentafluorophenyl 

methyloxycarbonyl (Fmocl-L-amino acids. 

active esters of fluorophenyl

Each consecutive overlapping 

hexamer differs from the previous one by a single amino acid and enough were 

synthesized to span the entire. sequence of the peptide to be tested so that every 

combination of hexamer was present. Each monoclonal antibody was tested for 

binding to the synthetic peptides using an ELISA method with horseradish 

1 5 peroxidase-conjugated goat anti-murine lgG (Promega, Madison, WII and color 

development with 2,2·azino-bis 13-ethylbenzothiazoline- 6-sulfonic acid (Sigma, 

St. Louis, MOI. 

The hexapeptides staning with A,P, o, and T bind well to the antibodies 

(Hexamers 1 to 3 and 20), whereas the hexamers starting between these 

positions did not. The hexamers that were prepared are shown in Table 27 

below. The linear amino acid sequence essential for its binding to the antigen 

may be deduced from the hexamer that each monoclonal antibody binds. For 

25 example, the anti•BrE-3 antibody reQuired the sequence TRP within the hexamer. 

' \' 

Other monoclonal antibodies required other amino acid sequences (e.g., anti

Mc5, TRPAP; anti-Mc1, OTR; anti-BrE· 1, OTRPI. BrE-2 also required TRP but its 

differem specificity for normal and tumor tissue indicates that its epitope on the 

native antigen is different from BrE-3. 
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Table 27: Epitope Mapping of Repeat Peptide Breast Mucin 

Hexamer G V T S A 
1 

2 
3 
4 

5 
6 
7 
8 
9 

10 
11 

. 12 
13 
14 
15 
16 
17 
18 
19 
20 

POTRPAPGSTAPPAHGVTS 
PDTRPA 

APDTRP 

OTRPAP 
TRPAPG 

RPAPGS 
PAPGST 

APGSTA 
PGSTAP 

GSTAPP 
STAPPA 

TAPPAH 
APPAHG 

PPAHGV 
PAHGVT 

AHGVTS 
HGVTSA 

GVTSAP 
VTSAPO 

TSAPOT 
SAPDTR 

APOTRP 

Example 31: Epitope Mapping 

Five different monoclonal antibodies CMc1. McS. BrE1. BrE2 and BrE3} 

were prepared using HMFG for immunization. All identified epitopes on the highly 

glycosvlated large molecular weight breast mucin. By immunohistochemisuy 

they appeared to recognize different epitopes since each had different tissue and 

tumor specificities (Peterson. J.A .• et al., •Biochemical and Histological 

10 Characterization of Antigens Preferentially Expressed on· the Surface and 

Cytoplasm of Breast Carcinomas Cells Identified by Monoclonal Antibodies 

Against the Human Milk Fat Globule·, Hybridoma 9:221-235 1199011. Each 

monoclonal. antibody bound to a different specttUm of normal tissues and their 

specificities tor different carcinom.as were different. Anti·BrE2 and anti-BrE3. 

1 S however, were Quite similar. In addition, by screening breast Agtll cONA 

expression libraries with some of these monoclonal antibodies. cONA clones 

were isolated that produced fusion proteins that bound all of them, while other 

cONA clones bound just some CLarroca. o .. et al., ·High Level Expression. in E. 

Coli of an Alternate Readjng Frame of pS2 mRNA that Encodes a Mimotope of 

20 Human Breast Epithelial Mucin Tandem Repeat" Hybridoma 11(2}: 191 ·201 

(199211. This binding to the fusion proteins indicated that the epitopes for these 

five monoclonal antibodies included the polypeptide portion of this glycoprotein. 

To confirm this the binding of these monoclonal antibodies to two synthetic 

polypeptide 20-mers (POTRPAPGSTAPPAHGVTSA and 

25 APPAHGVTSAPOTRPAPGSTI that spanned the tandem repeat consensus 

sequence was tested !Gendler, S.J •• et al., ·cloning of Partial cONA Encoding 
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PCT. ~~' , 144S . ,, 
Differentiation and Tumor-Associated Mucin Glycoproteins Expressed u , Human 

Mammary Eoithelium·. PNAS IUSAI 84:6060-6064 11987); Siddiaui. ,, .. et al., 

"Isolation and Seauencing of a cDNA Coding for the Human DF3 Breast 

Carcinoma-Associated Antigen·. PNAS (USA) 85:2320·2323 1198811. 

5 One was started at the beginning of the published 20 amino acid repeat 

!Gendler. S.J., et al. (1987}, supral unit. and the other was started in the middle. 

All five monoclonal antibodies bound to both synthetic peptides. as did DF3. a 

monoclonal antibody against breast carcinoma cells produced by others !Hull, 

S.R., et al., ·ougosaccharide Differences in the OF3 Sialomucin Antigen from 

10 Normal Human Milk and the BT-20 Human Breast Carcinoma Cell Line•. Cancer 

Comm. 1 :261-267 11989)). Three other monoclonal antibodies against other 

components of the HMFG that do not cross-react with the breast mucin, Mc13, 

against a 70 KOa glycoprotein. and Mc3 and Mc8, against a 46 KDa 

glycoprotein do not bind to these synthetic peptides ldata not shownl (Ceriani. 

15 R.L. , et al., ·characterization_ of Cell Surface Antigens of Human Mammary 

Epithelial Cells with Monoclonal Antibodies Prepared Against Human Milk Fat 

Globule", Somat. Cell Genet. S:416-427 119821: Peterson, J.A.. et al .• 

·Biochemical and Histological Characterization of Antigens Preferentially 

Expressed on the Surface and Cytoplasm of Breast Carcinoma Cells Identified by 

20 Monoclonal Antibodies Against the Human Milk Fat Globule·. Hybridoma 9:221· 

235 11990)). 

Exomple 32: Approach for Humanization of Antibodies 

The present humanization approach is based on Padlan. E.A., ·choosing 

the Best Framework to Use in the Humanization of an Antibody by CCR-Grafting: 

25 Suggestions from 3-0 Structural Data·. Antibody Engineering 2nd. Annual Conf. 

30 

San Diego. CA (Dec 16-17, 1991). 

The fine specificity may be preserved in a "humanized" antibody only if 

the CDR structures, their interaction with each other, and their interaction with 

the rest of the variable domains can be maintained. IPadlan, E.A.119911. supra}. 

Thia reQuires the preservation of residues of the FR amino acids which c·ontact 

the CDRs. those which are involved in the VL·V" conuct. and those which are 

buried and could influence the overall domain strucwre and the structure of the 

combining site. 

Sy examination of murine Fab structures. for which atomic coordinates 

35 are available, the FR amino acids that are probably "important· in maintaining the 

StrUCture of - the combining site may be determined (Padlan. E.A., 8th 

lntemational Congress of lmmunol •• Budapest. Hungary, Abstracts p. 19 !August 

2-28. 19921). 
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The specificity of an antibody depends on the CDR structures and 

sometimes. on some of its neighboring residues as well. These COR structures. 

-in turn, depend on contacts with framework amino acids and on the interaction 

of the Vl and v .. domains. Thus. to ensure the retention of binding affinity, not 

5 only the CDR residues must be preserved, but also those FR residues that . 

contact either the CORs or their opposite domains. as well as all buried residues. 

which give shape to the variable domains. The buried amino acids are placed in 

exactly the same positions in human and in murine frameworks (Padlan, E.A., • A 

Possible Procedure for Reducing the lmmunogenicitv of Antibody Variable 

1 O Domains While Preserving Their Ligand-Binding Properties•. Molecular 

Immunology 28:489·498 (1991)1. 

15 

This approach was applied to design humanized analogues of the variable 

regions of the murine antibodies of the invention. The humanization or design 

of the exemplary analogue peptide provided herein was undertaken as tonows. 

The identification of the residues, which are most probably •important• in 

preserving the combining site structure, permits the selec,jon of the best human 

FR sequences to use in the ·humanization• of each chimeric antibody_of known 

structure or analogues peptides of the invention. The results of the analysis can 

be used also to predict which FR amino acids should probably be retained in 

20 those cases where no three-dimensional nructural data are available. 

The present procedure was designed to reduce the immunogenicitv of the 

xenogeneic antibodies by preparation of their chimeric derivatives or fragments 

thereof while preserving their antigen-binding properties. In general, the antigen 

binding properties of an antibody are primarily determined by its CORs. The 

25 CORs of the murine antibody were •grafted• herein onto a human framework. 

30 

In addition, the FR amino acids in the antibody, that are judged as probably 

important in maintaining the combining-site structure, may also be retained in the 

humanized molecule. 

Example 33: Choice of a Murine Model of Known Structure 
for the Humaniza1ion of the BrE·3 Antibody 

The classification of the V14 and V~ domains of an antibody such as the 

anti-BrE-3 antibody was done according to Kabat, E.A., et al. (Kabat, E.A •• et al., 

·sequences of Proteins of Immunological Interest• NIH (1991). The anti-BrE-3 

35 kappa chain v~ domain belongs.to group II and the V 14 domain belongs to group 

Ille. A murine antibody was then found, whose structure had been determined, 

and whose variable regions belong to the same classes. The anti-fluorescyl 

murine antibody 4-4-20 shown. in Table 1 above (Herron. J.N .• et al., •Three

Dimensional Structure of a Fluorescein·Fab Complex Crystallized in 2-Methyl-2,4· 
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Pentanediol". Proteins. 5:: . 1-280 11 9891 fits these requirements since. like 

BrE-3, it has V l and V .. d, mains· belonging to groups ll and IIIC. Thus. the 

three-dimensional structures of antibodies BrE-3 and 4-4-20 should be ·similar. 

and BrE-3 may be modeled after 4-4-20. 

Example 34: Choice of Target· Human Framework 
for Humanization of BrE-3 Antibody 

The choice of the target human framework was not based on the 

similarity of the amino acid seQuence of the entire framework. but strictly on the 

similarity at the residues that were judged to be strucrurally important according 

10 to the 4~4-20 model. That is. only amino acids that could be involved in 

contacts with CDR of the opposite chain, or amino acids whose side-chains were 

predicted to be inwardly pointed. The positions of these amino acids are shown 

in Tables 8 and 9 and also in Tables 2, 3, 4, 5 and 6 above. These positions are 

as follows. 

15 

20 

For the light chain variable region framework: 1, 2, 3. 4, 5, 6, 11. 

_13, 19', 21, 23. 35. 36: 37. 38. 44, 45, 46, 47. 48, 49. 58. 60. 

61, 62. 69, 71. 73, 75, 78. 82. 86, 88, 98, 102. and 104. 

For the heavy chain variable region framework: 4, 6, t 2. 1 8. 20. 

22. 24, 27, 28, 29, 30. 36. 37. 38. 39,40, 45, 46, 47,48, 49. 

66,67,68, 69. 71, 73. 76, 78.BO, 82c.S6,88, 90, 91,92. 93. 

94, 103. 107,109 and 111. 

The numbering system is conventionally accepted (Kabat. et al. 11991), 

supra) and shown in Tables 10 and 11 above. In this case, the consensus 

seQuences of all human F, regions were selected as the target human framework 

25 to minimize the immunogenicity of the product. 

First. the seQuences of the murine variable chains were aligned with 

consensus seQuences from all known human variable region classes. (Henon, 

J.N., 11989), supra! and the number of differences in the amino-acids that must 

be retained ·from the murine were scored. The positions of these amino acids 

30 were obtained from those of murine monoclonal antibody 4-4-20, which ,was 

chosen to model the anti-BrE-3 antibody as shown in Tables 28 and 29 below. 
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Table 28: Choice_of BrE-3 VL Target Human Framework 

CORI 
L 

CDR2 

BREJK 
HuKi·n 
HuKii-n1 
HuKiii 
HIIKiv 

DVVMTQTPLSLPVSLGDQAStsC RSSQNLVHN-NGNTIL Y WFLOKSGQSPKll!Y RASIIU'S 
.IQ ... S.S .. SA. V .. RVT.T .. A .• S .. XXS.ISN .. A. YQ .. P.KA ......• -\ .. SLE. 
.I....S ...... TP.EP ......... S.LSXD ..... N .Y ..• P .... Q •..• LV.N.A. 
EI.L.S.GT.SLP.ER.11.. .. A .• SVSSS.-.. A. YQ .. P .• A.R. .... G .. S.AT 
.I ••.• S.D .• A ...• ER.T.N. K. •. SVLYSS.NKN .• A. YQ •. P .. P ...... W .. T.E. 

CDR3 

8Jtf3K 
HuKi·n 
HuKii•DI 
HIIIGii 
HuKiv 

GVPDRFSGSGSETDrnJClSRVEA£0LGVYFC FQG11{VPW• T FOGcrna.EIK 
... s ...•.•. G .•. ;.T;.SLQP .. FAT.Y. Q.YNSLEW •.• Q ..• v ••. 
........... G .............. V ... Y. M.ALQX.RX ••• Q .•• V .. . 
.I ......... G ..... T ... LP .. FA..Y. Q.YGSS.PL. .. Q ... V .. . 

........... O ..... T .. SLQ ... VA •• Y. Q.YYST.-X .•• Q ... V ... 

• iel1nutv witn 11111 murine 1equence 
• tl\e munn, residues that are atructurally imponant. 

Tablt 29: Choice of BrE·3 V" Target Human Framework 

SrE-3 V14 

CORI 

BREJVH EVKLEESGGGLVQPGGSMKLSCAASGFTI'S OAWMD- WVJlQSPEXOLEWVA 
HuH.1 Q.Q.VQ .. AEVKK..A.V.V .. K. •• Y .• T SYAIS- .... A.GQ •••. MG 
HuHU Q.Q.Q ... P ..• K.SQ11..S.T.'IV .• GSV. SYXWSWN .I..P.G .••.• IG 
HuHDl .. Q.V ............ Lll .... , ..... SYA.S- .... A.G ...... S 

CDRl ...... •••• • • .... 
BREJVH EIRNKANNHA TYYDESVJ<G R.fTISR.DDSKSRVYLQMlSUAEDTCiL YYcro 
Hllffl W.N·PYO.CiD.N.AQJCFQ .. V .• TA.T.T.TA.MELS ••• S .•• AV .•• AR 
HuHD R. YYR. YSCiS.X.NP.L.S . V .•. V. T .. NQPS.KLS. VT.A..AV .•• AR 
HwmJ V.SG.n>GGS •.• AD ........... N •• NTI.. ... N ....... AV ... AR 

CDlll 
BRE3VH EF AN WGQCn. VJVSA 
Hllffl APOYGSCiGCiCYRODYXFDY ••.••.•••• S 
HuHD El.J'CCiYXODDYYYXXOFDV .......... S 
HuHlD CiRXOXSLSCiXYYYYHYPDY .......... S 
• ldenotv wttn t/11 murine HQUenc, 
• the murine r11idun that are atructurally imponani. 

Based on these scores. the human frameworks belonging to groui:?s V,11 

and V "Ill were chosen to receive the anti•BrE·3 CD Rs plus other imponant amino 

acids . 

. Examplf 35: ldentffica1ion of BrE·3 Murine-Human Dffferencu 

5 The original murine seQuences (&E-3 Vr or V14) were aligned with their 

closest human (Human KIi or HIii! rela1ives that were chosen after comparing 

their seQuences in Table 28 above. The alignment of these two seQuences is 
• shown in Table 30 below .. The information in this table is also contained in Table 
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28 above. but is reproduced here for claritv. The CORs are not s~own. since 

their seQuences were not changed during the humanization process. Thus. Table 

30 shows the maximum number of amino acids that can be changed toward the 

humanization of the anti·BrE·3 antibody. based on the consensus human 

5 sequences obtained from the current databases !Kabat. E.A., et al. 119911. 

supra I. If all these positions were to be replaced with the corresponding human 

amino acids. the corresponding CDR grafted antibody variable regions would be 

attained. 

Table 30: Corresponding Amino Acid Sequences of VK BrE-3 and Human Kil 

DrE-3 VK 
Hu111111Kll 

Br£·3 VK 
lhunan K1I 

DrE-3 VII 
HumuUI 

llrE-3 VII 
llwnan Ill 

Brt:-3 VII 
Hum&n UI 

CDRI CDIU 
DVVMTQTPLSLPVSLGDQASISC WFLOKSGQSPKLUY -
.I. •• .S •••••• TP.EP..... .Y ... P .... Q .... -

COR3 
GVPDRFSGSGSE'rnFTUCJSRVEAEDLGVYFC-- F<iG<iJlCLElK 
........... c .............. v ... Y. -- •• Q ••• v .. . 

CORI 
EVKUESCCGLVOPGGSMKLSCM.SGFTI'S- WVRQSPEKCLEWV A 
.. Q.V ............ LR ........... - .... A.G ...... S 

CDIU 
---- RF"TlSRDDSKSRVYLOM1SLRAEDTCiL YYC"ro 
---- ....... N •• NTI... •.• N ....... AV ... AR 
CDIU 
----WGQGTI..VNSA 
---- .......... s 

Table 31 and 32 below contain the same information as Table 30 above 

in a different format. They show the numbers of the residues that would have 

to be changed in order to completely convert the original murine framework 

completely into a ·human consensus framework. 

VL 
Vl2 
TS7 
ST14 
OE17 
QP18 

Tabfe 31: BrE-3 Vl Amino Acid Candidates for 
Change into Human Consensus Sequences 

FY36 
SP40 
K045 
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EG68 
LV83 
FY87 

G0100 
LV104 
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v .. 
K03 
AS113 
SN76 
RT77 
IN82a 

Table 32: BrE-3 V,. Amino Acid Ce Jidates for 
Change into Human Con, _-.n~us Seciuences 

SA40 
EV5 

· ML18 
KR19 
GAS8 

Example 36: Identification of Important Murine BrE-3 Amino Acids 

' . ' 

DN73 
EG42 
AS49 
VL78 
LVS9 
TA93 
GR94 

· The "important" murine amino acids that should be preserved were 

chosen based on the contacts of a particular amino acid with the CDRs, and with 

the opposite chains and/or whether their side chains are pointing inwardly or 

outwardly. The positions of these •important· amino acids were determined 

based on the examination of the· known structures of other antibodies. This 

information is provided in Tables 33 and 34 below. 

Table 33: Important VL Amino Acid Positions to be Preserved 

VL 

V2 CCR contact Buried 
F36 CDR contact Contact with VH 
K45 COR contact 
F87 Possible contact with VH 
G100 Possible contact with VH 
L104 Buried. 

Table~; Important V,. Amino Acid Positions to be Preserved 

v .. 

M18 Buried 
S40 Buried 
A49 CDR contact Buried 
073 COR contact 
S76 Buried 
V78 CDR contact Buried 
LBS Might affect 

interaction with V L 

T93 COR contact 
G94 COR contact Buried 
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Most of the "important· amino acids were selected on the basis of the 

structure of antibody 4-4·20 and according to Tables 2. 3, 4. 5. 6. 8 and 9 

above. Two important amino acids out.of each chain. ho·wever. were selected 

based on more general structural analysis. using other antibody structures. This 

5 was done to maximize ·the chances of conserving ligand binding properties. In 

particular the preservation of the Leu at 89-H was suggested in order to ensure 

the maintenance of, the Vl:V,. contact. Although the residue aat 89-H is usually 

not in contact with VL and is only partly buried. it nonetheless contributes to the 

interface. A Val for Leu replacement at this. position could very well create a. 

10 ·cavity• which could affect the contact. An lie for Leu replacement would 

probably be fine since these amino acids have essentially the same side chain 

volume. 

Finally, by comparing the position of all amino acids that are candidates 

for mutation. shown in Tables 31 and 32 above. with those that are ·important· 

15 and should be preserved. shown in Tables 33 and 34. the final selection of 

amino acid positions for actual mutation was attained. Any •important• amino 

acid position was eliminated from the list of candidates. Table 35 below shows 

the amino acids that were selected for change from murine to human identities 

to obtain the present humanized analogue. 

20 Tpble 35: Selected Amino Acids for Muta1ion 

.25 

30 

VL 

TS? 
ST.14 
LP15 
DE17 
QP18 
SP40 
EG68 
LV83 

Example 37; lntroduc:1ion of Changes in 
BrE·3 Amino Acid Sequence 

V" 

K03 
EVS 
KR19 

EG42 
RT77 
IN82a 
GASS 
~S.t 13 

35 The changes were done at the ONA level in sequential manner. 

All but one of the codon mutations were performed using enzymatic inverse PCR 

(EIPCR). a mutagenesis technique developed by Stemmer and Morris (Stemmer, 

W.P.C and Morris, S.K •• ·Enzymatic Inverse Polymerase Chain Reaction: a 

Restriction Site Independent, ·Single Fragment Method for High Efficiency 

40 Site-Directed Mutagenesis·. Bio Techniques 13:146-220 1199211. 
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First. the ent1 " pt3smid. conuining the target cDNA was 

amplified by inverse PCR using terminal mutagenic oligonucleotides. Second.· 

Bsal was used to cut the ends of the incorporated primers. This enzyme cuts at 

a site that is displaced from its recognition site. Thus. after digestion of the 

5 open amplified plasmid with Bsal. the Bsal recognition seQuence was removed 

from the ends of the DNA. The ONA was left with complementary sticky ends 

and could be closed into a functional plasmid that contains the mutagenized 

region. The amino acid and DNA seQuences of the non-mutated lwild·tvpel 

variable light and heavy chains of the anti-BrE·J antibody are shown in Tables 

10 15 a~d 1 6 above. The amino acid seQuences of the anti•BrE-3 antibody 

frameworks and the mutations that were performed for the humanization. the 

oligonucleotide that was used for the mutagenesis, and the method of 

mutagenesis are shown in Tables 36 to 44 below. 

Table 36: fv, FR1 Mutation Sites 

Poainon FR1 Analogue 1 
18 Chllngul 

ONA Codon ~mod for 
Mut11genea11 

Primers 

Leader Peptide Nol Shown 

7 

14 
15 

17 
18 

0 
V 
V 
M 
T 
Q 
T 
p 

L 
s 
L 
p 

V 
s 
L 
G 
0 
Q 
A 
s 
I 
s 
C 

s 

T 
p 

E 
p 

IFR 11 '!Analoguel 

ACTTC'T 

AGT ACT 
CTT CC'T 

GATGAG 
CAA CCA 

• EIPCR: Enzvmauc lnver1e PolymeraH Chain Reaction 

73 

EIPCR' 

EIPCR 
EIPCR 

EIPCR 
£1PCR 

. W037.J038l 

IJ037.J0381 
CJ037.J0381 

IJ037,J038l 
IJ037,J0381 
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Table 37: F.,, FR2 Mutation Sites 

Posnlon ·FR2 

COR 1 Not Shown 

w 
F 
L 
Q 

K 
40 s 

G 
Q 

s 
p 

K 
L 
L 
I 
y 

Ana109ue 1 
18 Changes I· 

p 

ONA Codon 
(FR2l !Analogue) 

TCA CCA 

• EIPCR: Enrvmalic Inverse PolymeraH Chain Reaction 

Metnod tor 
Muta9enes11 

EIPCR' 

Table 38: FvL FR3 Mutation Sites 

Po1i1ion FR3 Analogue 1 ONA Coddn 
18 Chan9eal (FR3l (Analogue) 

COR2 Not Shown 
G 
V 
p 

0 
R 
F 
s 
G 
s 
G 
s 

68 E G GAG GGG 
T 
D 
F 
T 
L 
K 
I 

s 
R 
V 
E 
A 
E 
D 

83 L V CTG GTG 
G 
V 
y 

F 
C 

• EIPCR: Enzymanc Inverse PolymetHe Chain Reacuon 

• 
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Metllod for Primers 
Mutagenesis 

EIPCR' IJ041,J0421 

EIPCR IJ041,J0421 

P ,,ners 

tJ039,J0401 
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Position FR4 

CDRJ Not Shown 

F 
G 
G 
G 
T 
IC 
L 
E 
I 
IC 

Position FR1 

• t . . 

Table 39·: F~L FR4 Mutatio_n Sites 

Analogue 1 
Cl O Changes! 

F 
G 
G 
G 
T 
IC 
L 
E 
I 
IC 

Analoi,ue 1 
18 Changesl 

Analogue 2 ONA Codon Method for Pnmers 
16 ChangHI IFR41 IAnalogueJ Mu1a9enesos 

Table 40: FYM FR1 Mutation Sites 

ONA Codon 
IFR1l IAnaloguel 

Method for 
Mu~ne•i• 

Primers 

Leader P111111011 Not Sh0wn 

E 
V 

3 IC a AAG CAG EIPCR
0 IJ057.J0581 

l 
U057.J058l 5 E V GAG GTG EIPCR 

E 
s 
G 
G 
G 
L 
V 
a 
p 
G 
G 
s 
M 

19 IC R AAAAGA EIPCR IJ057.J0581 
l 
s 
c· 
A 
A 
s 
G 
F 
T 
F 
s 

1 tiPEA~ Enzymauc inverae Polymer••• Chan Reaction 
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FR2 

CORl Not Shown 

42 

w 
V 
R Q 
s 
p 
E 
I( 

G 
L 
E 
w 
V 
A 

Table 41: FvM FR2 Mutation Sites 

Analogue 1 
CS Changesl 

G 

ONA Coaon 
IFR2! CAnaloguel 

GAG GGG 

Mo1noa to, 
Mutagene111 

EIPCR. 

• EIPCR: Enrymac,c lnverae PolymeraH Chain Reaction 

Poeition FR2 

COR2 Not Shown 

77 

82 

88 

R 
F 
T 
I 
s 
R 
0 
D 
s 
K 
s 
R 
V 

V 
L 
0 
M 
I 
s 
L 
R ,. 
E 
D 
T 
G 
L 
y 
y 

C 
T 
G 

Table 42: FVM FR3 Mutation Sites 

Analogue l 
18 Change1I 

T 

N 

'ONA Codon 
IFR2l IAnaloquel 

AGA ACT 

ATA AAT 

GGC ace 

Method tor 
Mutageneaia 

EIPCR' 

EIPCR 

EIPCR 

' EIPCR: Enzymatic lnverae Polymerase Chain Reaction 
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Pnmcus: 

IJOSS.J0561 

Primers 

U053.J0541 

CJ053,J0541 

IJ053.J0541 
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Pos111on FR2 

COR3 Noc Shown 

w 
G 
0 
G 
T 
I. 
V 
T 
V, 
s 

113 A 

Table 43: F .... FR4 Mutation Sites 

Analogue I 
18 Changes1 

s 

ONA Codon 
(FR21 IAnaloguel 

GCA TCT 

MelhoO tor 
· Mutage nu,s 

PcR· 

Table 44: Sequences of Mutagenic Oligonudeottdes 

Primers 

U051,J0521' 

J037 TCC CTG GGT CTC ACT CCT GGA GAG CCA GCT TCC ATC TCT TGC AGA TCT AGT ISeQ. ID No. 501 

J038 AGC TTG GGT CTC AGG AGT GAC AGG C~G GGA GAG TGG AGA TTG GGTCAT CAC AAC ISeq.10 No. 511 

J039 G TTC CTG GTC TCG CCA GGC CAG TCT CCA AAG CTC CTG !Seq. ID No. 521 

J040 T TGG AGG TCT CCC TGG CTT CTG CAG GAA CCA ATA TAA AT !Seq_. 10 No. 531 

J041 TTC ACA GGT CTC A TC AGC AGA GTG GAG OCT GAG GAT GTG OGA GTT TAT TT !Seq. 10 No. 541 

J042 AGC CTC GGT CTC GCT GAT CTT GAG TGT GAA ·ATC TGT CCC TGA TCC ACT GC !Seq. 10 No. 55) 

JOS 1 CCT GGA GOA TCC ATG AGA CTC TCT TGT GCT (Seq. 10 No. 561 

J052 GTT GGG GCT AGC AGA AGA GAC AGT GAC CAG AGT ISaq. ID No. 57) 

J053 TAC CTG OGT CTC AAT AGC TTA AGA GCT GAA GAC-ACT GCC CTT TAT TAC TGT !Seq. 10 Ho. 581 

J054 TTC AGC GGT CTC GCT ATT CAT TTG CAG GTA CAC AGT ACT TTT GOA .ATC ATC ISeq.10 No. 591 

JOSS GTC CGC GGT CTC CCA GGG AAG GGG CTT GAG TGG GTT GCT GAA ATT AGA Alt; !Seq. ID No. 601 

JOSe CTC AAG GGT CTC CCC TGG AGA CTG GCG GAC CCA GTC CAT CCA GGC ATC A !Seq. ID No. 011 

J057 T GAG GAG GTC TCA GGA GGC TTG GTG CAA CCT GGA GGA TCC ATG AGA CTC TCT !Seq. ID No. 621 

JOSS GG TTG CGG TCT CCC TCC TCC AGA CTC CAC AAG CTG CAC TTC ACT CTG GAC A ISeq. 10 No. 831 

' note Primer Ht J051 and J052 wu originally Intended for mutagenizing IC19 to R lby J051 I and A 113 10 S lby 
J0521. a• ducribad below. Primer J051. however, wn somehow defective lit did not Nn He single bend on a 
polyac,vlamide 9011 and thu• only the A 113 to S mutagenoeie wn svcoH1NI. Mvtalion It 1 9 to R we, accomph1hod 
•t e lanar ome with EIPCR, u1ing primers J067 and JOSS. 

Example 38: Synthesis of Primers 

All primers except J051 and J052 were synthesized on a PCR-Mata EP 

DNA synthesizer model 391 (Applied Biosystems, Foster City CA). PrimersJ051 

and J052 were purchased from Keystone Laboratories, Inc. Menlo Park. CA. 

5· Both. the PCR method used with J051 and J052 and the EIPCR method used 

with all other primer sets, are described below. 
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•e plasmid ONA template was extracted with a kit purchased from 

QIAGEI\ ·'.Tchapsworth. CAI and diluted to 1ng/µI in 10mM TRIS 1mM EDTA pH 

7.5 · 8. This plasmid is composed of vector pCRlOOO Unvitrogen Corporation. 

San Diego, CAI into which the cDNA encoding the variable region to be 

s humanized was inserted. 

A mixture of PCR primers was made where each primer was present at 

a concentration of 1 0 pmole/µI in water. 

The PCR amplification conditions were as follows. All reagents as well 

as the GeneAmp PCR system 9600 were purchased from Perkin Elmer Cetus. 

1 o Optimal PCR conditions were determined empirically for each pair of mutagenic 

primers. A matrix of conditions varying the concentration of MgCl1, mutagenic 

primers, and template plasmid DNA was set up. The annealing and extension 

temperatures during PCR may be varied. 

Plasmid template 1500 pg/pl}, 0.5 pM each mutagenic oligonucleotide. 

15 l mM MgCl1 , 10 mM TRIS pH 8.3; 50 mM KCI. 0.2 mM each nucleotide 

triphosphate CdGTP, dATP, TTP, dCTPl. and Taq polymerase 1 unit/ 20µ1 

reaction mixture. 

Example 39: Hot Start PCR 

All the components of the PCR mixture. with the exception of TaQ 

20 polymerase. were mixed in a 95 pl volume. The mixture ·was then dispensed in 

19 pl aliquots into 6 PCR tubes. The reason for performing five independent 

reactions was to decrease the odds that unwanted mutations be isolated as a 

result of nucleotide misincorporation during PCR. The tubes were heated to 

95"C for 5 minutes and then cooled to 72"C. While at that temperature 1 pl 

25 of an appropriate_ TaQ polymerase dilution in 10 mM TRIS, pH B.3. SO mM KCI 

was added to the reaction tubes. The temperature cycling then proceeded as 

follows. 

94"C. 3 min 

((94"C, 1 mini cso•c. 1 mini (72"C, 3.5 minll 3 cycles 

30 IC94"C, 1 mini css•c. 1 mini (72"C, 3.5 min)) 25 cycles 

72'C, 10 min 

Example 40: Extra Final Extension 

After cycling, ihe contents of the five tubes were mixed and an extra 

final extension reaction was carried out. Extra nucleotide triphosphates were 

35 added tto 125 µMl, 5 units of Taq polymerase were also added and the mixture 

was heated to 72"C for 1 O minutes. 
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The PCR products were then separated on a 0.8% agarose gel in l XTAE 

buffer and 0.5 µg/ml Ethidium Bromide. The correct ONA band was visualized 

with UV light 1366 nm) •. excised from the gel and extracted with the GeneClean 

s kit purchased from Bio 101, La Jolla. CA. 

Example 42: Restriction Digestion 

The DNA was then digested with Bsal for two hours at 60 degrees 

celsius in 25 µI (20.5 µ1 of ONA, 2.5 µ110 X buffer 4 INEBI and 2 µ1 BsAI INEBI. 

Bsal sites were designed near the 5' end of the PCR primers. The primers 

10 included 6 extra nucleotides 5' of the Bsal sites to facilitate digestion by Bsal. 

15 

There were no Bsal sites ·etsewhere in the plasmid. Other restriction enzymes 

may be used as advised by Stemmer and Morris (Stemmer and Morris (19921. 

supra). This special class of restriction enzyme cuts a~ a site that is different 

from its recognition site but, nevertheless, at a precise distance from it. Using 

this method, there was no need for having restriction sites in the seQuence in 

order to perform the mutagenesis. 

Example 43: Second Purification 

The restricted products were then separated on a 0.8% agarose gel in 

1 XTAE buffer and 0.5 "9/ml Ethidium Bromide. The correct DNA band was 

20 visualized with UV light (366 nml, excised from the gel and extracted with the 

GeneClean kit purchased from Bio 101, La Jolla, CA. 

Example 44: Ugation (Redosure of Plasmid) 

The ligation mixtures consisted of 5 µ1 extracted DNA. 2 µ11 Ox ligation 

buffer (NEB) 1 µ1 T4 DNA polymerase (NEB). 12 µ1 water. The amount of 

25 plasmid DNA may be varied depending of the intensitY of the band extracted 

_J from the Gel. Ligation was carried out at room temperature for 2 hrs., or 

alternatively at 14•c overnight. 

Example 45: Transformation and Sequencing 

The reclosed plasmids were then transformed into E. coli. We used Inv 

30 alpha F' competent ceUs purchased from lnvitrogen Corporation, San Diego CA. 

Plasmid ONA was then prepared from a few transformants and 

sequenced to verify that mutagenesis was successful. 

Example 46: Mutagenesis of BrE-3 Antibody using.J051 and J052 

These oligonucleotides were designed to mutagenize K 19 to R (by JOS 1 J 
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and A 1 1 3 to S (by J0521. not by using EIPCR but using the normal PCR (with 

primers pointing to each otherl. Primer JOS 1 ca med a BamHI site and primer 

J052 carried an Nhel site. After mutagenic PCR amplification the resulting 

amplified DNA cassette was insened into the plasmid in lieu of the corresponding 

s wild-type DNA fragment. There was no compelling reason to use this method 

over the EIPCR method except that conveniently placed restriction sites (BamHI 

and Nhell were available. This method. however. yielded only the A 1 1 3 to. S 

mutation. A subseQuent analysis showed that the JOS 1 primer, which carried 

the K 1 9 to R mutation ran aberrantly on a polyacrylamide gel. 

10 The protocol for the mutagenic amplification step was as follows. 

Plasmid template 1500 pg/µ11. 0.75 µMeach mutagenic oligonucleotide. 2 mM 

MgCJ2, 10 mM TRIS pH 8.3. 50 mM KCI. 0.2 mM each nucleotide Uiphosphate 

(dGTP. dATP. TTP, dCTPI. and Taq polymerase 1 unit/20 µI reaction mixture .. 

) The PCR was hot started as described for EIPCR above. The temperature 

1s cycling conditions used were as follows. 

94•c. 3 min 

20 

(194•c. 1 mini 144°C, 1 mini 172•c. 1 mini) 3 cycles 

(194•c, 5 sec} 165°C, 1 mini cn·c. 1 minll 32 cycles 

12·c. 10 min 

The extra final extension and purification of PCR products were 

conducted as described for EIPCR above. 

The restriction digestion of the vector and the insert were conducted as 

follows. The PCR product was digested with BamHI and Nhel for 1 hr. 50 min. 

at 37•c 119 µI of ONA. 2.5 µI 1 OXbuffer 3 (NEB), 1 .5 µI BamHI (NEBI, 1.5 µI 

25 Nhel INEBl.. The vector. which is the starting plasmid described above, was 

digested under similar conditions [1µ1 plasmid (1 pg), 2µ110Xbuffer 3 (NEB>. 1.5 

µI BamHI fNEBI. 1. 5 µI Nhel CNEBI 14 µI water. 2 % hrs. at 37•c1. 

) The restricted producu. vector and insert, were then purified once more - . 
as described above for EIPCR. 

30 The ligation of the fragments was conducted as follows. The li!1ation 

mixtures consisted of 5 µI vector, 5 µI insert. 2 µ11 Ox ligation buffer CNEBI 1. µI 

T4 ONA polymerase INEBJ. 7 µI water. The amount of plasmid ONA may be 

varied depending of the intensity of the band extracted from the Gel. Ugation 

is carried out at 14•c overnight. A control ligation with vector only was carried 

35 out in parallel. The transformation of the host cells was conducted as described . 

for EIPCR. 

Example 47· Plasmid Preparation and Sequencing of Humanized BrE·3 V" 
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Plasn ;J DNA was then prepared from several independent 

transtormants. A few of the plasmids that were shown by restriction analysis 

to contain the insert were then seQuenced to verify that the mutagenesis was 

successful. · When one of the seouenced DNAs contained the desired mutation 

5 it was utilized for the next mutation cycle. The fully mutated humanized 

analogue BrE·3 DNA seQuences for the V.,, and VL segments are shown in Tables 

45 and 46 below. 

10 

15 

Table 45: BrE-3 Antibody VL Humanized Analogues ONA· Sequences 
BrE-3 VL FR-HZ 

ATO AM TrG CCT art AOQ c:TU '%TO OTO CTO Tl'O TTC TOG /A.'rT CCT GCT TCC UC: 1'Ct OAT OTT G'ro 

ATO~CAAmCCACTCTCCC!UCCT=mm-~a==KtC==-= 

Nrr~~=~=~~-~~=~====~-a~~ 
= CCA IJ,G CTC C'l'C Kff TA% ACQ otT TCC KtC ca,. nT = OGG CffC C'CA GAr: AOO TTC Nrr GCC 

Nrr~~~ACA==~=-KtC~~=-ocr~~m~== 
TTC T'GC: '?TT CAA acr ACA = an c:co = ACG TTC: Gal' - = ~ A/Iii = QA.\ ATI: MA C 

!Seq. 10 No. 641 

Tobit 46: BrE-3 Antibody VH Humanized Analogue DNA Sequences 

lrE-3 VH FR-HZ 

20 A:ra TAC: Tl'O cc:>. CTO ~ TA% OTC TTC A%A an' Tn' CTC TTA AAA ~ OTC CAO IC? QA.\ cm. ~ 

=m~=--~==~=--=ATQe====== 

-=At:f=~~~TCIQATQ~==~~=~~--=~~ ==~/A.'ZT~~,.,.,.~~~=~~~=~-==,.,.,.~
TTC~~~~~~=-Nrrm-~=CAAA:raW~~~~~ 

25 GAC At:f !i5£ c:TT TAT TAC T'GT At:f GOQ GAQ Tn' I.CT~ TaC CQC ~ IIQQ At:f CTO cn'C Al:t = = m o rSeq. 10 No.: 651 

Example 48: Humanized BrE-3 Antibody Expression 

Two expression vectors pAG4622 and pAH4604 !Coloma, M.J., et al. 

(19921, supra! were used that were developed and provided by S.L. Morrison 

30 (Dept. of Microbiology and Molecular Genetics, UCLA). Any cDNA encoding a 

signal peptide and either the variable heavy chain or the variable light chain can, 

in principle, be insened into these vectors resulting in a construction that 

encodes an lgG1, K, antibody with human constant regions. Correctly modified 

cDNAs were excised from pCR1000 with EcoRV and Sal I and insened into 

35 pAG4622. These encode the modified light chain. The wild-type heavy chain 
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was similarly excised from pCR1000 by digestion w EcoRV and NhEI and 

insened into pAi-14604. The restriction and ligation }actions necessary to 

accomplish these operations were performed under the · .. onditions stipulated by 

the enzyme manufacturers (New England Biolabs. 8£11erly, MAJ. Both the 

s vectors and the inserts were purified from an agarose gel prior to ligation. using 

the Bio101 Ila Jolla. CAI GeneClean kit (glass beadsl. The _V,. and VL regions 

in the final constructions were sequenced once again to verify that they are 

correct. The non-producer myeloma cell line SP2/0·Ag14, ATCC: CAL 1581. 

{Shulman M.. et al. (1978), supra) was transfected with both plasmid 

, o constructions. and antibody producers were isolated following the 

recommendations outlined in (Coloma, M.J. et al. (19921. supra) except that 

selection was done only for the uptake of hisO lby adping 5 mM histidinol to 

the medium and readjusting the pH to 7.4 with NaOHl. Usually after ten days, 

stable transfectant colonies were established at a frequency of approximately 

, s 1 o·• to 1 o·•. Colonies were then transferred to normal medium (without 

histidinoll. The culture media were either Oulbeco's modified Eagle's medium 

(OME): fetal bovine serum (FBS). 90:10, v/v, or a mixture of DME:RPMl:FBS. 

45:45: 1 o. v/v/v. Penicillin and streptomycin were added to prevent bacterial 

growth. 

20 The supernatants from stable transfectants were assayed for the 

presence of the antibodies. This was done by capturing the secreted chimeric 

antibody with a plate-bound goat anti-human-kappa chain antibody and 

developing with goat anti-human-gamma chain antibody, essentially as described 

previously !Coloma. M.J. 119921, supra) except that the secondary antibody was 

25 radiolabeled with 1261. The supernatants were also assayed for binding to human 

milk fat glci~ule IHMFGI as described previously (Ceriani R.L .• et al., •oiagnostic 

Ability of Different Human Milk Fat Globule Antigens in Breast Cancer". Breast 

Cancer Res. Treat., 15:161·174 (199011. HMFG is bound to the microtiter 

plates as described previously ICeriani, A.I. (1984), supra). Usually most colony 

30 supernatants were positive by both assays: Colonies that secrete the 

highest level of antibody in the supematants, as determined by these assays. 

were subcloned and subseQuently adapted .to serum-free medium for the 

purification of antibody. Serum free medium contains HL-1 ·supplement as 

directed by the manufacturer (Ventrex Labs •• Portland, ME). 

35 Ex,mple 49: Half Humanized-Half Chimeric BrE-3 Antibody 

A BrE-3 humanized light chain was paired with an anti·BrE·3 non· 

humanized chimeric heavy chain by co·transfection of SP2/0 myeloma cells with 

hybrid plasmids carrying the respective DNA sequences and those of a human 
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Expmple 50: Determinetion of Affinity Constants for Helf 
Humanized and Fully Humanized BrE-3 Antibodies 

. . . 

· The secreted half humanized-half chimeric and fully humanized antibodies 

5 were purified from culture supernatants using a Sepharose 40-protein A column 

(Bio-Rad. Richmond. CA.I as described by Ey et al. (Ev. P.L .• et al. 119781. 

supra). Microtiter plates (Oynatech, Chantilly, VAi were prepared as described 

by Ceriani et al. ICeriani, R.L.. et al. n 9921. supra) using successive layers of 

methylated BSA, glutaraldehyde, anti·,8-galactosidase and the bacterial fusion 

10 protein 11-2 (a hybrid of ,B·galactosidase and human mammary mucinl. Each 

well contained 388 ng of the 11 ·2 fusion protein. To each well were edded 25 

µ1 1211 -BrE-3 in RIA buffer (10 % bovine calf serum. 0.3% triton X-100. 0.05 

% sodium azide pH7.4, in phosphate buffer saline) and compete with 25 µI of 

either unlabeled murine or chimeric antibody in RIA buffer at the final 

1s con~entrations of 130 pM, 850 pM, 1 .3 nM, 4 nM, and 13 nMI. lodinations 

were performed with m1 (17Ci/mg, Nordion International). Fifty micrograms of 

monoclonal antibody BrE-3 (Coulter, Hialeah. FL) were labeled at a specific 

activitv of 9.56 mCi/mg using ttie chloramine T method as described previously 

by Ceriani et al. ICeriani, R.L., et al. (19881. supra) 

20 Antibody-antigen affinity constants were determined by taking the 

reciprocal of the concentration of comp~ting unlabeled monoclonal antibody that 

produced 50 % binding as described by Sheldon et al. !Sheldon, K .. et ·al.. 

!19871, supra!. The protocol used to determine affinity. constants was as 

described above except that in each case. an unlabeled antibody competed for 

25 . binding to antigen against the same radiolabeled antibody. Both, the half 

humanized-half chimeric antibody and the fully humanized antibody competed 

about as well or better with the anti-BrE·3 murine antibody for the antigen. 

Polyacrylamide gel electrophoresis was performed to insure that the 

_) antibody chains migrated as expected. The. affinity binding constants of the 

30 murine, chimeric, half humanized and humanized antibodies were determined in 

independent competition assays. 

Egompie 5] : Histochemical Specfficitv of Half end -
Fully Humanized BrE·3 Antibodies 

lmmunohistochemical staining using the immunoperoxidase technique 

35 of consecutive human breast carcinoma tissue sections was used as a test to 

. verify that the analogue antibodies retain useful affinity for the carcinoma 

antigens. Breast carcinoma tissue sections were stained with the supematant 

of the half humanized/half chimeric and fully humanized transfected cells using 
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the Vectastain ABC method CV1 ,r Labs. Burling.,me. CAI. Both antibodies 

showed strong staining panerns. 

Example 52: Gel Chromato.1raphy of Half Humanized-Halt 
Chimeric and Fully Humanized BrE-3 Antibodies 

5 Antibody disulfide bonds were reduced by heating for 10 min at 65°C in 

Laemmli loading buffer containing 5 % beta·mercaptoethanol. The separated 

chains were then chromatographed on a SOS polyacrylamide gel 110%). Two 

bands were observed for both antibodies of similar migration pattern as the 

murine antibody. These data were also confirmed by Western blotting. 

10 Example 53: Deduced Amino Acid Sequences of Humanized 
BrE-3 Variable Light and Heavy Chains 

The amino acid sequence~ of the light and heavy chains of the analogue 

humanized antibody are shown in Tables 47 and 48 below. These amino acid 

sequences may be improved either to increase affinity for the antigen or to 

15 decrease immunogenicitY in humans. Numerous variants of this sequence may 

be engineered in accordance with the invention. 

Table 47: Humanized BrE•3 VL Analogue Amino Acid SeQUence 
BrE-3 V L FR-HZ . 

20 Leader mldpvrllvlLFWIPASIS (Seq. ID No: 66) 
FR1 DVVMTQSPLSLPVTPGEPASISC (Seq. ID No: 671 
CDRi RSSQNL VHNNGNTYLY !Seq. ID No: 681 
FR2 WFLOKPGQSPKUIY !Seq. ID No: 69) 
JIIC~P;&.IRb.2 __ _..:.R~A~Su..:.IB.:.i.f~S (Seq. ID No: 701 

25 FR3 GVPDRFSGSGSGTDFTtKISRVEAEDVGVYFC 

30 

{Seq. ID No: 711 
.:,,C ... P.uB.._3 __ -.i.f~O~Gu.T.uH.z.Y:..PWT~ !Seq. ID No: 721 

· FR4 FGGGTKLEIK (Seq. ID No: 73) 

Table 48: BrE-3 V" Analogue Amino Acid Sequence 
BrE-3V" FR-HZ 

Leader mylglnyvflVFLLKGVQS !Seq. ID No: 741 
FR1 EVOLVESGGGLVOPGGSMRLSCAASGFTFS (Seq.ID No: 75) 

35 CQR1 DAWMD (Seq. ID No: 761 
FR2 WVROSPGKGLEWVA (Seq. ID No: 77} 
CQR2 EIRNKANNHA TYYQESVKG (Seq. ID No: 781 
FR3 RFTISRDOSKSTVYLOMNSLRAEDTALYYCTG (Seq. ID No: 791 
... c..,p...,R""3--......:E ..... F.A=N !Seq. ID No: 801 

40 FR4 WGQGTLVTVSS (Seq. ID No: 811 
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Example 54: Choice of Murine Model of Known Structure 
for Humanization· of anti-KC-4 Antibody 

The classification of the V,.and VL domains of an antibody such as the 

anti·KC-4 antibody was done according to Kabat et al. /Kabat. E.A .. et al.. 

s ·seQuences of Proteins of Immunological Interest· NIH 11991 ). The KC-4G3 

kappa chain VL domain belongs to group II and the V" domain belongs to group 

llld. A murine antibody was then found, whose structure had been determined. 

and whose variable regions belong to the same classes. The anti· 

myohemerythrin peptide antibody 81312 fits these reQuirements since, lik.e the 

10 anti-KC-4 murine antibody, it has VL and V,. domains belonging to groups II and 

llld !Stanfield. R.L .• et al .• •crystal Structures of an Antibody to a Peptide and 

its COf!'plex ·with Peptide Antigen at 2.8 J..•, Science 248:712-719 1199011. 

Thus, the thre~dimensional structures of antibodies the anti-KC-4 and 81312 

antibodies should be similar. and the humanization of the anti·KC-4 antibody may 

15 be modeled after 81312. 

Example 55: Choice of Target Human Framework for 
Humanization of Chimeric anti-KC-4 Antibody 

The choice of the target human framework was based strictly on the 

similarity at the residues that were judged to be structurally important according 

20 to the 81312 modal. That is, only amino acids that could be involved in contacts 

with CDRs of the opposite chain, or amino acids whose side-chains were 

predicted to be inwardly pointed. The positions of these amino acids are shown 

in Tables 49 below. 

Table 49: Important Amino Acid Positions for anti-KC-4 Antibody 
25 

30 

35 

Light Chairi Variable Region Frai:nework 

2. 3. 4. 6.7. 11. 13, 19,21. 22. 23.35. 36. 37. 3a 43. 
44, 46,47, 48, 49, 58,60. 61. 62. 69. 7t, 73. 75. 78, 
82, 85, 86. 87, 88, 98, 102, 104 and 106. 

Heavy Chain Variable Region Framework 

2. 4, 6, 12, 18, 20. 22. 24, 27, 28, 29. 36, 37. 38. 39, 43. 45, 46, 47, 48, 
49, 66. 67, 69, 71, 78, 80, 82, 82c. 86, 88, 90, 91, 92. 93. 94. 103. 107, 
109 and 111. 

The numbering system is conventionally accepted (Kabat. et al. 119911, 

supra) and. is shown in Tables 1 O and 1 1 above. In this case, the consensus 

sequences of all human F, regions were selected as the target human framework 

to minimize the immunogenicity of the product. 
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First. th i seauences of the murine variable chains were aligned with 

consensus sea~.ences from all known human variable region classes tHerron. 

J.N., (1989), supral and the number of ·differences in the amino-acids that must 

be retained from the murine were scored. The positions of these amino acids 

5 were obtained from those of the 81312 murine monoclonal antibody. which was 

chosen to model the humanization of the anti-KC-4 antibody. 

Based on these scores, the consensus seQuences human frameworks 

belonging to groups Vlll and V.,111 were chosen to receive the anti·KC-4 murine 

antibody CDRs plus other important amino acids. 

10 Example 56: Identification of Murine-Human 
anti-KC-4 Antibody Differences 

The original murine seQuences lanti-KC·4 V, or V.,I were aligned with 

their closest human (Human KIi or HUii relatives that were chosen after 

comparing their seQuences as described in Example 34 above. In the present 

15 example, it was intended to be substiMed as many amino acids as possible in 

going from the murine to the humanized variable consensus seQuences. leaving 

the important amino acids intact as described in Examples 55 and 57. The 

amino acids chosen to be preserved were a subset of those listed above. These· 

were selected by analogy to the 81312 seQuence. The single exception was the 

20 glycine 11001 residue of the original framework of the variable region of the 

murine kappa chain, which was retained despite not being encompassed in Table 

49 above since it was thought that it might contact the variable domain of the 

heavy chain. Such contacts were observed in at least three'fab that lack a gly 

at this position. 

25 'Example 57: ldentffication of Important Murine 
anti-K-4 Antibody Amino Acids 

The ·importanr murine amino acids were chosen for preservation based 

on the contacts of a particular amino acid with the CORs, and with the opposite 

,) chains and/or whether their side chains are pointing inwardly or outwardly. The 

30 positions of these ·important· amino acids were detennined based on the 

examination of the known structures of other antibodies. 

Most of the •important• amino acids were selected on the basis of the 

structure of· antibody 81312 and according to Tables 2. 3, 4, 6. 6. 8 and 9 

above. The final selection of amino acid positions for actual mutation was 

35 attained by comparing the position of all amino acids that are candidates for 

mutation with those that are •important· and should be preserved. Any 

•important• amino acid position was eliminated from the list of candidates. 

Table 50 below shows the amino acids that were selected for change in the 
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murine seauence to attain the humanizec ,eauence in the present exemplary 

analogue. 

Table 50· Anti-KC-4 Murine Antibody Variable Region 
Amino Acids Selected for Mutation 

s Position KC·4G3 Murine Identity-> Consensus Human Identity 

10 

15 

20 

25 

30 

35 

Light Chain Variable Region 
1· 

k 
;t ,9 

' n ·- e .. 
I> L V 

Heavy Chain Variable Region 

ii l R l 

i A .. I u A 

U; I A .. I i 

The change N-> Kat position 74 in the variable tight chain knowingly 

eliminated an N·linked glycosylation site, which was present in the original 

murine monoclonal antibody. 

Example 58: lntroducuon of Changes in Amino Acid Sequence 
for Humanization of ami-KC-4 Amibody 

The introduction of the changes in the amino acid sequence was not 

done as described in Example 37 above. Instead the DNA encoding each 

humanized variable region was synthesized in a single polymerase chain reaction 

(PCRI using over:tapping oligonucleotides in accordance · with the method 

described by Ye et al. (Ye. 0-Z. Jonhson. L.L., and Baragi, v .• ·Gene Synthesis 

and Expression in E.coli tor PUMP, a Human Matrix Metalloproteinase·, BBRC 

40 186(11:143-149 (1992ll. The seQuences of the mutagenic are shown in Table 

51 below. 
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Table 51: Primers for Humanization of anti-KC-4 
Murine Antibody Variable Regions 

JASt 

.10,0 

JOU 

Jon 

JOU 

J0'4 

Jon 

.1074 

J071 

,707, 

,1011 

~ ~M>.AfiCT CTCc:AGTt.TG AACTGCAGAT GGT'"..c.AG TC:'O !SEQ.ID 11e,121 

c..v.ncc=c TAGCACTAGA GACAGTC.AO: A=ecn GC=cAC. (SKQ.IP No:Ul 

AGT'GCAGA?l. ~ GGGGAQGCl"r ~CCT GC.M:GGTC:C ~C 

~ Tc:-..c.ArrCG CTTTCAQTA,G C?'A%GC""-U'G T(SEQ.lP Ho:Ul 

cna.Al'AGTA cca:rMTrA CCACCACfAC TM~ GACCCACTCC ACo:c=C 

~~GA~ ACCT~ A ISIQ. IP. IIO,: ISi 

TAAl"rAC:CC:C TAaAT'C.\AG ~ ~ ~ c.A.GACA.U"?C 

c,,a,,c,cc c:TCTACCTGC W2"GU.CAG ~C' a CIIQ. u,. No.: 1,1 

~A%~~~~~ 

TCC'l'OC l&IQ. IP IIO., HI 

ANll:o\= TCll,\C'ffACQ T'l'l'T~ ~ = GA.A am:TACGGA 

AClafff I SIIQ, IP, No. • HI 

~= ~ '1'TCCAGCAOT GATCTrn'llA TQAC'Ct: AMC TC=o: 

~ ~ OCCMJC'CTCC ~ IHQ. IP. No.: HI 

TACAA.l"GCTe TGACT~ TOCa,cao,!T' ~ (ISO~ 10. No. 1 t1) 

~A ~ ~ AJ;CNffAl.:rA AAT?'Ct: CAC.\ ~ 

~=~~·== !HQ.ID, No.: Ul 

2s Example 59: Synthesis of Primers for Humanization 
of anti-KC-4 Antibody 

All primers were. synthesized on a PCR·Mate EP ONA synthesizer model 

391 fApplied Biosystems, Foster City CAI using 40nmole columns. cycle 1 :63, 

with Trityl off. None were purified before use. The EIPCR method was used 

30 for preparing all primer sets. Their sequences are shown in Table 51 above. 

The plasmid DNA template was extracted with a kit purchased from 

OIAGEN {Tchapsworth, CA) and diluted to 1ng/µI in 10ml\4 TRIS 1mM EOTA pH 

) 7.5 ·.8. This plasmid is composed of vector pCR1000 Unvltrogen Corporation • ..___, 
San Diego, CAI into which the cONA encoding the variable region to be 

35 humanized was inserted. 

Example 60: Synthesis of anti-KC-4 Humanized 
Heavy Chain Variable Regions 

A mixture of PCR primers was made. where each primer was present at 

a concentration of 10 pmole/µI in water. 

40 Four 101 'mer oligonucleotides (J061, J062, J063 and J064J, one 

SO'mer (J059l. and one 4S'mer (J0601, were used for the synthesis of the 

humanized variable heavy_ chain. The oligonucletides concentrations were 
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estimated using the t mula 

C = ((A 28ol/30Jµg/µI 

The PCR amphf;cation conditions were as follows. All reagents as well 

as the GeneAmp PCR system 9600 were purchased from Perkin Elmer Cetus. 

5 Optimal PCR conditions were determined empirically for each pair of mutagenic 

primers. A matrix of conditions varying the concentration of MgCl2• mutagenic 

primers, and template plasmid ONA were set up as follows. However. the 

annealing and extension temperatures during PCR may be varied. 

10 

2pM primer J059 1 50nM each of primers J061, 62, 63 and 64. 
2,uM primer J060 200µM each of dGTP, dATP. TTP, and dCTP. 

15 

lOmM KCI 20mM Tris-HCI pH 8.8 
10mM INH,}zSO, 2 units per 100µ1 reaction Vent DNA 
0.1 % Triton X-100 polymerase !New England Biolabsl 

6mM MgSO, 

Expmple 61: Hot Start PCR ·for Humanization of anti-KC-4 Antibody · 

All the components of the PCR mixture, with the exception of Vent DNA 

polymerase. were mixed. The mixture was then dispensed in 19 µI aliauots into 

5 PCR tubes. The reason tor performing five independent reactions was to 

decrease the odds that unwanted mutations be isolated as a result of nucleotide 

20 misincorporation during PCR. The tubes were heated to ss•c for 5 minutes and 

then cooled to 12•c. While at that temperature 1 µt of an appropriate Vent DNA 

polymerase dilution in 1 x buffer was added to the reaction mixture (hot start). 

The temperature cycling then proceeds as follows. 

uss•c. 6 secl tss•c. 1 o sec! 112·c. 30 seclJ 3 cycles 
25 1196"C. 5 secl (60"C. 10 secl (72"C, 30 sec)) 29 cycles 

72"C, 10 min 

Example 62: Extra Final Extension for Humanized 
anti-KC-4 Antibody DNA 

After cycling, one extra final extension reaction was carried out. Extra 

30 deoxyribonucleotide triphosphates ltc 125 µMl and l unit of Vent DNA 

polymerase were added. and the minure was heated to 12•c for 10 minutes. 

The resulting synthetic DNA fragment was digested with Oral and Nhel 

and insened into the same restriction sites a plasmid construct encoding the 

. corresponding murine heavy chain variable region. 

3S Example 63: Synthesis of anti-KC-4 Humanized 
Ught Chain Variable Regions 

The light chain variable region (VL) genes were synthesized in a similar 

way as described in Examples 60 to 62 above for the heavy chain. variable 

regions. 
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Example 64: Purification of Humanized anti-KC-4 PCR Products 

The PCR products were then separated on a 0.8% agarose gel in 1 XTAE 

buffer and 0.S µg/ml ethidium bromide. The correct DNA band were visualized 

with UV light (366 nml, excised from the gels and extracted with the GeneClean 

5 kit (Bio 101, La Jolla. CAI. 

Example 65: Litigation of Humanized anti· 
KC-4 ONA to Plesmid 
IReclosure of Plasmid! 

The ligation mixtures consisted of 5 µI extracted DNA. 2 µI 1 Ox ligation 

10 buffer (NEB! 1 pl T4 DNA polymerase (NEB), 12 µI water. The amount of 

plasmid DNA may be varied depending of the intensity of the band extracted 

from the Gel. Ligation into a pBluescript KS· plasmid 1Stratagenel was carried 

out at room temperature for 2 hrs., or alternatively at 14·C overnight. 

1s Example 66: Transformation and Sequencing 
of Humanized enti·KC-4 ONA 

The reclosed plasmids were then transformed into E. coli utilizing Inv 

alpha F' competent cells purchased from lnvitrogen Corp.oration. San Diego CA. 

Plasmid DNA was then prepared from a few transformants and seQuenced to 

20 verity that mutagenesis was successful. 

Example 67: Hybrid Plasmid Preparation end Sequencing 

Plasmid DNA was then prepared and seQuenced to verity that the 

mutagenesis was successful. The mutated anti-KC-4 humanized analogue ONA 

seQuences for the V" and VL segments are shown in Tables 52 and 53 below. 

2s Tobie s2: Humanized anti·K C-4 Antibody V ~ 
Analogue ONA Sequences 

anu-KC-4 vL FR·HZ 
ATG AAG TI'G CCT GTI' AGG CTG TI'G GTG CTG ATG TI'C TGG ATT CCT GCT 
TCC AGC AGT GAT GTI' TI'G ATG ACC CAA ACT CCT CTC TCC CTG CCT GTC 

30 ACT CCA GGA GAG CCA GCC TCC ATC TCT TGC A{;A TCT A,f;T CAG AGC ATT 
GTA CAT AGT AAT GGA AAC ACC TAT TI'A GAA TGG TAC CTG CAG ~ CCA 
GGC CAG TCT CCA CAG CTC CTG ATC TAC AAA GTI' TCC ATC CGA TIT TCT 
GGG GTC CCA GAC A,f;G TI'C AGT GGC AGT GGA TCA GGG ACA GAT TI'C ACA 
CTC AAG ATC A{;C AGA GTG GAG GCT GAG GAT GTG GGA ATI' TAT TAC TGC 

UT'l'TCAA~~~GTI'~~~~GGA~~~~CTG 
GAA ATA AAA C (SEO. ID. No.: 93) 
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Table 53: Humanized anti-KC-4 Antibody 1/., 

Analogue ONA Sequences 

ant,-KC-4 v .. FR-HZ 

• ' I 

' ; .l!CTI.US9.,(f J,HS • 

ATG GAC TIT GGG CTC AGC TTG GTT TTC C7:' GTC C'!7 AT!' TTA AAA GGT 
5 GTC CAG TGT GAA GTG CAG ATG GTG GAG TC":' GGG GGA GGC TTA GTG CAG 

CCT GGA GGG TCC CTG AGA CTC TCC TGT GCA GCC T::T GGA TTC GCT TTC 
AGT AGC TAT GCC ATG TCT TGG GTT CGC CAG GCT CCA GGG AAG GGG CTG 
GAG TGG GTC GCA GAA ATT AGT AGT GGT GGT AAT TAC GCC TAC TAT CAA 
GAC ACT GTG ACG GGC CGA TTC ACC ATC TCC AGA GAC AAT TCC AAG AAC 

lO ACC CTG TAC CTG CAA ATG AAC AGT CTG AGG GCT GAG GAC ACG GCC GTG 
TAT TAC TGT GCA AGG GAG GAC TAC GGT ATC CCG GCC TGG TIT GCT TAC 
TGG GGC CAA GGG ACT. CTG GTC ACT GTC ':CT AGT !SEQ. ID. No.: 941 

Example 68: Expression of Anti-KC-4 Humanized Amibody 

Two expression vectors pAG4622 and pAH4604 (Coloma. M.J .• et al. 

l5 11992). supra) were used that were developed and provided by S.L. Morrison 

(Dept. of Microbiology and Molecular Genetics. UCLA). Any cDNA encoding a 

signal peptide and either the variable heavy chain or the variable light chain can, 

in principle, be insened into these vectors resulting in a construction that 

encodes an lgG1, K. antibody with human constant regions. Corree1ly modified 

20 cDNAs were excised from pCR1000 with Eco RI/ and Sal I and inserted into 

pAG4622. These encode the modified light chain. The wild-type heavy chain 

was similarly excised from pCR1000 'by digestion with EcoRI/ and NhEI and 

inserted into pAH4604. The restriction and ligation reactions necessary to 

accomplish these operations were performed under the conditions stipulated by 

25 the enzyme manufacturers (New Englan~ Biolabs, Beverly, MAI. Both the 

vectars and the inserts were purified from an agarose gel prior to ligation, using 

the Bio 1 01 IL.a Jolla, CA I GeneClean kit (glass beads I. The I/" and I/~ regions 

in the fil')al constructions were seQuenced once again to verify that they were 

30 

35 

correct. ~he non-producer myeloma cell line SP2/0-Ag 14, ATCC: CRL 1581, 

!Shulman M., et al. 119781, supra) was transfected with both plasmid 

consuuctions. and antibody producers were isolated following the 

recommendations outlined in Coloma et al. (Coloma, M.J. et al. 119921. supra) 

except that selection was done only for the uptake of hisD (by adding 5 mM 

histidinol to the medium and readjusting the pH to 7 .4 with NaOHI. Usuall.v after 

ten days, stable transfectant colonies were esublished at a frequency of 

approximately 10·• to 10~. Colonies were then transferred to normal medium 

{without histidinoll. The culture media were either Oulbeco's modified Eagle's 

medium (DMEI: fetal bovine serum IFBSI, 90:10. v/v, or a mixtUre of 

OME:RPMl:FBS, 45:45:10; v/v/v.. Pe~icillin and streptomycin were ~dded to 

40 prevent bacterial growth. 

The supernatants from stable transfectants were assayed for the 

presence of the antibodies. This was done by capturing the secreted chimeric 
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antibody with a plate-bound at anti-human-kappa chain antibody and 

developing with goat anti·human·! .•mma chain antibody, essentially as described 

previously (Coloma, M.J. (19921. :.uoral except that the secondary antib_ody was 

radiolabeled with m1. The supernatants were also assayed for binding to human 

s milk fat globule (HMFG! as described previously ICeriani R.L., _et at.. "Diagnostic 

Ability of Different Human Milk Fat Globule Antigens in Breast Cancer·, Breast 

Cancer Res. Treat .• 15:161-174 11990)1. HMFG is bound to the microtiter 

plates as described previously {Ceriani, R.I. (19841, supra). Usually most colony 

supernatants were positive by both assays. Colonies that secrete the 

10 highest level of antibody in the supematants, as determined by these assays, 

were subcloned and subseQuently adapted to serum-free medium for the 

purification of antibody. Serum free medium contains HL·l supplement as 

directed by the manufacturer (Ventrex Labs .• Portland, MEI. 

Example 69: Half Humanized-Half Chimeric anti-KC-4 Antibody 

15 An anti·KC·4 humanized light chain was paired with an anti·KC-4 non· 

humanized chimeric heavy chain by co·transfection of SP2/0-Ag 14 myeloma 

cells with hybrid plasmids carrying the respective ONA seciuences and those of 

a human F •. The cell line obtained, HuKC-4V1 was deposited with the ATCC on 

September 23, 1993 and awarded an accession number HS 11454. 

20 In addition. an anti-KC-4 humanized heavy chain was paired with an anti· 

KC-4 non-humanized ~himeric light chain as described in Example 69 above. The. 

thus obtained cell, HulCC-4V3 was deposited with the ATCC on September 23. 

1993 and awarded an accession number HS 11456. 

Example 70: Fully Humanized anti-KC-4 Antibody 

25 . An· anti·KC-4 fully humanized antibody was prepared by pairing fully 

30 

humanized anti·KC-4 light and heavy chains by co-transfection as described in 

Example 69 above. The cell line, HuKC-4V2, was deposited with the ATCC on 

September 23, 1993 and awarded the accession number HB 11455: 

Example 71: Determination of Affinity Con.stems for Half 
and Fully Humanized anti-KC-4 Antibodies 

The secreted half humanized antibodies and the fully humanized antibody 

were purified from culture supematants using a Sepharose 48-protein A column 

!Bio-Rad. Richmond. CA.I as described by Ey et al. (Ey, P .L., et al. 119781, 

supra). Microtiter plates (Oynatech, Chantilly, VA) were prepared as described 

35 by Ceriani et al. ICeriani, R.L.:" et al. f19921, supra! using successive layers of 
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methylated BSA, glutaraldehyde. anti·8-galactosidase and t:,.: bacterial fusio: 

protein 1 1-2 la hybrid of 8-galactosidase and human mammary mucinl. Eact: 

well contained 388 ng of the 11-2 fusion protein. To each well were added 25 

µI 1251 -KC-4 in RIA buffer {10 % bovine calf serum, 0.3% triton X-100. 0.05 % 

5 sodium azide pH 7.4, in phosphate buffer saline! and compete with 25 µI of 

either unlabeled murine or chimeric antibody in RIA buffer at the final 
. ' 

concentrations of 130 pM, 850 pM, 1.3 nM, 4 nM. and 13 nMI. lodinations 

were performed with 1211 (17 Ci/mg, Nordion lntemationall. 50 pg anti·KC-4 

monoclonal antibody !Coulter, Hialeah, FLI were labeled at a specific activity of 

10 9.56 mCi/mg using the chloramine T method as described previously by Ceriani 

et al. (Ceriani, R.L., et al. 119881. supra). 

The antibody-antigen affinity constants were determined by taking the 

reciprocal of the concentration of competing unlabeled monoclonal antibody that 

produced 50 % binding as described by Sheldon et al. (Sheldon, K., et al . 

15 119871, supra). The protocol used to determine. affinity constants was as 

described above except that in each case. an unlabeled antibody competed for 

binding to the antigen against, the same radiolabeled antibody. The fully 

humanized antibody was shown to compete about as well or bener with the 

anti-KC-4 murine antibody for the KC-4G3 antigen. 

20 

25 

Polyacrylamide gel electrophoresis was performed to insure that the 

antibody chains migrated as expected. The affinity binding constants of the 

murine, chimeric, half humanized and humanized antibodies were determined in 

independent competition assays. 

Example 72: Histochemical Specificity of Half and Fully 
Humanized anti-KC-4 Antibodies 

lmmunohistochemical staining using the immunoperoxidase techniQue of 

consecutive human breast carcinoma tissue sections was used as a test to verify 

that the analogue antibodies retain the affinity for the KC-4G3 carcinoma antigen 

of the murine antibody. Breast carcinoma tissue sections were stained with the 

30 supernatant of the KC-4 murine and fully humanized transfected cells using the 

Vectastain ABC method (Vector Labs. Burlingame, CA). Both antibodies sh~wed 

strong staining panems. 

The following Table 54 shows the results of the immunoperoxidase 

staining of five human breast carcinomas with either the standard anti-KC-4G3 

35 murine or the fully humanized antibodies. Both stained the same tissues at a 

comparable level. 
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Table 54: 

Breast Tumor 

1 
2 
3 
4 
5 

.ea'. f' 

t & • I 

• t • • ' ' ' 

'PJ:'f/tJS931'1'1445 · 
• • , t 

1mmunoperoxidese Staining of Humen Breest 
Cercinome Tissue Sections with Murine end 
Fully Humanized anti-KC-4 Antibodies 

Munne Antibody 

++ 
+++ 

++ 
+++ 

Fully Humanizeo Antibody 

++ 
+++ 

++ 
+++ 

10 Example 73: Binding to HMFG of Half Humanized and 
Fully Humanized anti-KC-4 Antibodies 

Tissue culture supernatants from transfectants of all three anti-KC-4 

variants of the humanized antibody were shown· to bind the human milk fat 

globule (HMFGI as determined by radio-immunodetections. 

15 Example 74: Half Humanized and Fully Humanized 
anti-KC-4 Antibodies Bind to Goat 
an1i•Human ,t or r Antibodies 

Tissue culture supernatants from transfectants of all three variants of the 

anti-KC-4 humanized antibody were shown to bind in sandwich 

20 radioimmunodetections to both goat anti-human kappa chain antibody bound to 

microtiterplate wells (750ng/welll, and to radio-iodinated 1211-labeled goat 

·anti-human gamma chain antibodies. 

The resutu of these sandwich assays demonstrate that both chains of 

the humanized antibodies indeed possess human kappa and gamma constant 

25 regions. 

Example 75: Deduced Amino Acid Sequences·of Humanized. 
. anti-KC-4 Variable Ugh! and Heavy Chains 

The amino acid sequences of the light and heavy chains of the analogue 

\.J humanized antibody are shown in Tables 55 and 56 below. The actual amino 

30 acid sequences may be varied either to increase affinity for the antigen or to 

decrease immunogenicity in humans. Numerous variants of this sequence may 

be engineered in accordance with the invention. 
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Table 55: Humanized anti-KC-4 Antib: y \, ~nalogue . ,equence 

anti-KC-4 VL FR-HZ 

MKLPVRLLVL MFWIPASSSD VLMTOTPLSL PVTPGEPASI SCRSSQSIVH 

SNGNTYLEWY LOKPGOSPOL LIYKVSIRFS GVPORFSGSG SGTOFTLKIS 

5 RVEAEDVGIY YCFQGSHVPY TFGGGTKLEI K 1SeQ. ID No: 951 

Table 56: Humanized anti-KC-4 Antibody v .. Analogue Seauenc;e 

anti•KC-4 V" FR-HZ 

MDFGLSL VFL VLILKGVOCE VQMVESGGGL VOPGGSLRLS CAASGFAFSS 

10 YAMSWVROAP GKGLEWVAEI SSGGNYAYYO DTVTGRFTIS RDNSKNTLYL 

OMNSLRAEOT AVYYCAREDY GIPAWFAYWG OGTlVTVSS (Seq. ID No: 961 

Example 76: Half Humanized-Half Chimeric anti-BrE-3 Antibodies 

A humanized BrE-3 light chain was paired with a non-humanized chimeric 

15 BrE·3 heavy chain by co-transfection of SP2/0-Ag14 myeloma cells with hybrid 

plasmids carrying the respective DNA sequences and those of a human F •• The 

cell line obtained, HuBrE3V1, was deposited with the ATCC on November 10, 

1993 end awarded an accession number HB __ 

In addition, a humanized BrE-3 heavy chain was paired with a non· 

20 humanized chimeric BrE·3 light chain as described in Example 69 above. The 

thus obtained cell, HuBrE3V3 was deposited with the ATCC on November 10, 

1993 and awarded an accession number HB __ 

Example 77: Fully Humanized BrE-3 Antibody 

The fully humanized BrE-3 antibody was prepared by pairing fully humanized 

25 - BrE·3 light and heavy chains by co-transfection as described in Example 69 

above. The thus obtained cell line, HuBrE3V2, was deposited with the ATCC on 

November 13. 1992 and awarded the accession number HB 11 1 1200. 

Expmple 78: Half Humanized and FuUy Humanized 
BrE·3 Antibodies Bind to Goat 

30 · anti-Human " or I' Antibodies 

Tissue culrure supematants from transfectants of all three variants of the 

humanized BrE·3 antibody were shown to bind in sandwich 

radioimmunodetections to both goat anti-human kappa chain antibody bound to 

95 

BIOEPIS EX. 1002 
Page 4178



! 

__ } 

VO 94/11S09 •.• :PCT/US9~/J;l44~ . . . 
microtiterplate wells 1750ng/~elll. and to radio-iodinated •n1.1abeled goat 

anti-human gamma chain antibodies. 

The results of these sandwich assays demonstrate that both chains of the 

humanized antibodies indeed possess human kappa and gamma constant 

s regions. 

Example 79: Binding to HMFG of Helf Humanized and 
Fully Humanized BrE-3 Antibodies 

Tissue culture supematants from transfectantS of all three BrE-3 variants of 

the humanized antibody were shown to bind the human milk fat globule IHMFGI 

to as determined by radio-immunodetections. 

Example so: Compe1ition Assays and Determination of Affinity 
ConstentS for Helf Humanized BrE-3 Antibodies 

The secreted half humanized antibodies were purified from culture 

supematants using a Sepharose 48-protein A column (Bio-Rad. Richmond, CA.I 

15 as described by Ey et al. fEy, P.L:, et al. 119781, supra!. The fully humanized 

antibody 1HuBrE3 V2) was not purified. Its concentration in the culture 

supernatant was determined by radioimmunodetection using a plate-bound goat 

anti-human kappa chain antibody as a capturing antibody and using radiolabled 

goat anti-human gamma chain antibody as a detecting antibody. A parallel 

20 standard curve of human lgG,K was used to determine the unknown 

concentration of HuBrE3 V2. Microtiter plates (Oynatech. Chantilly, VAi were 

prepared as described by Ceriani et al. (Ceriani, R.L., et al. 119921. suprafusing 

successive layers of methylated BSA, glutaraldehyde. anti·P-galactosidase and 

the bacterial fusion protein 11-2 (a hybrid of p-galactosidase and human 

25 mammary mucinl. Each well contained 388 nanograms of the 11-2 fusion 

protein. To each well were adde~ 25 µI 1211 -BrE-3 in RIA buffer (10 % bovine 

calf serum. 0.3% triton X-100. 0~05 % sodium azide pH 7.4, in phosphate 

buffer salinel and competed with 25 .ul of either unlabeled murine or humanized 

antibody in RIA buffer at the finai concentrations of 130 pM, 850 pM, 1.3 nM, 

30 4 nM, and 13 nMI. lodinations were perlonned with 1211 (17 Ci/mg, Nordion 

International). 50 .ug BrE-3 monoclonal antibody (Coulter, Hialeah, Fl! were 

labeled at a specific activity of 9.56 mCi/mg using the chloramine T method as 

described previously by Ceriani et al. ICeriani, R.L .. et al. 119881, sup,a). 

All humanized versions of the BrE-3 antibody were shown to compete 

35 about as well or better with the labeled murine BrE-3 antibody for ~e antigen as 

did the murine BrE3 antibody. The protocol used to determine affinity constants 

was as described above except that in each case. an unlabeled a_ntibodv 

competed for binding to the antigen against the same radiolabeled antibody. The 

antibody-antigen affinity constants were determined by taking the reciprocal of 
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the concentration of competing unlabe. d monoc1onal antibodv that produced 50 

% binding as described bv Shelcon et ul. !Sheldon. K .. et al. 11987). supraJ. 

Polyacrvlam1de gel electrophoresis was performed to insure that the 

antibody chains migrated as expected. The affinity binding constants of the 

s murine. chimeric. half humanized and humanized antibodies were determined in 

independent competition assays. 

Example 81: Histochemical Speetficitv of Half 
Humanized BrE-3 Antibodies 

· 1mmunohistochemical staining using the immunopliroxidase teehniQue of 

1 o consecutive human breast carcinoma tissue sections was used as a test to verify 

that the analogue antibodies retain the affinity for the carcinoma antigen of the 

murine BrE·J antibody. Breast carcinoma tissue sections were stained with the 

supernatant of cells transfected with the HuBrE3 V1 humanized antibody using 

the Vectastain ABC method (Vector Labs. Burlingame. CA). Both antibodies 

15 showed strong staining patterns. 

The following Table 57 shows the results of the immunoperoxidase 

staining of five human breast carcinomas with either the standard BrE-3 murine 

O( the half humanized HuBrE3 V1 antibody. Both stained the same tissues at a 

comparable level. 

Table 57: 

Breast Tumor 

1 

2 

3 

4 

5 

lmmunoperoxidese Steining of Humen Breast 
Carcinoma Tissue Sec1ions with Murlne and 
Half Humanized BrE-3 Antibodies 

Murine Antibody Half Humanized Antibodies 

+.+ ++ 

+++ +++ 

++ ++ 

+ +·+ +++ 

Example 82: Hybridoma Cell Depoaita 

The following cell lines were deposited as present examples of the best 

mode of the invention. The hybridoma cell lines expressing the murine-human 

fully chimeric BrE-3 and anti·KC4 antibodies and the fully humanized BrE·J 

antibody were deposited with· the ATCC on November 13, 1992 under the 

Budapest Treaty, and have been assigned Accession Nos. HB 11199 (Chimeric 

BrE-3 A 1 Cl 0), HB 11201 CC:himeric anti-KC-4 1 EB) and HB 11200 (Humanized 
~ . 

BrE-3 A 1 Cl 0). The hybridoma cell line expressing the anti·KC-4 humanized 
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antibody was deposited with the ATCC on September 23. 1993 and has been 

assigned Accession No. HS 11455 (Humanized HuKC-4 V2l. The half chimeric/ 

half humanized antibody cell lines deposited with the ATCC are as follows: 

ATCC No. HS 11454 (light humanized/ heavy chimeric chains. HuKC·4V1 I and 

ATCC No. HS 11456 (Heavy humanized/ light cnimeric chains. HuKC·4V31 were 

deposited on September 23. 1993, and ATCC No. HS !light humanized/ 

heavy chimeric chains, BrE3V1) and ATCC No. HB ___ (heavy humanized/ 

light chimeric chains, BrE3V31 were deposited on November 10, 1993 under the 

Budapest Treaty as examples of the best. mode of the invention known to the 

inventors. 

The invention now being fully described. it will be apparent to one of 

ordinary skill in the an that many changes and modifications can be made 

thereto without departing from the spirit or scope of the invention as set fonh 

herein. 
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WHAT IS CLAIMED AS NOVEL AND UNOBVIOUS AND 
DESIRED TO BE PATENTED IN LETTERS PATENT IS: 

: PC1:;'US'9Jii·1~5: . 

1 . A pure. isolated analogue peptide which selectively binds to an 

antigen that is present on the surface or in the cytoplasm of a neoplastic 

_cell or that is released by. the cell. the peptide being selected from the 

group consisting essentially of at least one COR of the light· or heavy 

chain of an antibody of a first species having affinity and specificity for 

the human mammary fat globule (HMFGI antigen and an antigen found on 

the surface or the cytoplasm of a neoplastic cell or that is released by the 

cell; at least one variable region of the light or heavy chains of an 

antibody of the first species having affinity and specificity for the HMFG 

antigen and an antigen found on the surface or the cytoplasm of a 

neoplastic cell or that is released by the cell, wherein about 1 to at least 

46 amino acids in the FRs are substituted per chain with amino acids 

selected from the group consisting of amino acids present in eQuivalent 

positions in antibodies of a species other than the first species. or 

fragments thereof comprising 1 to 3 CDRs per chain and flanking regions 

thereof. each of about , to st least 10 amino acids. alone or with an N-

. terminal fragment of about 1 to at least 10 amino acids: combinations 

thereof. wherein each analogue peptide is operatively linked to at least 

one other variable region peptide or analogue thereof; and mixtures · 

thereof. 

2. The anti-neoplastic analogue peptide of claim 1 • wherein the 

antibody of the first species is selected from the group consisting of 

murine, rat, goat, rabbit •. canine, primate, guinea pig, bovine. eQuine. 

feline and porcine antibodies. 

3. The anti-neoplastic analogue peptide of claim 1, being able to 

compete with the antibody secreted by the hybridoma cell A TCC No. _HB 

10028 for the human mammary fat globule antigen. 

4. The antineoplastic analogue peptide of claim 1. having an 

amino acid sequence selected from the. group consisting of amino acid 

Sequence ID Nos: 67 through 73; amino acid Sequence ID Nos: 75 

through a 1 : fragments thereof comprising at least one CDR or one CDR 

and two flanking regions thereof per chain; combinations thereof. wherein 
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each analogue peptide is operatively linked to at least one othe. analogue 

peptide; and 

mixtures thereof. 

5. A glycosylated · analogue peptide selectively binding to an 

antigen present on the surface or in the cytoplasm of a neoplastic cell or 

that is released by the cell, comprising the analogue peptide of claim 1 : 

and at least one glycosyl residue operatively linked to the peptide. 

6. A composition of matter, comprising the analogue peptide of 

claim 1; and a carrier. 

7. A diagnostic kit for the in vivo therapy of neoplasms. 

comprising the composition of claim 6 in pharmaceutically-acceptable 

form; and instructions for its use. 

8. The kit of claim 7, fL!_rther comprising a molecule capable of 

selectively binding the analogue peptide and comprising an effector agent 

·operatively linked thereto. 

9. The kit of claim 7, wherein the effector agent comprises a 

molecule selected from the group consisting of therapeutic, immunogenic 

and diagnostic agents. radioisotopes. ONA monomers, RNA monomers. 

chemical linkers,· transmitter molecules, combinations thereof, and 

combinations thereof with peptide and non-peptide polymers or 

copolymers. 

1 0. An in vitro carcinoma diagnostic kit. comprising the 

compos.ition of claim 6; a solid support having o·perativelv linked thereto 

an antigen which selectively binds to the analogue peptide; end 

instructions for its use. 

, 1. The kit of claim 1 0, further comprising a molecule capable of 

selectively binding the analogue peptide and comprising en effector agent 

operatively linked thereto. 

1 2. The diagnostic kit of claim J 0, funher comprising' anti· 

constant region immunoglobulins. protein G. protein A, other antibody 

binding molecules or binding fragments thereof. 

, 3. A hybrid analogue polymer, comprising at least one analogue 

peptide of claim 1 and at least one effector agent operatively linked to the 
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peptide; combinations thereof; and mixtures thereof. 

14. The hybrid analogue polymer of claim 1 3, wherein the effector 

agent is selected from the group consisting of monomers. and non

peptide and peptide polymers other than the constant region of an 

antibody of the same species. 

15. The hybrid analogue polymer of claim 1 3, wherein the effector 

agent comprises a radioisotope, an enzyme. or a phosphorescent or a 

fluorescent label. 

16. The hybrid.analogue polymer of claim 14, wherein the effector 

agent comprises a molecule selected from the group consisting of 

therapeutic, immunogenic and diagnostic agents, radioisotopes, 

phosphorescent and fluorescent agents, enzymes, DNA and RNA 

monomers, chemical linkers, transmitter molecules, combinations thereof, 

and combinations thereof with peptide and non-peptide polymers or 

copolymers. 

1 7. The hybrid analogue polymer of claim 14, wherein the effector 

agent comprises a non-peptide polymer selected from the group 

consisting of ester. ether, vinyl, emido, imido, alkylene, arylalkylene. 

cyanate; urethane. and isoprene polymers. halogenated polymers, ONA 

and RNA polymers. copolymers thereof, and copolymers thereof with 

peptide polymers or monomers. 

1 8. ·Toe hybrid analogue polymer of claim 14, wherein the effector 

agent comprises a peptide polymer selected from the group consisting of 

the constant region of antibodies or fragments thereof. the CDRs or 

variable regions of antibodies, whole antibodies. Feb and Feb', !Fab'h, 

or antibody fragments of a species other than the first species, analogues 

thereof, hormones. enzymes, peptide transmitters, combinations thereof. 

and combination thereof with non-peptide polymers, copolymers or 

monomers. 

19. The hybrid analogue polymer of claim 1 8, wherein the 

analogue peptide comprises amino acid sequences of non-human origin; 

and the peptide polymer comprises at least one constant region of the 

light or heavy chains of a human antibody or fragments thereof capable 
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of binding to anti-constant region imrr 1oglobulins. protein G or protein 

A or other antibody binding molecules 

20. The hybrid analogue polymu of claim 19. being selected from 

the group consisting of ~n analogue peptide comprising two heavy and 

two light chains. each light and heavy chain comprising at least one non

human CDR or analogue variable region peptide and at least one human 

constant region or fragment thereof; at least one human-non-human 

analogue Feb, Feb', or (Fab')1 fragment thereof: fragments 

thereof:combinations thereof; and mixtures thereof. 

21 . The hybrid analogue polymer of claim 20, wherein each pair 

of the analogue heavy and light chains has a different predetermined 

specificity. 

22. The hybrid analogue polymer of claim 1 3, wherein the 

analogue peptide and the effector agent ere operatively linked by a 

polymer. 

23. The hybrid analogue polymer of claim 13. being selected from 

the group consisting of at least one CDR or analogue variable region of 

the heavy chain of a first antibody of the first species or fragment thereof 

comprising at least one CDA and two flanking regions thereof and a first 

effector agent; at least one CDR or analogue variable region of the light 

chain of a second antibody of the first species or fragments thereof 

comprising at least. one CDA and two flanking regions thereof. and a 

second effector agent, wherein each chain has a predetermined 

specificity; combinations thereof; and mixtures thereof. 

24. The hybrid analogue polymer of claim 13, wherein at least 

one first pair of light and heavy chains comprising at least one CDR or 

analogue variable region or fragments thereof is linked to at least one 

second pair of the analogue light and heavy chains comprising at least 

one CDR or one analogue variable region or fragments thereof. 

25. An anti-carcinoma composition, comprising the hybrid 

analogue polymer of claim 13; and a carrier. 

26. An in vivo carcinoma therapy and diagnosis kit, comprising 

the anti-carcinoma composition of claim 25 in pharmaceutically-
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acceptable form; and instructions for its use. 

27. The kit of claim 26, further comprising a molecule capable of 

selectively binding the analogue peptide and comprising an effector agent 

operatively linked thereto. 

28. The kit of claim 27. wherein the effector agent comprises a 

molecule selected from the group consisting of therapeutic, immunogenic 

and diagnostic agents. radioisotopes. ONA monomers. RNA monomers. 

chemical linkers. transmitter molecules, combinations thereof, and 

combinations thereof with peptide and non-peptide polymers and 

copolymers. 

29. A diagnostic kit for carcinomas, comprising the anti-carcinoma 

composition of claim 25; a solid support having operatively linked thereto 

an antigen which specifically binds to the hybrid analogue peptide; and 

instructions for its use. 

30. The kit of claim 29, further comprising a molecule capable of 

selectively binding to the hybrid analogue polymer, the molecule having 

an effector agent operatively linked thereto. 

31. The diagnostic kit_ of claim 29, further comprising anti

constant region immunoglobulins, protein G, protein A. other antibody 

binding molecules or binding fragments thereof. 

32. A method of determining the presence of neoplastic cells in 

a tissue. comprising contacting a tissue suspected of comprising 

neopiastic cells with the anti-neoplastic analogue peptide of claim 1 and 

allowing the analogue peptide to bind to antigen associated with any 

neoplastic cells present in the tissue to form an analogue peptide-cell 

antigen complex; and 

detecting the presence of any complexes formed. 

33. An in vitro method of determining the presence of neoplastic 

cells in a tissue comprising the method of claim 32, wherein the tissue is 

excised from a subject prior to being contacted with the analogue peptide 

in vitro. 

34. An· in vitro method of diagnosing a neoplasm comprising the 

method of claim 33, and comparing the results with a standard cut-off 

I .,. 
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value determined by c ·11paring results obtained for normal and neoplastic 

samples. wherein a csult above the cut-off value is diagnostic of a 

neoplasm. 

35. The in vitro method of diagnosing a neoplasm of claim 34. 

conducted by contacting a biological sample obtained from a subject 

suspected of having a neoplasm with a known amount of the anti-tumor 

analogue peptide of claim 1 in the presence of a solid supported antigen 

molecule that is selectively bound by the analogue peptide and allowing . 

the formation of solid supported analogue peptide-antigen molecule 

complexes and analogue peptide-sample antigen complexes with any 

neoplastic cell antigen present in the sample; detecting any complex 

formed between the analogue peptide and the solid supported neoplastic 

antigen; and comparing the result obtained with the standard cut-oft 

value. 

36. An in vivo method 9f imaging a neoplasm present in a subject. 

comprising the method of claim 32, wherein a pharmaceutically

acceptable composition comprising an effective amount of the analogue 

peptide in radiolabeled form to reach the neoplasm and bind thereto is 

administered to a subject suspected of having a primary or metastasized 

neoplasm: and the detection is of any binding of the labeled 

analogue peptide to the antigen on the surface or in the· cytoplasm of the 

neoplastic cells. 

37. An in vivo method of diagnosing the· presence of a neoplasm 

in a subject comprising the method of claim 36. and comparing the 

results with a standard cut-off value determined by comparing results 

obtained tor normal and neoplastic samples. wherein a result above the 

cut~off value is diagnostic of a neoplasm. · 

38. A method of inhibiting the growth or reducing the size of a 

primary or metastasized neoplasm in e subject comprising administering 

to a subject in need of the treatmem an effective amount of the anti

tumor composition of claim 25 in pharmaceutically-acceptable form, 

wherein the effector agent comprises a therapeutic agent. 

39. The method of claim 38, further comprising administering to 
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the subject· a molecule cao~ble of selective I { binding to the analogue 

peptide and having an effector agent operatively linked thereto. 

40. A method of purging neoplastic cells from a biological fluid. 

comprising the method of claim 32: and separating any analogue peptide

cell complexes present from the remainder of the fluid. 

41. An ex vivo method of purging neoplastic cells from a 

biological sample obtained from a subject. comprising obtaining a 

biological sample from a subject suspected of having a neoplasm; 

conducting the method of claim 40 with the biological sample; and 

replenishing the purged biological sample to the subject. 

42. An in vitro histochemical method of assessing the presence of 

neoplastic cells in a tissue, comprising obtaining from a patient suspected 

of having a neoplasm a tissue sample and preparing therefrom a tissue 

substrate; contacting the tissue substrate with the analogue peptide of 

claim 1 and allowing the. analogue peptide to bind to any neoplastic cells 

present therein; and detecting the presence of any complexes formed. 

43. A hybridoma cell expressing the analogue peptide of claim 1. 

44. The hybridoma cell of claim 43, having the ATCC No. HB 

11200. 

45. The hybridoma cell of claim 43, having the ATCC No. HB 

11455. 

46. The hybridoma cell of claim 43, having the ATCC No. HB 

11454. 

47. The hybridoma cell of claim 43, having the ATCC No. HB 

11456. 

48.The hybridoma cell of claim 43, having the ATCC No. HS 

(HuBrE3V1 ). 

49. The hybridoma cell of claim 43, having the ATCC No. HB 

__ (HuBrE3V3). 

50. A composition, comprising the hybridoma cell of claim 43, and 

a diluent or carrier. 

51. A pure, isolated analogue polydeoxyribonucleotide, comprising 

an analogue oligodeoxyribonucleotide encoding the analogue peptide of 
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52. The analogue polydeoxyribonucleotide of claim 51, wherein 

the analogue oligodeoxyribonucleotide comprises a DNA seQuence 

selected from the group consisting of DNA Sequence ID No: 64; DNA 

Sequence 10 No: 65; fr_agments thereof encoding at least one CDR or one 

COR and two flanking regions per chain: redundant ONA sequences 

thereof; combinations thereof; and mixtures thereof. 

53. A hybrid vector. comprising a vector having the analogue 

polydeoxyribonucleotide of claim 51 operatively linked thereto. 

54. The hybrid vector of claim 53, further comprising a 

polydeoxyribonucleotide comprising anoligodeoxyribonucleotide encoding 

an effector peptide, the effector peptide-encoding 

polydeoxyribonucleotide being operatively linked to the· vector. 

55. A transfected host cell. carrying the hybrid analogue vector 

of claim 53. 

56. A pure. isolated analogue polyribonucleotide, comprising an 

analogue oligoribon~cleotide encoding the analogue peptide of claim 1. 

5 7. A method of producing an analogue peptide which specifically 

binds to an antigen on the surface or in the cytoplasm of neoplastic cell. 

or is released by the cell, comprising a> cloning the analogue 

polydeoxyribonucleotide of claim 40 into a vector to form a hybrid vector; 

bl transfecting a host cell with the hybrid vector and allowing the 

expression of the analogue peptide; and cl isolating the analogue peptide 

or mixtures thereof. 

58. The method of claim 57, further comprising site-specifically 

modifying the codon of at least one amino acid in the framework region 

of a non-human antibody prior to step al to obtain the analogue 

polydeoxyribonucleotide. 

59. The method of claim 57, wherein steps al and bJ are 

conducted by cloning · analogue polydeoxyribonucleotides encoding 

analogue peptides selected from the group consisting of at least one COR 

or analogue variable region of the first species or fragments thereof 

comprising at least one COR and two flanking regions of the heavy or 
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light chains ot the antibody of the first species: and the method further 

comprises di allowing the expressed analogue peptides to interact with 

one another to form double chains. 

60. A method of producing a hybrid analogue peptide comprising 

an analogue peptide which specifically binds to an antigen on the surface 

or in the cytoplasm of a carcinoma cell or to an antigen released by the 

cell and an effector peptide, the method comprising al transfecting a host 

cell with the hybrid ana·logue vector of claim 54 and allowing the 

expression of the anti-carcinoma hybrid analogue peptide: and bl isolating 

the anti~carcinoma hybrid analogue peptide or mixtures thereof. 

61. An anti-idiotype polymer, comprising polyclonal antibodies 

raised against anti-tumor antibodies or the analogue peptide of claim 1 : 

monoclonal antibodies thereof capable of specifically binding the anti

neoplasm antibody; fragments thereof selected from the group consisting 

of CDRs. Fab. Fab'. (Feb'l 2 , variable regions. and fragments thereof: 

analogues thereof selected from the group consisting of antibodies, Feb. 

Feb'. (Fab'l 2 • end variable regions wherein about 1 to et least 46 amino 

acids in the FR are substituted per chain with amino acids selected from 

the group consisting of amino acids present in eQuivalent positions in 

antibodies of species other than the first species. or fragments thereof 

comprising 1 to 3 CDRs per chain and flanking regions thereof, each of 

about 1 to at least 10 amino acids. alone or with an N-terminal fragment 

of about 1 to et least 1 O amino acids; combinations thereof, and 

combinations thereof with an oligopeptide comprising the amino acid 

seQuence APDTRPAPG or fragments thereof comprising the TRP trimer 

hexamers thereof comprising the trimer, or tandem repeats thereof, 

wherein each analogue peptide is operatively linked to at least one other 

analogue peptide; and mixtures thereof. 

62. A hybrid anti-idiotype polymer. comprising the anti-idiotype 

polypeptide of claim 61 ; and an effector agent operatively linked to the 

anti-analogue idiotype polypeptide. 

63. An anti-carcinoma vaccine, comprising the anti-idiotype 

polypeptide of claim 61; and a pharmaceutically-acceptable carrier. 
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64. The anu-carcinoma vaccine of clain, 63. in unit do! , form. 

65. A anti-tumor vaccination kit. comprising the vaccim of claim 

63 and a diluent in separate sterile containers: and instructions for its use. 

66. A method of vaccinating against neoplasms comprising 

administering to a subject an effective amount of the composition of 

claim 63. 

67. The vaccination method of claim 66. w·herein the anti-idiotype 

polypeptide is administered in an amount of about 0. 1 to 5000.00 µg/kg 

body weight/dose. 

68. A method of lowering the serum concentration of a circulating 

antibody or polypeptide that binds to an antigen on the surface or in the 

cytoplasm of a carcinoma cell or. that is released by the cell, comprising 

administe~ng to a subject in need of the treatment a pharmaceutically-

. acceptable composition comprising an amount of the anti-idiotype 

polypeptide of claim 61 effective to bind the circulating antibody or 

polypeptide and accelerate its clearance. 

69. The method of claim 68, wherein the anti-ideotype peptide is 

administered in an amount of about 0.01 to 5.000.00 mg/kg body 

weight/dose. 

70. A method of inhibiting the growth or reducing the size of a 

primary or metastasized carcinoma tumor in. a subject. comprising 

administering to the subject an effective amount of a pharmaceutically

acceptable composition comprising an anti-carcinoma hybrid polymer 

comprising an effector agent selected from the group consist of 

radioisotopes and therapeutic drugs, and an anti-carcinoma polypeptide 

which specifically binds to an antigen on the surface or in the cytoplasm 

of .a carcinoma cell or that is released by the cell; allowing the hybrid 

polymer to reach the tumor and the anti-carcinoma polypeptide to bind 

thereto; and administering to the subject a pharmaceutically-acceptable 

composition comprising an amount of the· anti-idiotype polypeptide of 

claim 61 effective to bind any residual or unbound circulating anti

carcinoma hybrid polypeptide end accelerate the clearance of the hybrid 

polymer. 
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IL-2 RECEPI'OR-SPECIFIC CHIMERIC ANTIBODIES 

Field.of the Invention 
The present invention relates generally to the 

combination of recombinant DNA and monoclonal antibody 
technologies for developing novel therapeutic and other 
agents and, more particularly, to the production of chimeric 
antibodies _specific for the human interleukin-2 receptor and 
the use of such chimeric antibodies in treating T-cell 

mediated human disorders.. 

Background of the Invention 

In mammals, the immune response is mediated by two 
types of cells that interact specifically with foreign 
material, i.e., antigens. one of these cell types, B-cells, 

are responsible for the production of antibodies. The second 

cell class, T-cells, include a wide variety of cellular 
subsets controlling the in vivo function of both B-cells and 
a wide variety of other hematopoietic cells, inciuding T
cells~ 

One way in which T-cells exert this control is 

through the production of a lymphokine known as interleukin-2 

(IL-2), originally named T-cell growth factor. IL-2's prime 
function appears to be the stimulation and maintenance of T-

25 cells. Indeed, some immunologists believe that IL-2 may be 
at the center of the entire immune response {see, Farrar, J., 

et al., Immunol. Rev. 63:129-166 (1982), which is 
incorporated her.ein- by., re,:f.erence ), •. 

To exert its biological effects, IL-2 interacts 

30 with a specific high-affinity membrane receptor (Greene, w., 
et al., Progress in Hematology XIV, E. Brown, ed., Grune and 

Statton, New ~ork (1986), at pgs. 283 ff). The human IL-2 
receptor is a complex glycoprotein, with one chain 55k0 in 
size (Leonard, w. et al., J. Biol. Chem. 260:1872 (1985)). A 

35 gene encoding this protein has been isolated, and predicts a 
272 amino acid peptide, including a 21 amino acid signal 
peptide, {see, Leonard, w. et a·l., Nature 311: 626 (1984)) . 
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Much of the elucidation of the human IL-2 
receptor's structure and function is due to the development 
of specifically·reactive monoclonal antibodies. In 

particular, one monoclonal_ antibody, known as anti-Tac, 

(Uchiyama e~ al., J. Immunol. ~:1393 (1981)) has shown that 
5 IL-2 receptors can be detected on T-cells, but also on cells 

of the monocyte-macrophage family, Kupffer cells of the 
liver, Langerhans• cells of the skin and, of course, 
activated T-cells. Importantly, resting T-cells, B-ceils or 

circulating machrophage~ typically do not disp+~Y the IL-2 
f ,' _, ' 

10 receptor (Herrmann, et al., J. Exp. Med. 162: 1111. (198.5)). 
The anti-Tac monoclonal antibody has also been used 

to.define lymphocyte functions that require IL-2 interaction, 
and has been shown to inhibit various T-cell functions, 
including the generation of cytotoxic and suppressor T 

15 lymphocytes in cell culture. Also, based on studies with 

anti-Ta~, a variety of disorders are now associated with 
improper IL-2 receptor expression by T-cells, in particular 
adult T-cell leukemia. 

More recently, the IL-2 receptor has been shown to 
20 be an ideal target for novel therapeutic approaches to T-cell 

mediated diseases. The anti-Tac monoclonal antibody can be 
used either alone or as. an immunoconjugate (e.g., with Ricin 

A, isotopes and the like) to effectively remove cells bearing 

the IL-2 receptor. These agents can, for example, 

25 · theoretically eliminate IL-2 receptor-expressing leukemic 
cells, certain B-cells·, or activated T-cells involved in a 
disea~e state, yet allow the,retention. of mature.nol'l,lnal T
cells and their precursors to ensure the capability of 

mounting a normal T-cell immune response as needed. In 

30 general, other T-cell specific agents can destroy essentially 
all peripheral T-ce11s, which limits therapeutic efficacy. 
overall, the use of monoclonal antibodies specific for the 
IL-2 receptor can be expected to have therapeutic utility in 
autoimmune diseases, organ transplantation and any unwanted 

35 response by activated T-cells. Indeed, clinical trials have 

been in·itiated (~, generally, Wal:dman, T., Science ~:727-
732 (19·86), which is incorporated herein by reference)'. 
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Unfortunately, the use of the anti-Tac monoclonal 
antibody has certain drawbacks, particularly in repeated 
therapeutic regimens. As a mouse monoclonal, it does not fix 
human complement well, whereas a human equivalent may be more 

efficient. 
More importantly, however, anti-Tac monoclonal 

antibody contains substantial murine amino acid sequences 

that will be antigenic when injected into a human patient. 
Numerous studies have shown that the immune response elicited 

by a patient against the nonbinding portion of an injected 
10 mouse monoclonal antibody can be quite strong, essentially 

eliminating the antibody's therapeutic utility after an 

initial treatment. As increasing numbers of different mouse 

monoclonal antibodies can be expected to be developed to 

treat various diseases, after the first and second treatments 
15 with different mouse monoclonal antibodies, subsequent 

treatments can be dangerous in themselves. 

20 

25 

30 

35 

Thus, there is a need for improved forms of the 
anti-Tac monoclonal antibody that are substantially less 
antigenic, yet easily and economically produced in a manner 
suitable for therapeutic formulation. The present invention 
fulfills these needs. 

Summary of the Invention 

The present invention provides novel compositions 
useful in the trea~ment of T-cell mediated human disorders, 

the compositions containing a chimeric antibody specifically 

capable of binding to human IL-2 rece~tors, such as at the 
epitope bound by the anti-Tac monoclonal antibody. The IL-2 
chimeric antibody can have two pairs of light chain/heavy 
chain complexes, wherein at least one pair has chains 

comprising mouse variable regions joined with human constant 
region segments, with or without naturally-associated J and o 
segments. 

The chimeric antibodies, or binding fragments 
thereof, of the present invention may be produced by a 
va.riety of recombinant DNA techniques, with ultimate 

expression in transfected cells, preferably immortalized 
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eukaryotic ce11s,- such as mye1oma or hybridoma cells. 
Po1ynuc1eoti~es comprising a first sequence coding for a 
human immunog1obu1in constant region and a second sequence 
codin<;J for the desired mouse immunoglobulin variable or 
hypervariab1e region can be produce~ synthetically or by 

5 · combining appropriate cDNA and genomic DNA segments. 

When the chimeric antibodies are complexed with a 

cytotoxic agent, such as a radionuclide, a ribosomal 

inhibiting protein or a cytotoxic agent active at ce11 
surfaces, the compounds wi11 be particularly useful in 

10 treating T-ce11 mediated disorders. These compounds can be 

provided in.a pharmaceutica11y accepted dosage form, which 
wi11 vary depending on the mode of administration. 

15 
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BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 depicts the DNA coding sequence and 
putative amino acid sequence of the V and J regions of the 

anti-Tac light chain. 
Figure 2 depicts the DNA coding sequence and 

5 putative amino acid sequence of the V and J regions of the 

anti-Tac heavy chain. 
Figures 3-10 are schematic diagrams of the plasmids 

utilized to demonstrate the present invention. 
Figure 11 represents an overview of a preferred 

10· strategy for preparation of V an-d·J regions for insertion 

into plasmids. 

15 
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DETAILED DESCRIPTION OF THE INVENTION 
In accordance with the present invention, DNA 

sequences encoding mouse variable/human constant region 
chimeric antibodies capabl~ of binding epitopes on human IL-2 
receptors are provided. When placed in expression vectors 

5 and suitable hosts, large quantities of chimeric antibodies 

can be produced. Preferably, the chimeric antibodies will 

have substantially the same binding profile or 
characteristics as (e.g., be cross-reactive or capable of 

blocking) the binding of the anti-Tac monoclonal. antibody, 
. . 

10 such as antibodies produced by the myeloma cell line 

15 

deposited with the A.T.c.c. and designated accession number 

CRL 9688. These chimeric antibodies find use, for example, 

in the treatment.of T-cell mediated disorders in human 

patients. 
The basic immunoglobin structural unit is known to 

comprise a.tetramer. Each tetramer is composed of two 
identical pairs of poiypeptide chains, each pair having one 

"light" (about 25kD) and one "heavy" chain (about S0-70kD). 

The NH
2
-terminus of each chain begins a variable region of 

20 about 100 to 110 or more amino acids primarily responsible 
for antigen recognition. The COOH terminus of each chain 

defines a constant region primarily responsible for effector 
function. 

Light chains are classified as either kappa or 
25 l.ambda. Heavy chains are classified (and subclassified) as 

gamma, mu, alpha, delta, or epsilon, and define the 

immunoglobu~in.'s i 9otype~ as Ig.Q, IgM, IgA, IgD and IgE-, 
respectively. Within light and heavy chains, the variable 

30 

35 

and constant regions are joined by a "J" region of about 12 
or more amino acids, with the heavy chain also including a 
11 0 11 region of about 12 more amino acids. {See, generally, 
Fundamental Immunology, Ed. Paul, .w. Chapter 7, pgs. 131-166, 
Raven Press, N.Y.· (1984), which is incorporated.herein by 

reference.) 
Chimeric antibodies are antibodies whose light and 

heavy chain genes have been constructed, typically by genetic 
engineering, from immunoglobulin gene segments belonging to 
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different species. For example, the variable (V) segments of 

the genes for a mouse monoclonal antibody·may be joined to 
human constant (C) segments, such as ,..,

1
, and ,..,3 • A preferred 

therapeutic chimeric antibody is thus a hybrid protein 
consisting of the V or antigen-binding domain from a mouse 

5 antibody and the c or effector domain from a human antibody, 

although other mammalian species may be used. 
Human. chimeric antibodies have at least three 

potential advantages over mouse antibodies for use in human 

therapy: 
:to 1) B'ecause the effector por1:fotY is human, it may 

interact better with the other parts of the human 
immune system (e.g., destroy the target cells more 
efficiently by complement-dependent cytotoxicity 

(CDC) or antibody-dependent cellular cytotoxicity 
15 (ADCC)). 

20 

25 

30 

35 

2) The human immune system should not recognize the c 
region of the chimeric antibody as foreign, and 
therefore the antibody response against an injected 

3) 

chimeric antibody should be less than against a 
totally foreign mouse antibody. 
Injected mouse antibodies have been reported to 
have a half-life in the human circulation much 
shorter than the half-life of normal antibodies 

(Shaw, D. et al., J. Immunol . .ld!l:4534-4538 

(1987)). It is possible that injected chimeric 
antibodies will have a half-life more like that of 

human antibodies, allowing smaller and less 

frequent doses to be given. 

In one aspect, the present invention is directed to 
recombinant DNA segments encoding the heavy and/or light 
chain variable or hypervariable regions from the anti-Tac 
monoclonal antibody. The DNA segments encoding these regions 
wil:t typically be joined to DNA segments encoding appropriate 

constant regions, such as human gamma heavy chain regions or 

human kappa light chain regions. The preferred variable 
region DNA sequences, which on express·ion code for the 
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polypeptide chains comprising the anti-Tac light and heavy 
chain variable regions (witn naturally-associated J regions), 

. are shown in Figures i and 2, respectively. Due to codon 
degeneracy and non-critical amino-acid substitutions, other 
DNA sequences can be readily substituted for those sequences, 

5 as detailed below. 
The DNA segments.will typical.ly further include an 

expression cont~ol. DNA sequence operabl.y linked to the 
chimeric antibody coding sequences, including naturally

associated or heterologous promoter regions. Preferably, the 

10 expression controi sequences will be eukaryotic promoter 
systems in vec~ors·cap~le of transforming or transfecting 
eukaryotic_ ·host cells. Once the vector has been incorporated 

into the appropriate host, the host is maintained under 
conditions suitable for.high level expression of the 

15 nucleotide sequences, and, as desired, the collection and 

purification of the light chains, heavy chains, light/heavy 

chain dimers or intact chimeric antibodies may follow. 
It is well -known that native forms of "mature" 

1mmunoglobulins will.vary: somewhat in terms of length by 
20 deletions, substitutions; insertions or additions of one or 

more amino acids in the sequences. Thus, both the variable 

and constant regions are subject to substantial natural 
modification, yet are "substantially identical" and still 

25 

30 

35 

capable of retaining their respective activities. Human 

constant region DNA sequences can be isolated in accordance 

with well known procedures from a variety of human cells, but 

preferably immortalized B-~e+l.f~t· Suitable source cells for 
the DNA sequences and host cells for expression and secretion 
can be obtained from a number of sources, such as the 

American Type culture Collection ("Catalogue of Cell Lines 

and Hybridomas,." Fifth edition (1985) Rockville, Maryland, 
U. s. A. _, which is . :incorporated herein by reference) • 

-·In addition to these naturally-occurring forms of 
immunoglobulin chains, i•substantially identical" modified 
heavy and light chains can be readily designed and 

~anufactured utilizing various recombinant DNA techniques 
well known to those skilled in the art. For example, the 
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chains can vary from the naturally-occurring sequence at the 
primary structure level by several amino acid substitutions, 
terminal and intermediate additions and deletions, and the 
like. Alternatively, polypeptide fragments comprising only a 

portion (usually at least about 60-80%, typically 90-95%) of 
5 the primary structure may be produced, which fragments 

possess one or more immunoglobulin activities (e.g., 
complement fixation activity), while exhibiting lower 

immunogenicity. In particular, it is noted that like many 
genes, the immunoglobulin-related genes contain separate 

10· functional regions, each having one or more distinct 

biological activities. These may be fused to functional 
regions from other genes(~, enzymes,~, commonly 
assigned u.s.S.N. 132,387, filed Dec. 15, 1987, which is 
incorporated herein by reference) to produce fusion proteins 

15 (e.g., immunotoxins) having novel properties. In general, 
modifications of the genes may be readi°ly accomplished by a 
variety of well-known techniques, such as site-directed 

mutagenesis (see, Gillman and Smith, Gene 8:81-97 (1979); 
Roberts, S. et al, Nature 328:731-734 (1987); and U.S. Patent 

20 no. 4,703,008, all of which are incorporated herein by 

reference). Preferred DNA segments encoding variable regions 
of the present invention will typically be substantially 

homologous to the sequences of Figures 1 and 2 (i.e., capable 

25 

30 

35 

of hybridizing to the sequences under stringent conditions of 
low salt and high temperature), most preferrably at least 
about 90-95% homologous or more. 

The nucleic acid sequences of the present invention 
capable of ultimately expressing the desired chimeric 

antibodies can be formed from a variety of different 

polynucleotides (genomic or cDNA, RNA, etc.) and components 
(e.g., V, J, D, and c regions), as wel·l as by a variety of 
different techniques. Joining appropriate genomic sequences 

is presently the most common method of production, but cDNA 
sequences may also be utilized (see, European Patent 
Application Nos. 85102655.8, 85305604.2, 84302368.0 and 

85115311. 4, as well as.- PCT Application Nos. GBSS/00392 and 
US86/02269, all of which are incorporated herein by 
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referenc~) • 
As stated previously, the DNA sequences of the 

present invention (typcially at least about 30 contiguous 

nucleotides encoding 10 amino acids from the sequences in 
Figures 1 and 2) wi11 be expressed in hosts after the 

5 se~ences have been operably linked to (i.e., positioned to 

ensure the functioning_of) an expression control sequence. 

These expression vectors are typical1y rep1icable in the host 

organisms.either as episomes or as an integral part of the 
host chromosomal DNA. commonly, expression vectors will 

10 contain selection markers, e.g., tetracycline or neomycin, to 

permit detection of those ce11s transformed with the desired 

DNA sequences (see, e.g., U.S. Patent 4,704,362, which is 

incorporated herein by reference). 

15 

20 

25 

E.coli is one prokaryotic host useful particularly 

for cloning the DNA sequences of the present invention. 

Other microbial hosts suitable for use_inc1ude baci11i, such 

as Bacillus subtilus, and _other enterobacteriaceae, su?h as 
Salmonella, Serratia, and various Pseudomonas species. In 

these prokaryotic hosts, one can also make expression 
vectors, which will typica1ly contain expression control 

sequences·compatible with the host cell (e.g., an origin of 

replication}. .. In addition, any number of a variety of we11-

known promoters will be present, such as the lactose promoter 

system, a tryptophan·(trp) promoter ~ystem, a beta-1actamase 
promoter system, or a promoter system from phage lambda. The 

promoters will typica11y control expression, optionally with 
an. operator sequence, and have ribosome binding s~te 

sequences and the like, for initiating and completing 
transcription and translation. 

30 Other microbes·, such as yeast may also· be used for 

35 

expression. Saccharomyces is a preferred host, with suitable 

vectors having expression contro1 sequences, such as 

promoters., inc1uding 3-phosphog1ycerate kinase or other 

glycolyt~c enzymes, and an origin of replication, termination 
sequences and the like as desired. 

·. In addition to microorganisms, mammalian tissue 

cell culture may also be used to produce the poiypeptides of 
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the present invention(~, Winnacker, "From Genes to 

Clones," VCH Publishers, N.Y., N.Y. (1987), which is 
incorporated herein by reference). Eukaryotic cells are 

actually preferred, because a number of suitable host cell 

lines capable of secreting intact immunoglobulins have been 

5 developed in the art, and include the CHO cell lines, various 

cos cell lines, HeLa cells, myeloma cell lines, etc, but 

preferably transformed B-cells or hybridomas. Expression 

vectors for these cells can include expression control 
sequences, such as an origin of replication, a promoter, an 

10 enhancer (Queen, c. et aT., Immunol. Rev. 89:49-68 (1986), 

which is incorporated herein by reference), and necessary 

processing information sites, such as ribosome binding sites, 

RNA splice sites, polyadenylation sites, and transcriptional 

terminator sequence~. Preferred expression control sequences 

15 are promoters derived from immunoglobulin genes, SV40, 

Adenovirus, Bovine Papilloma Virus, and the like. 

The . vectors containing the DNA segments of ,· interest 

(~, the heavy and light chain encoding sequences and 
expression control sequences) can be transferred into the 

20 host cell by well-known methods, which vary depending on the 

type of cellular host. For example, calcium chloride 

transfection is commonly utilized for prokaryotic cells, 

whereas calcium phosphate treatment may be used for other 

25 

30 

35 

cellular hosts. (~, generally, Maniatis et al., Molecular 

Cloning: A Laboratory Manual, Cold Spring Harbor Press, 

(1982), which is incorporated herein by reference.) 

Once expressed, the whole chimer~c antibodies, 

their dimers, or individual light and heavy chains of the 
present invention can be purified according to standard 

procedures of the art, including ammonium sulfate 

precipitation, fraction column chromatography, gel 

electrophoresis and the like. (See, generally, Scopes, R., 

Protein Purification, Springer-Verlag, N.Y. (1982).) Once 

purified, partially or to homogeneity as desired, the 

polypeptides may then be used therapeutically or in 

developing and performing assay procedures, immunofluorescent 
stainings, and the like. (See, generally, Immunological 
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Methods, Vols. I and II, Eds. Lefkovits and Pernis, Academic 

Press, _New York, N. Y. ( 1979 and 1981) • ) 

The chimeric antibodies of the present invention 
will typically find use individually in treating a T-ce11 
mediat~d diseas·e state~ General.1.y, where the cell · linked to 

5 a disease has been identified as IL-2 receptor bearing, then 
the chimeric antibodies are suitable(~, u.s.s.N. 7-

085,707, entitled "Treating Human Malignancies and 

Disorders," which is incorporated herein by reference). 
·For example,- typical. disease states suitable for 

10 tr~atment graft versus host disease and most patients 

·undergoing ~n organ _transplant, sue~ as heart, 1.ungs, 
. kidne~s, iiver, etc. Other diseases include Type I diabetes, 
multipl.e_sclerosis, rhe:umatoid arthritis, Lupus 
erythematosus, and Myasthenia Gravis.· 

15 The antibodies of the present invention may also be 
used in combination with other antibodies, particularly human 

chimeric antibodies or human monoclonal antibodies reactive 
with other markers on eel.is respon$ibl.e for the disease. For 
example, suitabl.e T-cell markers can include those grouped 

20 into the·so-ca1:1ed "Clusters of Differentiation," as named by 
the First __ ·International Leukocyte Differentiation Workshop, 

Leukocyte Typing, Eds. Bernard, et al.., Springer-Verlag, N.Y. 
(19.84), which is incorporated herein by reference. 

The chimeric antibodies can also be used as 

25 separately administered compositions given·in conjunction 
with c~emotherapeutic or imm.unosuppressive agents. 

Typic~i~Y,. the agents wtl~ include.a cephalosporin.or a 
purine anaiog ·(e.g., methotrexate, 6-mercaptopurine, or the 

. . 

l.ike), but numerous additipnal agents·(e.g., 

30 cyclophosphamide, sulfa drugs, etc.) well-known to those 
skilled in ·the art may also be.utilized. 

35 

A-p~eferred pharmaceutical c~mposition of the 
present inv~ntion comprises the use of the subject chimeric 
antibodi~s in imm.unotoxins. Immunotoxins are characterized 

by two components and are particularly useful. for kill.ing 

sel.ected ce1ls in vi t~? or in. vivo. One component is a 
cytotoxic agent which is.usually fatal to a cell when 
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attached or absorbed. The second component, known as the 
"delivery vehicle," provides a means for delivering the toxic 
agent to a particular cell type, such as cells comprising a 
carcinoma. The two components are commonly chemically bonded 
together by any of a variety of well-known chemical 

5 procedures. For example, when the cytotoxic agent is a 
protein and the second component is an intact immunoglobulin, 

such as a chimeric antibody,.the linkage may be by way of 

heterobifunctional cross-linkers, e.g., SPDP, carbodiimide, 
glutaraldehyde, or the like. Production of various 

10 immunotoxins is well-known with the art, and can be f.ound, 
for example in "Monoclonal Antibody-Toxin Conjugates: Aiming 
the Magic Bullet," Thorpe et al, Monoclonal Antibodies in 

Clinical Medicine, Academic Press, pp. 168-190 (1982), which 
is incorporated herein by reference. 

15 A variety of cytotoxic agents are suitable for use 

in immunotoxins. Cytotoxic agents can include 
radionuclides, such as Iodine-131, Yttrium-90, Rhenium-188, 
and Bismuth-212; a number of chemotherapeutic drugs, such as 
vindesine, methotrexate, adriamycin, and cisplatinum; and 

20 cytotoxic proteins such as ribosomal inhibiting proteins, 
pokeweed antiviral protein, abrin and ricin (or their A

chains, diphtheria toxin A-chains, Pseudomonas exotoxin A, 
etc.) or an agent active at the cell surface, such as the 
phospholipase enzymes (e.g., phospholipase C). (See 

25 generally, "Chimeric Toxins," Olsnes and Phil, Pharmac. 

Ther., 25:355-381 (1982), and "Monoclonal Antibodies for 

Cancer Detection and Therapy," eds. Baldwin and Byers, pp. 

l:59-179, 224-266, A"ca:dem·ic Pres·s ( 1985) , both of which are 
incorporated herein by reference.) 

30 The delivery component of the immunotoxin will 

35 

include the chimeric antibodies of the present invention. 
Intact chimeric immunoglobulins or their binding fragments, 

such as Fab, F(ab
2
), etc., are preferably used. Typically, 

the chimeric antibodies in the immunotoxins will be of the 
human IgM or IgG isotype, but other mammalian constant 

regions may be utilized as desired. 
The chimeric antibodies and pharmaceutical 
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compositions thereof of this invention are particularly 
useful for parenteral administration, i.e., subcutaneously, 
intramuscularly or intravenously. The compositions for 
parenteral administration wi11 commonly comprise a solution 
of the antibody or a cocktail thereof dissolved in an accept-

s able carrier, preferably an aqueous carrier. A variety of 
aqueous carriers can ·be used, e.g., water, buffered water, 

0.4% saline, 0.3% glycirie and the like. These solutions are 
sterile and generally free of particulate matter. These 
comp.ositions may be sterilized by conventional, wel.l. known 

10 sterilization techniques. ~e compositio~s may contain 

pharmaceuticall.y acceptable auxil.iary substances as required 

to approximate physiol.ogical conditions such as pH adjusting 
and buffering agents, toxic~ty adjusting agents and the like,· 
for example sodium acetate, sodium chloride, potassium 

1S chloride,. calcium chloride,· sodium lactate, etc. The 
concentration of antibody in these formulations can vary 
widely; i.e., from less than about 0.5%, usually at or at 

least about 1% to as much as 15 or 20% by weight and will be 
selected primarily based on fluid volumes, viscosities, etc., 

20 in accordance with the particular mode of administration 
selected • 

. Thus, a typical pharmaceutical. composition for 
intramuscular injection could be made up to contain 1 ml 

steril.e buffered water, and 50 mg of antibody. A typical 
25 composition for intravenous infusion could be made up to 

conta·in 250 ml of steril.e Ringer's solution, and 150 mg of 

antibody. Actual. methods for preparing parenteral.ly 

administrable compositions will be known or apparent to those 

30 

35 

skilled in the.art and are described in more detail in, for 
example, Remington's Pharmaceutical Science, 15th Ed., Mack 

PubJ_ishing Company, Easton, Pennsylvania (1980), which ~s 

inco~orated ~~rein by reference. 

The antibodies of this•invention can be lyophi1ized 
for storage and reconstituted in a suitable carrier prior to 

use. ·This technique has been shown to be effective with 
conventional immune globulins and art-known lyophilization 
and reconstitution techniques can be employed. It will. be 
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appreciated by those skilled in the art that lyophilization 

and reconstitution can lead to varying degrees of antibo~y 
activity loss (e.g., with conventional immune globulins, IgM 
antibodies tend to have greater activity loss than IgG 

antibodies) and that use levels may have to be adjusted to 
5 compensate. 

The compositions containing the present human 
chimeric antibodies or a cocktail thereof can be administered 

for the prophylactic and/or therapeutic treatments. In 
therapeutic application, compositions are administered to a 

10. patient al.ready,· in an amount. sufficient to cure or at least 

partially arrest the infection and its complications. An 
amount adequate to accomplish this is defined as a 

"therapeutically effective dose." Amounts effective for this 
use will depend upon the severity of the infection and the 

15 general state of the patient's own immune system, but 
generally range from about 1 to about 200 mg of antibody per 
dose, with dosages of from 5 to 25 mg per patient being more 
commonly used. It must be kept in mind that the materials of 

this invention may generally be employed in serious disease 
20 states, that is life-threatening or potentially life

threatening situations. In such cases, in view of the 

minimization of extraneous substances and the lower 
probability of "foreign substance" rejections which are 

achieved by the present human chimeric antibodies of this in-
25 

30 

35 

. 
vention, it is possible and may be felt desirable by the 

treating physician to administer substantial excesses of 
these antibodies. 

fn prophylactic applications, compositions 

containing the present antibodies or a cocktail thereof are 
administered to a patient not already in a disease state to 

enhance the patient's resistance. Such an amount is defined 

to be a "prophylactically effective dose." In this use, the 
precise amounts again depend upon the patient's state of 

health and general level of immunity, but generally range 
from 0.1 to 25 mg per dose, especially 0.5 to 2.5 mg per 
patient. 
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Single or multiple administrations of the 

compositions can be carried out with dose levels and pattern 
being selected by the treating physician. In any event, the 
pharmaceutical formulations should provide a quantity of the 
antibody(ies) of this invention sufficient to effectively 

5 treat the patient. 

Chimeric antibodies of the present invention can 
further find a. _wide variety of utilities in vitro. By way of 
example, the chimeriq antibodies can be utilized for T-cell 
typing, _for isolating specific IL-2 receptor b~aring cells or 

10 fragments of the receptor, for vaccine preparation, or the 

like. 
For diagnostic ~urposes, the'.chimeric antibodies 

may either be lab$led or unlabeled. Unlabeled antibodies can 
be used in combination with other labeled antibodies (second 

15 antibodies) that are reactive with the chimeric antibody, 

such as antibodies specific for human immunoglobulin constant 
regions. Alternatively, .the chimeric antibodies can be 
directly labeled. A wide variety of. 1abe1s may be employed, 
su~h as radionuclides, fluorescers, enzymes, enzyme 

20· substrates,_. enzyme cofactors,_ enzyme inhibitors, ligands 

(particularly haptens), etc. Numerous types of immunoassays 
are available and are well known to those skilled in the art. 

25 

Kits can also be supplied for use with the subject 

antibodies in the protection against or ~etection of a 

cellular activity ~r for the presence of a selected antigen. 
Thus, the subject antibody composition of the present 

invention may be provided, usually in~a lyophiiized form in a 

container, eithe~ alone or in conjunc~ion with additional 
antibodies _specific for the desired cell type. The 

30 antibodies, _which may_be conj~gated to a label or toxin, or 

unconjugated, are included in the kits with buffers, such as 
Tris, phosphate, 9arbonate, etc., stabil.izers, biocides, 

inert ~roteins, e.g., serum-albumin, or the like, and a set 

35 
of instructions for use. Generally, these materials will be 
present in iess than about 5% wt. based on the amount of 
active antibody, and usually present in total amount of at 
le~st about 0.001% wt. based again on the antibody 
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concentration. Frequently, it will be desirable to include 
an inert extender or excipient to dilute the active 

ingredients, where the excipient may be present in from about 
1 to 99% wt. of the total composition. Where a second 
antibody capable of binding to the chimeric antibody is 

5 employed in an assay, this will usually be present in a 
separate vial. The second antibody is typically conjugated 

to a label and formulated in an analogous manner with the 
antibody formulations described above. 

The following examples are offered by way of 

10' illustration, not by limitation. 

15 

20 

25 

30 

35 
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EXPERIMENTAL 

Construction of Plasmids 
1. construction began with the plasmid pKcatH described in 

the literature·(Garcia, J.V. et·a1., Nature 332:383-385 
(1986); Fig. 3). This plasmid has the following parts; 

c1ockwise: 
a. A 700 bp fragment containing the mouse 

immunog1obu1in heavy chain e~hancer (EH in the Fig. 
3) • 

b. 

c. 

An 110Q base pair (bp) fragment from the mouse 
immunoglobuiin light chain kappa gene MOPC 41, 
containing its promoter. There is a Bgl II site 25 
bp after the transcription startsite of this 

promoter. 
The.bacterial CAT gene (800 bp). 

d. A splice and po1yadeny1ation signal from the animal 
virus SV40 (850 bp). 

e. Another part of SV40 containing its origin of 
rep1ication (700 bp); 

f. Part of the plasmid pBR322, extending from the Sph 

I site to the Eco R1 site of the piasmid pML1 
(Lusky, Mand Bo~chan, M. Nature 293:79-81; 2300 

. bp) inc1uding the Amp gene and origin of 

replication. 

2. pKcatH was cut with Bgl II, and the ends filled in with 
K1enow poly,meras_e·. · An Xba I linker,. having the sequence 

GCTCTAGAGC, was inserted at the filled-in Bg1 II site. 

The resulting plasmid is called pKcatH -·Xba. 

3. pKcatH - Xba was·cut partial.ly with Xho II, run on an 
agarose gel, and full-length linear plasmid (i.e., 
plasmid cut exactly once with Xho II) was isolated. The 
DNA was cut with Bam HI, run on a gel and the 5600 bp 

fragment isol~ted. 
had to extend from 
the end of the CAT 

Because of its s~ze, this fragment 
the Bam site to the Xho II site at 
gene (Fig. 3). The fragment was 
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ligated by itself. The resulting plasmid is called 
pKcatH - Xba - BX. It is similar to pKcatH but has an 
Xba I site in place of the Bgl II site and is missing 
the Xho II - Bam HI SV40 fragment (Fig. 4). 

pKcatH - Xba - BX was cut partially with Eco RI, run on 

an agarose gel, and full-length linear plasmid was 

isolated. This DNA was cut with Bam HI, and the 2600 bp 

fragment isolated. This fragment extended from the Eco 
R1 site before EH to the Bam HI site. The plasmid 
pSV2gpt, described in the literature (Mulligan, R.C. and 

Berg, P., Proc. Nat. Acad. Sci. USA 78:2072-2976 
(1980)), was cut with Eco R1 and Bam HI and the large 
Eco RI - Bam HI fragment ligated to the Eco RI - Bam HI 
fragment from pKcatH - Xba - BX. The resulting plasmid 

is called pSV2gpt - EH - K., (Fig. 5). 

The plasmid pSV2neo (Southern, P.J. and Berg, P. J. Mol. 

App. Genet. 1:327-341 (1982)), was cut with Eco RI and 
Bam HI, and the large Eco RI - Bam HI fragment ligated 

to the same Eco RI - Bam HI fragment from pKcatH - Xba -

BX used in (4). The resulting plasmid is called pSV2neo 
- EH - K. 1 which is like pSV2gpt - EH 

Neogene in place of the Gpt gene. 
K., but has the 

pSV2gpt - E
8 

- K. was cut with Xba I and Bam HI and the 

ends filled in with Klenow polymerase. A fragment of 
the cloned human K. constant segment gene (Hieter, P.A. 

et al., Cell 22:197-207 (1980)) was purified, extending 

from a Hind III site 336 bp before the coding region, to 
an Xba I site about 800 bp beyond the coding region, and 
the ends filled in. The two fragments were ligated 
together, and a plasmid selected in which the Hind III 

site of the second'fragment was joined to the Xba I site 
and the Xba I site of the second fragment to the Barn HI 
site. Because of the sequences of these sites, this 
recreated an Xba I site and a Bam HI site. The new 
plasmid is called pVK1 (Fig. 6). 
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7. An Xba I fragment containing the VJ region of the cloned 

anti-Tac light chain gene was prepared by in vitro 
mutagenesis (~, below). pV~1 was cut with Xba I, 
treated ~ith phosphatase, and ligated with the Xba I 
fragment. A plasmid was selected in which the VJ region 
had the same orientation as the following C region, and 

called pLTAC2 (Fig. 7). 

8. 

9. 

pSV2neo - E
8 

- ~ was cut with Xba I and Bam HI and the 
ends filled in with Klenow polymerase. A 2800 bp 

fragment containing the human c,1 gene was purified from 
the phage HG3A {Ellison, J.W. et al., Nucleic Acids Res. 
10:4071-4079 (1982)), extending from a Hind III site 210 
bp before the CH1 exon to a Pvu II site about 1100 bp 

after the ca3 exon, and the ends filled in. The two 
fragments were ligated together, and a plasmid selected 
in which the Hind III site of the second fragment was 
joined to the Xba I site and the Pvu II site of the 
second fragment to the Bam HI site. Because of the 

se~e~ces of these sites, this recreated an Xba I site 
and a Bam HI site •. The new plasmid is called pV;1neo 
(Fig. 8). 

pSV~neo - EH - 1t was cut with Xba I and Bam HI and the 
-ends filled in with Klenow polymerase. A 3600 bp 

fragment containing the human C;3 gene (Takahashi, N. et 

al., Cell 22,:671-679 (1982)) was purified extending from 
a Hind III site 210 bp before the CH1 e~on· to a Pvu II 
site about .1100 bp after the CH3 exon, and the ends 
filled in. The ·two fragments were ligated together, and 

·a plasmid selected in which the Hind III site of the 

second fragment was joined to the Xba I site and the Pvu 

~I site of the second fragment to the Bam HI site. 
Because· of the sequences of these sites, this recreated 

an Xba I site and a Bam HI site. The new plasmid is 
called pV,~neo and is identical to pV;lneo except it has 
the C;3 gene instead of c,1. 
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10. An Xba I fragment containing the VJ region of the cloned 
anti-Tac heavy china gene 
mutagenesis (~, below). 
treated with phosphatase, 

fragment. A plasmid was 

was prepared by in vitro 
pV,1neo was cut with Xba I, 

and ligated with the Xba I 

selected in which the VJ region 

had the same orientation as the following C region, and 

called pHTAC. 

11. Three additional plasmids were prepared respectively 
from pV,1neo, pV,Jneo and pHTAC, called respectively 

10 pV,1, pV,3 and pGTACl. In each case, the origina·l 

plasmid was cut with Hind III and Bam HI, and the large 
Hind III - Barn HI fragment purified. The plasmid 
pXBohph containing the Hyg gene (Blochlinger, K. and 

15 

20 
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12. 

Diggelmann, H. Mal. Cell. Biol. 4:2929-2931 (1984)) was 

cut with Hind III and Bam HI and a 1600 bp fragment 
containing the Hyg gene purified. The fragments from 
the original plasmids were each ligated to the pXbohph 
fragment. pV,1 is shown in Fig. 9 and pGTAC1 in Fig. 
10. 

pHTAC was cut with Xba I and the small Xba I fragment, 
containing the heavy VJ region, purified. pV,3 was cut 
with Xba I, treated with phosphatase, and ligated with 

the small Xba I fragment. A plasmid was selected in 

which the VJ region had the same orientation as the 
following C region, and called pGTAC3. It is similar to 
pGTAC1, but has the C,3 region instead of the c,1 
region. 
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Cloning .of Light and Heavy Cha~n cDNA. 
mRNA was extracted from approximately 10-8 ascites 

cells of' the anti-Tac hybridoma by the guanidium 
isbthiocyanate method followed with poly A selection on 
Hybond-mAP paper (Amersham). cDNA was prepared by the method 

5 of Gubler and Hoffman (Gubler, u. and Hoffman, B.J. Gene 
25:263~269 (1983)), treated with Eco R1 methylase, ligated_ to· 
Eco RI linkers, cloned into Agt10 arms (Promega Biotec), 

pack~ged (Strategene packaging extract) and plated on C600Hf1 
cel.l.s •. Ol.igonucl.eotides respectively 43-and 37 nucleotides 

10 l.ong that hybridized to the 5•· ends of the mouse c~ and ~,1 

.segments were synthesized (Applied Biosystems Model 380B DNA 

synthesizer). ·The oligonucleotides were 5 1 end-labelled and 
used·to screen the plaques (Maniatis, et al.., Molecular 

15 
Cloning: A Laboratory Manual, Cold Spring -Harbor Press, 
(1982), which is incorporated herein by reference). 

Approximately 10,000 plaques were screened with the 

oligonucleotide probes. About 100 plaques were positive for 
the, probe and 40 for the, probe. 

The cDNA inserts from 4 ~ positive and 4 ,2a 
20 positive phage were subcloned into the Eco R1 sites of pUC19 

25 
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and M13mp19. Partial sequencing by the dideoxy method 
(Sanger, F. et al., Proc.- Nat. Acad. Sci. USA 74:5463-5467· 
{1977)) showed that two of the~ isolates had one sequence, 

and the other two had another sequence. In one pair, a~ v 
·gene segment was joined to the JK2 segment out of its reading 

frame~ I_n addition, the conserved Cys at position 23 was 

absent ~n this V segment,. and the sequences of the two 

isolates differed slightly. Presumably, these clones were 
the result of an aberrant joining event in one·~ allele, 
which continued to undergo somatic mutation after the 
formation of the hybridoma • 

. The VJ segments of_ the other pair of~ clones were 

sequences completely and were identical (Fig. 1). This light 
chain uses the JKS· segment and contains all the amino acid 
residues conserved in mouse~ light chains (Kabat, E. A. et 
al., Sequences of Proteins of Immunological Interest, 
particularly pg. 45 et seq, all of which is incorporated 
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herein by reference). 
Partial sequencing of the four ;2a clones showed 

they were from the same gene. The VJ segments of two were 
sequenced completely and had no differences. This heavy 
chain (Fig. 2) uses the JH2 segment and is of subgroup II 

5 (Kabat,.E.A. et al., supra, at pgs. 121-127). The sequence 

is somewhat unusual because it contains no detectable D 

segment and has an N region containing 10 Gs. As both 
alleles of the~ light chain were accounted for and only one 

heavy chain sequence was detected, we tentatively assigned 
10 these sequences to the anti-Tac antibody genes. 

Preparation of the Chimeric Genes 
Plasmid vectors were prepared for the construction 

and expression of chimeric light and heavy chain genes as 
15 described above. The plasmid pV,:.l (Fig. 6) contains the 

human,:. genomic c segment, including 336 bp of the preceding 
intron and the poly A signal. It also contains a strong 
promoter sequence from the MOPC 41,:. gene, and the heavy 

chain enhancer sequence. There is a unique Xba I site 
20 between the promoter and the Cintron. The plasmid also 

contains the gpt gene for selection. Two other very similar 
plasmids were prepared by using the human ;1 and ;3 c regions 
in place of the,:. C region. In each case, the region 

inserted between the Xba I and Bam HI sites extended form 
25 

30 

35 

about 210 bps• of the CH1 exon to about 1100 bp 3' of the 

CHJ exon. In addition, the gpt gene was replaced with the 
hyg gene to confer resistance to hygromycin. 

Our strategy was to insert the VJ region from the 
anti-Tac x cDNA, followed by a splice donor signal, at the 
Xba I site of pv~1. Doing so would create a chimeric,:. gene, 
with a synthetic intron between the mouse VJ and human C,:. 

segments. For this purpose, we devised a form of primer

directed mutagenesis (Fig. 11). The,:. Eco R1 cDNA clone was 

moved into a variant of M13mpll, in which the Xba 1 and Eco 
R1 sites in the polylinker were abuting. An oligonucleotide 

was synthesized, of which the first 22 residue.s hybridized to 
the last 22 bp of the JKS segment. The next 16 nucleotides 
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were the same as.the.sequence that follows JKS in mouse 
genomic DNA,- and therefore included a splice donor signal. 
The final·nucleotides of the oligo consisted of an Xba I site 
followed by a short irrelevant sequence. 

This oligonucleotide was hybridized_to the M13 
5 phage DNA containing the~- cDNA and extended with Klenow 

polymerase· (Fig. 3). The DNA was denatured and hybridized to 

a "reverse primer," which represents·M13 DNA 5' to the cDNA 

insert. The reverse primer was extended, and the DNA cut 

with Xba I. The Xba r fragment consisting of the extended VJ 
10 segment of the cDNA was purified, and cloned in the 

correction orientation -into the Xba I site of pV~1 to obtain 
the plasmid pLTAC2 (Fig. 7). Hence, the final chimeric~ 
gene has a VJ-Cintron,_ of which the first 14 bp and last 209 
bp_ are respectively the same as in mouse and human genomic 

15 DNA, as verified by direct sequencing of the construct. The 
ge~e is transcribed from a ~_promoter, stimulated by the 

hea~ chain enhan~er~ Based on results obtained with deleted 
intrans, we expected that the intron would be correctly 
spliced from the transcribed RNA. 

20 rn an analogous manner, the VJ region from the 
anti-Tac ,2a heavy chain cDNA, followed by a·splice donor 
signal, was inserted into the Xba I site of pV,1neo. The 
resulting plasmid_pHTAC contains a chimeric heavy chain gene, 
with a synthetic intron between the mouse VJ and human c,_1 

25 segments. The additional plasmids pGTAC1 and pGTAC3, 

containing the Hyg gene and chimeric heavy genes with the 

human C;1 C;3 constant regions respec~ively, were constructed 
as described above {Fig~ 10). 

30 

35 
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Details of Insertion of VJ cDNA Regions Into Plasmids 
RF DNA of the phage Ml3mpll was cut with Eco R1 and 

Xba I, the ends were filled-in, and the DNA ligated was 

ligated and transformed into JM101 cells. A plaque was 
picked and the DNA was sequenced to verify that the ends of 

5 the DNA had joined correctly, recreating the Eco R1 and Xba I 

sites with the intervening DNA segment deleted. This phage 
is designated M13mp11D. Eco R1 fragments containing the 
anti-Tac light and heavy chain cDNAs were separately cloned 
into the Eco R1 site of M13mp11, so that their 5' ends abuted 

10- the Xba I site. The resulting· phage are respectively denoted 

M13mp11L and Ml3mp11H. 
The following 48-nucleotide long primer was 

synthesized and gel-purified: 
CCAGAATTCTAGAAAAGTGTACTTACGT~CAGCTCCAGCTTGGTCCC. From the 

15 3' end, the first 22. residues of the primer are the same as 

the last 22 bp of the JKS segment (non-coding strand). The 
next 16 nucleotides are the same as the sequence that follows 
JKS in mouse genomic DNA and therefore includes a splice 

donor signal (abbreviated SD in Fig. 11). The final 
20 nucleotides of the oligo consist of an Xba I site followed by 

a short irrelevant sequence. Approximately 1 ug of single
stranded M13mp11L DNA was mixed with 50 ng of primer in 35 ul 
of 10 mM Tris, pH 7.4, 60 mM NaCl, 10 mM MgC1

2 
and incubated 

for 15 min at 50'C and then 15 min at 23'C. 4 ul of a 
25 solution of 200 uM each dNTP was added, together with Su 

Klenow polymerase. The solution was incubated for 30 minutes 

at 37'C. 50 ng of the "reverse primer" AACAGCTATGACCATG (New 
England Biolabs), which can hybridize to the newly 

30 

35 

synthesized strand upstream of the Xba I site (Fig. 11), was 

added. The solution was incubated at 95'C for 3 min and put 

on ice. An additional 4 ul of 200 uM each dNTP and Su Klenow 

polymerase was added, and the solution incubated for 30 
minutes at 37'C. The solution was extracted with phenol

chloroform, precipitated with ethanol, resuspended, and 
digested with 20u Xba I. The digested DNA was run on a 4% 

polyacrylamide gel and visualized with ethidium bromide. In 
addition to high molecular weight DNA, an approximately 400 
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bp fragment was.visible, corresponding to the VJ region of 

th~ light chain cDNA with a "tail" (Fig. 11). The fragment 
was cloned directly into the Xba I site of pv~i in the 

correct orientation. · 
T~e fo1low_ing so-nucleotide 1ong primer was 

· 5 synthesized-and ge1-purified: 
CCAGAATTCTAGAGGTTTTAAGGACTCACCTGAGGAGACTGTGAGAGTGG. From the 
3~ end, the first 21 residues of the primer are the same as 
the last 21 bp. ~f ~e JH2 segment (non-coding strand)·. The 
next 19 nucleot~des are the same as.the sequence that follows 

10 JH2 in mouse genomic DNA and therefore includes a splice 

donor signal. The final nucleotides of the o1igo consist of 
an Xba I·site fo11owed by a short irrelevant sequence. This 

prim.er was hybridi~ed to M13mp11H DNA fo1lowing the same 
protocol as.above, in order to· synthesize a fragment 

.15 cc>ntaining the VJ region of the heavy chain· cDNA. The 

fragment was clon~d directly into the Xba I site of pV,1neo 
in the correct orientation. 

20 
Chimeric Antibody Specificity 

CR2~2 and CEM cells are human T cell lines that are 

respectively .positive and negative for surface expression of 
the IL2 receptor (IL2R). Whole CR2-2 cells were used to 
demonstrate.binding specificity of the chimeric antibody in 

an ELISA assay, and CEM ceils were used as a negative 
25 control. 

30 

35 

Antibody to be ~ested was prepared in several ways. 
Anti-Tac monoclonal antibody,. supplied by T. Waldmann, was 

purified from mouse a~cites by passage through a DEAE-dextran 
column. ·The cell line L40H4, created by transfecting SP2/0 
cells with th~ chimeric light and gamma 1 heavy chain 
plasmids pLTAC2 and pGTAC1 (described above), was injected 

into mice to form an ascites. From 3 mls of ascites fluid, 
650 µg of chimeric gamma- 1· ant.ibody was purified by passage 
through a column of Baker Abx and a size exclusion column. 

Also, to detect a~tibody production in tissue culture, 106 

cells each of L40H4 and the cell lines 51.3 and L40H2 (which 
had been created by transfecting SP2/0 with pLTAC2 and the 
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gamma 3 heavy chain plasmid pGTAC3 described before) and the 
non-producing line Sp2/0 itself, were plated in 1 ml of DME 

medium each. The media supernatent, containing any secreted 
chimeric antibodies, was harvested after 24 hr. and used 

directly in the assay, 
Cultured cells of each type were washed in FACS 

buffer (0.1% BSA, .01% sodium azide in Dulbecco•s phosphate 
buffered saline). 2 x 106 cells were mixed with either 

purified antibody in 20 µl FACS buffer or 20 µ1 media 

supernatent from the transfected cell lines, and incubated on 
10 ice for 2 hr. The cells were washed 3 times with 1 µl of 

FACS buffer (being collected by brief centrifugation after 

15 

20 

25 
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each wash). The cells that had been incubated with anti-Tac 
antibody (or no antibody as a control) were mixed with 0.5 µl 

peroxidase-conjugated goat anti-mouse antibody (Fab) '
2 

fragment (Tago Immunologicals, Burlingame, California) in 20 
µl FACS buffer, and the cells that had been incubated with 
chimeric antibody were mixed with 0.5 µ1 peroxidase
conjugated goat anti-human gamma chain (Fab) '

2 
fragment (Tago) 

in 20 µl FACS buffer. The cells were incubated for 30 min on 
ice and then washed 3 times with FACS buffer. They were then 
mixed with 100 µl peroxidase development solution and 

incubated for 5 min at room temperature. The cells were spun 

out and the supernatents were transferred to a 96-well plate 

and the OD's determined in an ELISA reader. The OD's at 414 

nm for the cells treated with each antibody are given in 

Table 1. 

As expected · the anti-Tac antibody- i.ts.el f bound to 
the IL2R+ CR2-2 cells but not to the IL2R- CEM cells. An 
equal amount of purified gamma 1 chimeric antibody gave an 

equivalent amount of binding to the CR2-2 cells as the anti
Tac, and also failed to bind to the CEM cells. All the 

supernatants from both the chimeric antibody producing cells 
bound to the CR2-2 cells. As additional negative controls, 

the 51.3 supernatant did not bind to the CEM cells, and 

supernatant from the parental SP2/0 cells did not bind the 

CR2-2 cells. 
In combination with the derivation of the light and 
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heavy chain genes from the anti-Tac hybridoma, these resuits 

show that the chimeric antibodies retained speciflcity-for 

the human IL2R. 
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TABLE 1 

Whole-Cell ELISA Assay of Chimeric Antibodies 

Mouse Gamma 2a 
none 
anti-Tac (100ng) 

Human Gamma 1 
none 

CR2-2 cells 
(IL2R +) 

• 03•7 

.679 

.084 

purified ascites (100ng) .641 
L40H4 (20 µ.l sup.) .481 

Human Gamma 3 

51.3 (20 µ.l sup.) 
L40H2 (20 µ.1 sup.) 

.381 

.932 

CEM cells 
(IL2R -) 

.024 

.044 

.038 
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To quantitate th~ rate of secretion of the chimeric 
-B.!ltibodies,. an ELISA.assay was perfo~ed; using standard 
methods·. . The results are presented in Table 2. About 106 

cells each of the chimeric gamma 1 secreting line L40HO and 
the chimeric gamma 3 secreting line 51.J were plated in 1 ml 

5 of DME medium with 5% fetal calf serum, and the supernatents 
collected after 24 hr. A 96-well plate was coated with goat 

anti-human antibodies (Tago Immunologicals). Different wells 
were incubated with increasing known amounts of gamma 1 
chimeric antibody (purified from ascites) and with 1 µ.1 of 

10 the chimeric a:nti..body_supernatents. Briefly, the plate was 

washed, incubated with peroxidase-conjugated goat anti-human 

gamma chain antibody, washed again, incubated with peroxidase 
developi_ng solution and the OD• s at 414 nm determined in an 

15 

20 

25 

~o 

35 

ELISA reader. By ~ompariso~ with th~ standard curve from the 
purified antibody, the media supernatants contained 
respectively about 8 and 7 ng per µ.1, that is the cells 
secreted 8 and 7 µ.g antibo4y per 106 cells per 24 hr. 
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TABLE 2 

PCT/US89/01578 

Rate of Chimeric Antibody Secretion 

00414 

Purified gamma 1 chimeric 

3 ng .426 
10 4 ng. .535 

6 ng .734 

8 ng 1.004 

L40H4 (1 µ.l sup.) 1.014 
15 Sl..3 (l. µl sup.) .845 

20 
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The mixed lymphocyte reaction is a model for 

transplant rejection and was use~ to analyze the 
effectiveness of the· chimeric anti-Tac antibodies. The 

experiments shown in Table 3 below were performed by standard 

methods (see, e.g., Strong, D.M. et al., In Vitro Stimulation 
S. of·Murine Spleen Cells Using a Microculture System and a. 

10 

15 

20 
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Multipte Automated Sample Harvester, J. Inununol. Meth., 2:279 

(1973)). Briefly, human peripheral blood lymphocytes from 
two unrelated human donors were purified. The lymphocytes 
from the two donors were incubated in wells of a 96-well 

plate, either separately, mixed together, or mixed together 

with 1 µg/ml of the indicated antibody added each day. When 
mixed together, the T-cells recognize each other as foreign, 

as T cells recognize an organ transplant as foreign. They 

therefore proliferate, as measured by uptake of 3H-labeled 

thymidine after three days. The numbers in Table 3 are the 

average thymidine uptake in cpm from triplicate wells+ the 

standard deviation. Addition of either the original anti-Tac 
antibody or either of the chimeric antibodies strongly 
inhibits proliferatio~ of the cells (percent inhibition shown 

in parentheses), by binding to the IL2R. This prevents IL2 

from binding to the "IL2R, which is required for T-cell 
proliferation. These experiments show that the chimeric 

antibody can be used to reduce the response of T-cells to 

foreign cells and may therefore have medical applications in 
preventing transplant rejection. 
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TABLE 3 

PCT/US89/01578 

Anti-IL2R Antibody Inhibition of Mixed Lymphocyte Reaction 

5 Exp. 1 Exp. 2 

Donor A 510 ± 292 151 ± 5 
Donor B 901 + 38 712 + 29 
A + B 11740 + 1593 19806 + 2034 

10 A + B + anti-Tac 4262 ± 3.46 (73%,). 73.11 ± 461 (66%) 
A+ B + Human Gamma 1 4126 + 370 (74%) 6721 + 981 (69%) 

A+ B + Human Gamma 3 6423 + 423 (71%) 
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From the- foregoing, it will be appreciated that the 

chimeric antibodies of the present invention offer numerous 

advantages of other human IL-2 receptor-specific 
antibodies. In comparison t~ anti-Tac mouse monoclonal 
antibodies, the present human chimeric antibodies can be 

5 more ·economica11y produced and contain substantially less 

foreign amino acid sequences. This· reduced likelihood of 

antigenicity·after injection into a human patient 
represents a significant therapeutic improvement. 

Although the present invention has been describe~ in 
10 some detail by way of illustration and example for purposes 

of clarity and understanding, it will be apparent_ that 
certain changes and modifications may be· practiced within 

the scope of .the app~nded claims. 
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CLAIMS 

1. A method of treating T-cell mediated disorders 
in a human ··patient, said method comprising administering to 
said patient a therapeutically effective dose of a mouse 

5 variable/human constant region chimeric antibody 

composition specifically reactive with IL-2 receptors on 
human T-cells. 

2. A method according to Claim 1, wherein the 
10 mouse variable· region comprises the entire variable region 

from heavy and light chains of an anti-Tac monoclonal 
antibody as produced by the cell line designated A.T.C.C. 

Accession No. CRL 9688. 

· 15 3. A method according to Claim 1, wherein at least 

20 

25 

30 

35 

one of the mouse variable regions is joined with a 
naturally-associated mouse J segment. 

4. A method according to Claim 1, wherein the 
human light chain constant region comprises a~ chain 

constant region. 

5. A method according to Claim 1, wherein the 
human light chain constant region comprises a ,

1 
or 

,
3 

chain constant region. 

6. A method according to Claim 1, wherein the 

composition comprises the chimeric antibody complexed with 
a cytotoxic agent. 

7. A method according to Claim 1, wherein the 
cytotoxic agent is a ribosomal inhibiting protein, a 

radionuclide or cytotoxic agent active at cell surfaces. 
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s. A chimeric antibody capable of binding to a 
human IL-2 receptor epitope·, said. antibody having two pairs 

of light chain/heavy chain complexes, wherein at least one 

pair has chains comprising mouse variable region and human 

constant region segments. 

9. A chimeriq antibody according to Claim 8, 

wherein the mous·e variable region is adjacent to a 

naturally associated.J segment. 

10. A chimeric antibody according to Claim 8, which 

inhibits the binding of monoclonal antibodies secreted by 

the cell line designated A.T.c.c. Accession No. CRL 9688. 

11. A chimeric antibody according to Claim 10, 

15 wherein at least one variable region comprises the amino 

acid sequence of a variable region of the anti-Tac 

monoclonal antibody. 

12. A chimeric antibody according to Claim 8, which 

20 was produced in a myeloma or hybridoma cell. 

13. A chimeric antibody according to Claim 8, which 

was expressed in a myeloma cell from a transfected DNA 

sequence comprising a mouse cDNA segment joined to a human 
25 genomic DNA segment. 

30 
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14. A chimeric antibody according to Claim 8 
·-complexe~ with a cytotoxic agent or signal agent. 

15. A heavy immunoglobulin chain comprising a human 

heavy chain constant region and a variable chain region 

which is substantially identical to a monoclonal antibody 

heavy chain variable region secreted by the cell line 

designated A.T.C.C. Accession No. CRL 9688. 
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16. A_heavy immunoglobulin chain according to Claim 

15·, wherein the variable and constant region are joined: by 
a mouse J segment • 

17. A light immunoglobulin chain comprising a human 
5 light chain constant region and a variable chain region 

which is substantially identical to a monoclonal antibody 
light chain variable region secreted by the cell line 
designated A.T.C.C. Accession No. CRL 9688. 

10 18. A polynucle·otide molecule compris·:tng a first 

sequence coding for a human immunoglobulin constant region 
and a second sequence coding for a mouse immunoglobulin 
variable region, wherein said second sequence encodes 

substantially for one of the amino acid sequences of 
15 Figures 1 or 2. 

20 

19. A cell line transfected with a polynucleotide 
of Claim 18. 

20. The cell line designated A.T.C.C. Accession No. 

CRL 9688. 

21. A DNA segment encoding a portion of an 

immunoglobulin light chain, said segment comprising at 

25 least about 30 contiguous nucleotides from the sequence of 

Figure 1. 

30 
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22. A DNA segment according to Claim 21, wherein 
the segment encodes a full length light chain variable 

region substantially homologous to the sequence in 
Figure 1. 

23. A DNA segment encoding a portion of an 

immunoglobulin heavy chain, said segment comprising at 
least about 30 contiguous nucleotides from the sequence of 
Figure 2. 
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24. A DNA segment according to Claim 23, wherein 
the segment encodes a full length heavy chain variable 
region substantially homologous to the sequence in 

Figure 2. 

5 25. An expression vector comprising a heterol~gous 
promoter operably linked to a DNA segment according to 
Claim 21 or 23. 

26. An immortalized cell line transformed with an 
10 expression vector according to Claim 25. 

15 

27. A prote~n composition comprising at least about 
ten contiguous amino acids from the protein sequence of 

Figure 1 or Figure 2 fused to a heterologous polypeptide. 

28. A protein composition according to Claim 27, 
wherein the heterologous polypeptide is an immunoglobulin 
constant region. 

20 29. A protein composition according to Claim 27, 
wherein-the protein is glycosylated. 

30.- A recombinant1y produced antibody exhibiting 

substantially the.same antigen binding profile as an 

25 immunoglobulin secreted by a cell line designated A.T.c.c. 
Accession No. CRL 9688 •. 
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10 20 30 40 50 60 
AAATTCAAAGACAAAATGCATTTTCAAGTGCAGATTTTCAGCTTCCTGCTAATCAGTGCC 

MetHisPheGlnVal61nI1ePheSerPheLeuLeul1eSerAJa 
70 80 90 100 110 120 

TCAGTCATAATGTCCAGAGGACAAATTGTTCTCACCCAGTCTCCAGCAATCATGTCTGCA 
SerVaflfeMetSerArgGlyGlnileValleuThrGlnSerProAfaileNetSerAlo 

130 140 150 160 170 180 
TCTCCAGGGGAGAAGGTCACCATAACCTGCAGTGCCAGCTCAAGTATAAGTTACATGCAC 
SerProGlyGluLysVo1ThrI1eThrCysSerAJoSerSerSerileSerTyrMetHis 

190 200 2·10 220 23 0 240 
TGGTTCCAGCAGAAGCCAGGCACTTCTCCCAAACTCTGGATTTATACCACATCCAACCTG 
TrpPheGlnGlnlysProGfyThrSerProlysleuTrpileTyrThrThrSerAsnleu 

250 260 270 280 290 300 
GCTTCTGGAGTCCCTGCTCGCTTCAGTGGCAGTGGATCTGGGACCTCTTACTCTCTCACA 
A I a Ser G I y Vo I Pro A I a Ar g Ph e Ser G I y Ser G I y Ser G I y Th r Ser Ty r Se r Leu Th r 

310 320 330 340 350 360 
ATCAGCCGAATGGAGGCTGAAGATGCTGCCACTTATTACTGCCATCAAAGGAGTACTTAC 
IleSerArgMetGluAlaGfuAspAloAlaThrTyrTyrCysHisGlnArgSerThrTyr 

370 380 390 400 
CCACTCACGTTCGGTTCTGGGACCAAGCTGGAGCTGAAAC 
Pro Leu Th r Ph e GI yS er G J y Th r Ly s le u GI u Leu Ly s 

pBR322 
pKCatH 

SV40 

FIG.-3 . 
.......... ,... ................. ~ -·----

Cot 
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10 20 30 40 50 60 
GCATCCTCTCCACAGACACTGAAAACTCTGACTCACAATGGAAAGGCACTGGATCTTTCT 
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W092/11383 PCT/CB91/02300 

RECOMBINANT ANTIBODIES SPECIFIC FOR 'INF-(>( 

Field of the invention 
This invention relates to recombinant, in particular 
humanised, antibody molecules having specificity for 
antigenic determinant~ of tumour necr~sis factor alpha 
(TNF-a), to processes for their production using 
recombinant DNA technology, and to their therapeutic.uses. 

For the purposes of the present description the term 
"recombinant antibody molecule" is used to describe an 
antibody molecule produced by any process involving the 
use of recombinant DNA technology, including any analogues 
of natural i.mmunoglobulins or their. fragments. 

Also for the purposes of the present description th~ term 
"humanised antibody molecule" is used to describe a 
molecule having an antigen binding site derived from an 
immunoglobulin from a non-human species, and remaining 
immunoglobulin derived parts of the molecule being derived 
from a human immunoglobulin. Thus humanised antibody 
molecules include humanised chimeric antibody molecules 
comprising complete non-bUJ11an heavy and/or light chain 

variable region domains linked to human constant region 
domains. Humanised antibody molecules also comprise 
CDR-grafted humanised antibody molecules comprising one or 
more CDRs from a non-human antibody grafted into a heavy 
and/or light chain human variable region. framework. 

,The antigen binding specificity of antibodies is 
determined by their complementarily determining regions 
(CDRs} which are relatively short peptide sequences 
carried on the framework regions of the variable 
domains. There are 3CDRs, (CDRl, CDR2 and CDR3) in eacr. 
of the heavy and light chain variable domains. 
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The abbreviation "MAb" is.used to indicate a monoclonal 
antibody. In the present description reference is made 
to a number of publications by number, and these 
publications are listed in numerical order at the end of .. 
the description. 

Background of the Invention 
Natural immunoglobulins have been known for many years, as 
have the various fragments thereof, such as the Fab, Fv, 

(Fab')2 and Fe fragments, which can be derived by. 
enzymatic cleavage. ·Natural .immunoglobulins comprise a 
generally Y-shaped molecule having an antigen-binding site 
towards the end of each upper arm. The remainder of the 
structure, and particularly the stem of the Y, mediates 
the effector functions associated with immunoglobulins. 

Natural immunoglobulins have been used in assay,_ diagnosis 
and, to a more limited extent, therapy.. However, such 
uses, especially in therapy, were hindered until recently_ 
by the polyclonal nat~e of natural immunoglobulins. A 

significant step towards the realisation of the potential 
of immunoglobulins as therapeutic agents was the discovery 
of procedures for the reproducible production of 
monoclonal antibodies (MAbs) of defined specificity (1). 

However, most MAbs are produced by hybridomas which are 
fusions of rodent spleen cells with rodent myeloma 
cells. They are therefore essentially rodent proteins. 
There are very few reports of the production of human MAbs •. 

Since most available MAbs are of rodent origin, they are ( 
naturally antigenic in humans and thus can give rise to an 
undesirable immune response termed the RAMA (Ruman • 
Anti-Mouse Antibody) response if the MAb is administered 
to a human. Therefore, the use of rodent MAbs as 
therapeutic agents in humans is inherently limited by the. 
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fact that the human subject will mount an immunological 
response to the MAb and will either remove ~t entirely or 
at least reduce its effectiveness. In practice, MAbs of 
rodent origin may not be used in patients for more than 
one or a few treatments as a BAMA response soon develops 
rendering the MAb ineffective as well as giving rise to 
undesirable reactions. For instance, OR'.1'3 a mouse 
IgG2a/k MAb which recognises.an antigen in the T-cell 
receptor-CD3 complex has been approved for use in many 
countries_ throughout the world as an immunosuppressant in 
the treatment of acute allograft rejection [Chatenoud et 
al (2) and Jeffers et al (3)]. However, in view of the 
rodent nature of this and other such MAbs, a significant 
RAMA response which may include a major anti-idiotype 
component, may build up on use. Clearly, it would be 
highly desirable to diminish or abolish this undesirable 
RAMA response and thus enlarge the areas of use of such 
antibodies. 

Proposals have therefore been made to render non-human 
MAbs less antigenic in humans. Such tec?Jliques can be 
generically termed "humanisation" techniques. These 
techniques typically involve the use of recombinant DNA 
technology to manipulate DNA sequences encoding the 
polypeptide chains of the antibody molecule. 

Early methods for humanising MAbs involved production of 
chimeric antibodies in which an antigen binding site 
comprising the complet~ variable domains of one antibody 
is linked to constant domains derived from another 

antibody. Methods for carrying out such chimerisation 
procedures are described in EP0120694 (Celltech Limited), 
EP0125023 (Genentech Inc. and City of Hope), EP-A-0 171496 
(Res. Dev. Corp. Japan), EP-A-0 173 494 (Stanford 
University), and WO 86/01533 (Celltech Limited). These 
prior patent applications generally disclose processes for 
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preparing antibody molecules having the variable domains 
from a mouse MAb and the constant domains from a human . 
immunoglobulin. Such humanised chimeric antibodies, 
however, still contain a significant proportion of 
non-human amino acid sequence, i.e. the complete non-~uman .. 
variable domains, and thus may still elicit some BAMA 
response, particularly if administered over a prolonged 
period [Bagent et al (ref. 4)1•. 

In an alternative approach, described in EP-A-0239400 
(Winter), the complementarity determining regions (CDRs) 
of a mouse MAb have been grafted onto the framework 
regions of the variable domains of a human immunoglobulin 
by site directed mutagenesis using long oligonucleotidea. 
Such CDR-grafted humanised antibodies are much less likely 
to give rise to a HAMA response than humanised chim~ric 
antibodies in view of the much lower proportion of 
non-human amino acid sequence which they contain. 

The earliest work on humanising MAbs by CDR-grafting was 
carried out on MAbs recognising synthetic antigens, such 
as the NP or NIP antigens. However, examples in which a 
mouse MAb recognising lysozyme and a rat MAb recognising 
an antigen on human T-cells were humanised by CDR-grafting 
have been described by Verhoeyen et al (5) and Riechmann 
et al (6) respectively. The preparation of CDR-grafted . 
antibody to the antigen on human T cells is also described 
in WO 89/07452 ·(Medical Research Council).· 

In Riechmann et al/Medical Research Council it was found 
that transfer of the CDR regions alone.[as defined by 
Kabat refs. (7) and (8)] was not sufficient to provide 
satisfactory antigen binding activity in·the CDR-grafted 
product. Riecbmann et al found that it was necessary to 
convert a serine residue at position 27 of the human heavy. 
chain sequence to the corresponding rat phenylalanine 

.: . 
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residue to obtain a CDR-grafted product having improved 
antigen binding activity. This residue at position 27 of 
the heavy chain is within the structural loop adjacent to 
CDRl. A further construct which additionally contained a 
human serine to rat tyrosine change at position 30 of the 
heavy chain did not have a significantly altered binding 
activity over the humanised antibody with the serine to 
phenylalanine change at position 27 alone. These results 
indicated that changes to residues of the human sequence 

outside the CDR regions, in particular in the structural 
loop adjacent to CDRl of the heavy chain, may be necessary 
to obtain effective antigen binding activity for 
CDR-grafted antibodies which recognise more complex 
antigens. Even so the binding affinity of the best 
CDR-grafted antibodies obtained was still significantly 
less than the original MAb. 

Recently Queen et al (9) have. described the preparation of 
a humanised antibody that binds to -an interleukin 2 

receptor, by combining the CDRs of a_ murine MAb (anti-Tac) 
with human immunoglobulin framework and ~onstant 
regions. The human framework regions were chosen to 
maximise homology with the anti-Tac MAb sequence. In 
addition computer modelling was used to identify framework 
amino acid residues which were likely to interact with the 
CDRs or antigen, and mouse amino acids were used at these 
positions in the humanised antibody. 

In W090/0786l Queen et al propose four criteria for 
designing humanised immunoglobulins. The first criterion 
is to use as the human acceptor the framework from a 
particular human immunoglobulin that is unusually . 
homologous to the non-human donor immunoglobulin to be 
humanised, or to use a consensus framework from many human 
antibodies. The s_econd criterion is to use the donor 
amino acid rather than the acceptor if the human acceptor 
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residue is unusual and the donor residue is typical for 
human sequences at a specific residue of the framework. 
The third criterion is to use the donor framework amino 
acid residue rather than the acceptor at positions 
immediately adjacent to the CDRs. The fourth criterion 
is to use the donor amino acid residue at framework 
positions at which the amino acid is predicted to have a 

side chain atom within about 3 A of the CDRs in a 
three-dimensional immunoglobulin model and to be capable 
of interacting with the antige~ or with the CDRs of the 
humanised immunoglobulin. It is proposed that the 
second, thir4 or fourth criteria may be applied in 
addition or alternatively to the first criterion, and may 
be applied singly or in any combination. 

W090/07861 describes in detail the preparation of a single 
CDR-grafted humanised antibody, a humanised antibody 
having specificity for the p55 Tac protein of the IL-2 
receptor. The combination of all fo~r criteria, as 
above, were employed in designing this humanised antibody, 
the variable region frameworks of the human antibody BU 
(7) being used as acceptor. In the resultant humanised 
antibody the donor CDRs were as defined by Kabat et al (7 

and 8) and in addition the mouse donor residues were used 
in place of the human acceptor residues, at positions 27, 
30, 48, 66, 67, 89, 91, 94, 103, 104, 105 and 107 in the 
heavy chain and at positions 48, 60 and 63 in the light 

chain, of the variable region frameworks •. The humanised 

anti-Tac antibody obtained is reported to have an affinity 
for pSS of __ 3 x 109 r 1, about one-third of that of the 
murine MAb. 

We have further investigated the preparation of CDR
grafted humanised antibody molecules and have identified a 

hierarchy of positions within the framework of the 
variable regions (i.e. outside both the Kabat CDRs and 

t.· 

.. , 
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structural loops of the variable regions} at which the 
amino acid identities of t~e residues are _important for 
obtaining CDR-gra.fted products with satisfactory binding 
affinity. This has enabled us to establish a protocol 
for obtaining satisfactory CDR-grafted products which may 
be applied very widely irrespective of the level of 
homology between the donor immunoglobulin and acceptor 
framework. The set of residues which we have identified 
as being of critical importance overlaps but does not 
coincide with the residues identified by Queen et al 
(9). Our copending International patent application 
W091/09967 describes this protocol for the preparation of 
CDR-grafted, in particular humanised, antibody heavy and 
light chains and complete molecules of any desired 
specificity~ The full disclosure of International patent 
application W0/91/09967 is incorporated in the pres~nt 
description by reference. 

Tempest et al (10) have very recently described the 
preparation of a reshaped human mono~lonal antibody for 
use in inhibiting human respiratory syncYt.ial virus (RSV) 
infection in vivo. This reshaped antibody was prepared 
by grafting synthetic oligo nucleotides coding for the 
CDRs of a murine MAb, which neutralises RSV infection, by 
site - directed mutagenesis into DNA coding for the 
frameworks of a human IgGl, monoclonal antibody. However 
the simple reshaped antibody in which the CDRs alone had 
been transferred between mouse and human antibodies had 
only very poor binding for RSV which was not significantly 
above background. In order to partially restore binding 
ability it proved necessary to additionally convert human 
residues to mouse residues in a framework region adjacent 
to CDR3 of the heavy chain. Tempest et al did not 
convert human residues to mouse residues at important 
positions identified in the protocol ·of W091/09967. 
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TNFa is a cytokine which is released by and interacts with 

cells of the immune system. Thus TNFa is reieased by 
macrophages which have been activated by lipopoly

saccharide (LPS) of gram negative bacteria... As such TNFa 

appears to be an endogenous mediator of central importance 

involved in the development and pathogenesis of endotoxic . 

shock associated with bacterial sepsis. Antibodies to 
TNFa has been proposed for the prophylaxis and treatment 
of endotoxic shock (Beutler et al (11}). However the 
antibodies to TNFa currently available for use in such 
treatment are tyPically murine MAbs. As such these 
murine MAbs are of only limited uae for treatment of 
humans in view of the undesirable HAMA (Human Anti-Mouse 
Antibody) response which they can elicit if used for more. 
than one or a few treatments. It is thus a· ·highly 
desirable objective to prepare humanised anti-TNFa 
products for use in human therapy. 

Our co-pending International patent application W091/09967 

describes, among other things, the preparation of 

humanised CDR-grafted antibody products which have 

specificity for TNFa. In particular W09~../.09967 describes, 
in Example S, preparation of specific humanised CDR grafted· 
antibodies to human TNFa derived from the murine anti-human. 
TNFa MAbs identified as 61E71 (alternatively known as 
CB0006), hTNFl (alternatively known as CBOOlO), hTNF3 and 
101.4. The present application relates specifically to 
recombinant, in particular humanised antibodies to human 
TNFa, including those described in W091/09967 and further 
improved humanised CDR-grafted antibodies to human TNFa 
based upon the hTNFl (CB0010) and 101 •• murine MAbs. 
Further studies of various anti-human TNFa murine MAbs 
have revealed·that hTNFl and 101.4 have particularly 

desirable properties for use in anti-TNF therapy. 
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summary of the Invention 
Accordingly the present invention provides recombinant 
antibody molecules which have specificity for human TNFa. 

The recombinant antibody molecules of the- invention are 
preferably TNF neutralising, i.e. are capable of reducing 
or inhibiting a biological activity of human TNFa as 
measured by an in vitro or in vivo test. 

Preferably the invention provides recombinant antibody 
molecules -having antigen binding site·s derived from the 
murine MAbs CB0006. CBOOlO, hTNF3 or 101.4, especially 
from the murine MAbs CBOOlO or iOl.4. 

Preferably the recombinant antibody molecules of the 
invention are humanised antibody molecules including both 
chimeric humanised antibody molecules and CDR-grafted 

humanised antibody molecules. 

For the purposes of the present description a "chimeric 
humanised antibody molecule" comprises co~plete non~human 
(e.g. murine MAb) variable domains linked to human 

constant domains, and a "CDR-grafted humanised antibody 
molecule• comprises an antibody heavy and/or light chain 
containing one or more CDRs from a non-human antibody 
(e.g. a murine MAb) grafted into a human heavy and/or 
light chain variable region framework. 

The CDR-grafted humanised anti-TNFo an~ibody products of 
this invention include anti-human TNFa antibody heavy and 
light chain and molecule products as defined in the first, 
second, third and fourth aspects of the invention 
described in W091/09967. 
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Detailed Description of the Invention 
Thus in first preferred embodiments, the invention 

provides a CDR-grafted humanised anti-hTNFa antibody heavy 

chain having a variable region domain comprising human 
acceptor framework and donor antigen binding regions 
wherein the framework comprises donor residues at at least 
one of positions 6, 23 and/or 24; 48 and/or 49, 71 and/or 

73, 75 and/or 76 and/or 78 and 88 and/or 91. 

Preferably in these first preferred embodiments, the heavy 
chain framework comprises donor residues at positions 23, 
24, 49, 71, 73 and 78 or at positions 23, 24 and 49. The 
residues at positions 71, 73 and 78 of the heavy chain 
framework are preferably either all acceptor or all donor 
residues. 

Especially in these first preferred embodiments the he~vy 
chain framework additionally comprises donor residues at 
one, some or all of positions 6, 37, 48 and 94. Also it 
is particularly preferred that residues at -positions .. of· 
the heavy chain framework which are commonly conserved 
across species, i.e. positions 2, 4, 25, 36, 39, 47, 93, 

103, 104, 106 and 107, if not conserved between donor and 

acceptor, additionally comprise donor residues. Most 
preferably the heavy chain framework additionally 
comprises donor residues at positions 2, 4, 6, 25, 36, 37, 
39, 47, 48, 93,_ 94, 103, 104, 106 and 107. 

rn addition the heavy chain framework optionally comprises 

donor residues at one, some or all of positions: 

1 and 3, 
72 and 76, 

69 (if 48 is 
38 and 46 (if 
80 and 20 (if 
67, 

different between donor and acceptor), 

48 is the donor residue), 

69 is the donor residue), 

. : 

•. 
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82 and 18 (if 67· is the donor residue), 
91, 

as, and 

PCT/GB91/02300 

any one or more of 9, 11, 41, 87, 108, 110 and 112. 

In the present description, typically the donor antibody 
is a non-human anti-hTNFa antibody, such as a rodent MAb, 
and the acceptor antibody is a human antibody. 

In the CDR-grafted humanised anti-hTNFa antibodies of the 
present invention, the donor antigen binding region 
typically comprises at least one CDR from the donor 
antibody. Usually the donor antigen binding region 
comprises at least two and preferably all three CDRs of 
each of the heavy chain and/or light chain variable 
regions. The CDRs may comprise the Kabat CDRs, the 
structural loop CDRs or a composite of the Kabat and 
structural loop CDRs and any combination of any of these. 

Preferably, the antigen binding regio~s of the CDR-grafted 
heavy chain variable domain comprise CDRs _c·orresponding to 
the Kabat CDRs at CDR2 (residues 50-65) and CDR3 (residues 
95-102) and a composite of the Kabat and structural loop 
CDRs at CDRl (residues 26-35). These preferred CDR 
designations are preferably used for the CDR-grafted heavy 
chains of the first preferred embodiments, i.e. residues 
26-30 are included within CDRl. 

The residue designations given above and elsewhere in the 
present application are numbered according to the Kabat 
numbering [refs. (7) and (8)]• Thus t~e residue 
designations do not always correspond directly with.the 
linear numbering of the amino acid residues. The actual 
linear amino acid sequence may contain fewer or additional 
amino acids than in the strict Kabat numbering 
corresponding to a-shortening of, or insertion into, a 
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structural component, whether framework or CDR, of the 
basic variable domain structure. For example, the heavy 
chain variable region of the anti-Tac antibody described 
by Queen et al (9) contains a single amino acid insert 
(residue 52a) after residue 52 of CDR2 and a three amino· 
acid insert (residues 82a, 82b and 82c) after framework 
residue 82, in the Kabat numbering. The correct Kabat 
numbering of residues may be·determined for a given 
antibody by alignment at regions of homology of the 
sequence of the antibody with a "standard" Kabat numbered 
sequence. 

It will be appreciated that when the CDR~grafted humanised 
antibody molecule embodiments· of the invention, as 
described above and elsewhere in the present description, 
are applied to a particular donor/ acceptor antibody pair,. 
in some cases the donor and acceptor amino acid re~idues 
may be identical at a particular position identified for 
change to the donor residue, and thus ~o change or 
acceptor framework residue is required. 

The invention also provides in second preferred 
embodiments a CCR-grafted humanised anti-hTNFa antibody 
light chain having a variable region domain comprising 
human acceptor framework and donor antigen binding regions 
wherein the framework comprises donor residues at at least 
one of positions 1 and/or 3 and 46 and/or 47. 

Preferably the CDR grafted light chain of the second 
preferred embodiment comprises donor residues at positions 
46 and/or 47. 

The invention also provides in third preferred embodiments 
a CDR-grafted humanised anti-hTNFa antibody light chain 
having a variable region domain comprising human acceptor 
framework and donor antigen binding regions wherein the 

· 1 
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framework comprises donor residues at at least one of 
positions 46, 48, 58 and 71. 

In the third preferred embodiments, the framework 
preferably comprises donor residues at all of positions 
46, 48, 58 and 71. 

In particularly preferred embodiments of the second and 
third preferred embodiments, the framework a~ditionally 
comprises donor residues at positions 36, 44, 47, 85 and 
87. Similarly positions of the light chain framework 
which are commonly conserved across species, i.e. 

positions 2, 4, 6, 35, 49, 62, 64_-69, 98, 99, 101 and 102, 
if not conserved between donor and human acceptor, 
additionally comprise donor residues. Most preferably 
the light chain framework additionally comprises don~r 
residues at positions 2, 4, 6, 35, 36, 38, 44, 47, 49, 62, 
64-69, es, 87, 98, 99, 101 and 10.2. 

In addition the framework of the second or third pref_erred 
embodiments optionally comprises donor residues at one, 
some or all of positions: 
1 and 3, 
63, 

60 (if 60 
70 (if 70 
73 and 21 
37 and 45 

and 

and 54 

and 24 
{if 47 
(if 47 

are able to form at potential saltbridge), 
are able to form a potential saltbridge), 
is different between donor and acceptor), 
is different between donor and acceptor), 

any one or more of 10, 12, 40, 80, 103 and 105. 

Preferably, the antigen binding regions of the CDR-.grafted 
light chain variable domain, including those of the·second 
and third pre£erred embodiments described above, comprise 
CDRs corresponding to the Kabat CDRs at CDRl (residue 
24-34), CDR2 (residues 50-56) and CDR3 (residues 89-97). 
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The invention further provides in a fourth preferred 
embodiment a CDR-grafted antibody molecule comprising at 
least one CDR-grafted heavy chain and at least one 
CDR-grafted light chain according to the first and second 
or first and third preferred embodiments of the invention. 

In a first particularly preferred embodiment, however, the 
invention provides a CDR-grafted humanised antibody heavy 
chain having a variable region domain comprising human 
acceptor framework (especially EU human acceptor 
framework) and hTNFl donor antigen binding regions wherein 

the framework comprises hTNFl donor residues at positions 
12, 27, 30, 38, 46, 48, 66, 67, 69, 71, 73, 76, 83, 89, 91 

and 94. 

The EU heavy chain framework has residues in framework 4 
(FR4) of the heavy chain which are anomalous for human 
heavy chain frameworks. Thus preferably human consensus 
residues are used in place of EU resid~es in FR4 of the 
heavy chain. In particular, the human con111ensus residue 
threonine (T) may be used at position 108. Fortuitously 
the murine hTNFl residue at position 108 is also threonine. 

In a second particularly preferred embodiment the 
invention provides a CDR-grafted humanised antibody light 
chain having a variable domain comprising human acceptor . 
framework {especially EU human acceptor framework) and 
hTNFl donor antigen binding regions wherein. the framework 
comprises hTNFl donor residues at positions 3, 42 and 49. · 

When the EU human framework is used for the light chain it 
is also desirable to change residues from EU residues at 
positions 48, 83, 106 and 108, as the EU residues at these 
positions are anomalous for human antibodies. Thus the 
human consensus residues may be used at some or preferably 
all of ~hese residues, i.e. isoleucine (I) at position 48, 
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valine (V) at position 83, isolaucine (I) at position 106 
and arginine (R) at position 108. Fortuitously the 
murine hTNFl residues are the same as the human consensus 
residues at positions 48 (I), 106 (I) and 108 (R). 
However, the human consensus residue valine (V) at 
position B3 differs from bo~h the EU residue (F) and the 
hTNFl residue (L) at this position. 

Especially the invention includes CDR-grafted humanised 
antibody molecules comprising at least one CDR-grafted 

humanised heavy chain according to the first particularly 
preferred embodiment and at least one CDR-grafted 
humanised light chain according to the second particularly 
preferred embodiment. 

Also in a third particularly preferred embodiment the 
invention provides a CDR-grafted humanised antibody heavy 
chain having a variable region domain comprising human 
acceptor framework (especially KOL human acceptor 

framework) and 101.4 donor antigen binding regions wherein 
the framework comprises 101.4 donor residues at positions 
4, 11, 23, 24, 28, 73, 77, 7B, 79, 91, 93-and 94. 

The KOL residue proline (P) at position·1oe of the heavy 
chain is anomalous for human antibodies. Thus preferably 
the human consensus residue leucine (L) is at this 
position if KOL is used as the human acceptor framework. 
Fortuitously the murine 101.4 antibody has the human 
consensus residue (L) at this position. 

Moreover in a fourth particularly preferred embodiment the 
invention provides a CDR-grafted humanised antibody light 
chain having a variable region domain comprising human 
acceptor framework (especially REI human acceptor 
framework) and 101.4 donor residues at positions 1, 3, 4 
and 73. 
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The REI light chain human framework has residues which are 
anomalous for human antibodies at positions 39 (threonine,. 
T), 104 (leucine, L), 105 (glutamine, Q), and 107 
{threonine, T). Thus when REI is used as the light chain 
framework, human consensus residues are used at positions 
39 (lysine, K), 104 (valine, V), 105 (glutamic ac~d, E) and 
107 (lysine, K). Fortuitously the murine 101.4 residues 
are the same as the human consensus residues at poaitions 
39 (K), 105 (E) and 107 (K). However, the human 
consensus residue at position 104 (V) differs from the 
leucine (L) REI and murine 101.4 residues at this position. 

Especially also the invention includes CDR grafted 
humanised antibody molecules comprising at least one 
CDR-grafted humanised heavy chain according to the third 
particularly preferred embodiment and at least one 
CDR-grafted humanised light chain according to the fourth 
particularly preferred embodiment. 

Preferably the Kabat CDRs are used for all of the CDRs 
(CDRl, CDR2 and CDR3) of both the heavy and'light chains 
of the first,·second, third and fourth particularly 
preferred embodiments described above. 

The recombinant and humanised antibody molecules and 
chains. of the present invention may comprise: a complete 
antibody molecule, having full length heavy and light 
chains; a fragment thereof, such as a Fab, Fab', F(ab')2. 
or Fv fragment; a light chain or heavy chain monomer or .. 
dimer; or a single chain antibody, e.g. a single chain Fv 

in which heavy and light chain variable regions are j~ined 
by a peptide linker; or any other recombinant, chimeric 
or CDR-grafted molecule with the same specificity as the 
original donor antibodies •. Similarly the heavy and light 
chain variable region may be combined with other antibody 
domains as appropriate. 
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Also the heavy or light chains or recombinant or humanised 
complete antibody molecules of the present invention may 
have attached to them an effector or reporter molecule. 
For instance, it may have a macrocycle, for chelating a 
heavy metal atom, or a toxin, such as ricin, attached to 
it by a covalent bridging structure. Alternatively, the 
procedures of recombinant DNA technology may be used to 
produce an immunoglobulin molecule in which the Fe 
fragment or CB3 domain of a complete bnrnunoglobulin 
molecule has been replaced by, or.has attached thereto by 

peptide linkage, a functional non-immunoglobulin protein, 
such as an enzyme or toxin molecule. 

The amino acid sequences of the heavy and light chain 
variable domains of the CBOOlO, 101.4, CB0006 and hTNF3 
murine MAbs, CDR-grafted variants thereof and human 
acceptor antibodies are given in the accompanying diagrams 
Figures 1, 2, 3 and 4 respectively. The recombinant and 
humanised antibody products of the invention may be 
prepared using recombinant DNA techniques, for instance 
substantially as described in W091/09967. 

Any appropriate human acceptor variable region framework 
sequences may be used having regard to class/type of the 
donor antibody from which the antigen binding regions are 
derived. Preferably, the type of human acceptor 
framework used is of the same/similar class/type as the 
donor antibody. Conveniently, the framework may be 
chosen to maximise/ optimise homology with the donor 
antibody sequence particularly at positions close or 
adjacent to the CDRs. However, a higA level of homology 
between donor and acceptor sequences is not critical for 
application of the present invention. The present 
invention identifies a hierarchy of framework residue 
positions at which donor residues may be important or 
desirable for obtaining a CDR-grafted antibody product 
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having satisfactory binding properties. The CDR-grafted 
products.usually have binding affinities of at least 105 
.rl, preferably at least about 108 M-1, or especially in 
the range 108-1012 .rl. · In principle, the present 

invention is applicable to any c~ination of anti-hTNFa 
donor and human acceptor antibodies irrespective of the 
level of homology between their sequences. Examples of 
human frameworks which may be used are KOL, NEWM, REI, EU, 
TOR, TEI, LAY and POM (refs. 7 and 8) and the like; for 
instance KOL and NEWM for the heavy chain and REI for the 
light chain and EU, LAY and POM for both the heavy chain 
and the light chain. 

Also the constant region domains of the products of the 
invention may be selected having regard to the proposed 
function of the antibody in particular the effector 

. functions which may be required. For example, the 
constant region domains may be human IgA,_IgE, IgG or IgM 
domains. In particular, IgG human constant region domains 
may be used, especially of the IgGl and IgG3 isotypes, when· 
the humanised ~ntibody molecule is 'intended for therapeutic 
uses, and antibody effector functions are required. 
Alternatively, IgG2 and IgG4 isotypes may be used when the 
humanised antibody molecule is intended for therapeutic 
purposes and antibody effector functions are not required, 
e.g. for simple blocking of TNF activity. 

However, the remainder of the antibody molecules need not 
comprise only protein sequences from immunoglobulins. 
For instance, a gene may be constructed in which a DNA 
sequence encoding part of a human immunoglobulin chain is 
fused to a DNA sequence encoding the amino acid sequence 
of a functional polypeptide such as ari effector or 
reporter molecule. 
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In further aspects the invention also includes DNA 
sequences coding for the recombinant and humanised 
antibody, e.g. CDR-grafted, heavy and light chains, 
cloning and expression vectors containing the DNA 

sequences, host cells transf9rmed with the DNA sequences 
and processes for producing the recombinant and humanised, 
e.g. CDR-grafted, chains and antibody molecules comprising 
expressing the DNA sequences in the transformed host cells. 

The general methods by which the vectors may be 
constructed, transfection methods and culture methods are 
well known per se. Such methods are shown, for instance, 
in references 12 and 13. 

The DNA sequences which encode the anti-hTNFa antibody 
molecule amino acid sequences may be obtained by met~ods 
well known in the art. For example the anti-TNF coding. 
sequences may be obtained by genomic cloning, or cDNA 
cloning from suitable anti-hTNFa producing hybridoma cell 
lines. Positive clones may be screened using appropriate 
probes for the heavy and light chain gene~ in question. 
Also PCR cloning may be used. DNA sequence coding for 
.part or all of the antibody heavy and light chains may be 
synthetised as desired from the determined DNA sequence or 
on the basis of the corresponding amino acid sequence. 

DNA coding for acceptor, e.g. human acceptor, sequences 
may be obtained in any appropriate way. For example DNA 
sequences coding for preferred human acceptor frameworks 
such as KOL, REI, EU and NBWM, are widely available to 
workers in the art, or may be readily synthetised on the 
basis of their known amino acid sequences (see refs. 
7 & 8). 

• 
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The standard techniques of molecular biology may be used 

to prepare DNA sequences coding for the chimeric and 

CDR-grafted humanised antibody products.. Desired DNA 

sequences may be synthesised completely or in part using 
oligonucleotide synthesis techniques. Site-directed 
mutagenesis and polymerase chain reaction (PCR) techniques 
may be used as appropriate. For example oligonucleotide 
directed synthesis as described by Jones et al (ref. 14) 

may be used. Also oligonucleotide directed mutagenesis 
of a pre-existing variable region as, for example, 

described by Verhoeyen et al (ref. 5) or Riechmann et al 
(ref. 6) may be used. Also enzymatic filling in of 
gapped oligonucleotides using T4 DNA polymerase as, for 

example, described by Queen et al (ref. 9) may be used. 

Any suitable host cell/vector system may be used for 
expres~ion of the DNA sequences coding for the 
recombinant, chimeric and CDR-grafted humanised antibody 
heavy and light chains. Bacterial e._g. E. coli, an~ 
other microbial systems may be used, in particular for 
expression of antibody fragments such as Fab and F(ab')2 

fragments, and especially Fv fragments and single chain 

antibody fragments e.g. single chain Fvs. Eucaryotic 

e.g. roarnrnalian host cell expression systems may be used 
for production of larger CDR-grafted antibody products, 
including complete antibody molecules, and/or if· 

_glycosylated products are required. Suitable mammalian 

host cells include CHO cells and myeloma or hybridoma cell 

lines. 

Thus, in a further aspect.the present invention provides a 
process for producing a recombinant or humanised anti-hTHPa 
antibody product comprising: 
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(a) producing in a.n expression vector an ·operon having a 
DNA sequence which encodes an anti-h'l'NFa antibody 
heavy chain; 

and/or 
(b) producing in an expression vector an operon having a 

DNA sequence which encodes a complementary anti-hTNFa 
antibody light chain; 

(c) transfecting a host cell with the or each vector; and 
(d) culturing the transfected cell line to produce the 

recombinant anti-h'l'NFa antibody product. 

The recombinant or humanised anti-hTNFa product may 
comprise only heavy or light chain derived polypeptide, in 
which case only a heavy chain or_light chain polypeptide 
coding sequence is used to transfect the host cells. 
For production of products comprising both heavy an~ light 
chains, the cell line may be transfected with two vectors, 
a first vector containing an operon encoding a light 
chain-derived polypeptide and a second vector containing 
an operon encoding a heavy chain-deriyed polypeptide. 
Preferably, the vectors are identical, exqept in so far as 
the coding sequences and selectable markers are concerned, 
so as to ensure as far as possible that each polypeptide 
chain is equally expressed. Alternatively, a single 
vector may be used, the vector including the sequences 
encoding both light chain- and heavy chain-derived 
polypeptides. 

The DNA in the coding sequences for the light and heavy 
chains may comprise cDNA or genomic DNA or both. 

The invention also includes therapeutic and diagnostic 
compositions comprising the recombinant and humanised 
antibody products of the invention and the uses of these 
products and the compositions in therapy and diagnosis. 
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Thus in a further aspect the invention provides a 
therapeutic ~r diagnostic composition com.prising a 

.. recombinant or humanised antibody according to the _ 
invention in combination with a pharmaceutically 
acceptable excipient, diluent or carrier. 

The invention also provides a process for the preparation 
of a therapeutic or diagnostic composition comprising 
admixing a recombinant or humani.sed antibody according to· 
the invention together with a pharmaceutically acceptable . 
excipient, diluent or carrier. 

The recombinant or humanised antibody may he the sole 
active ingredient in the therapeutic or diagnostic 
composition or may be accompanied by one or more other 
active ingredients including other antibody ingredients, 
e.g. anti-T cell, anti-IFN7 or anti-LPS antibodies, or 
non-antibody ingredients such as ~anthines. The 
therapeutic and diagnostic.compositions may be in unit 
dosage form, in which case each unit dose comprises an 
effective amount of the recombinant or humanised antibody 
of the invention. 

Furthermore, the invention also provides methods of 
therapy and diagnosis comprising administering an 

-effective amount of a recombinant or humanised antibody 
according to the invention to a human or animal subject. 

The antibodies and compositions may be utilised in any 
therapy where it is desired to reduce the level of TNF 
present in the human or animal body. ~he TNF may be in 
circulation in the body or present in an undesirably high 
level localised at a particular site in the body. 
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For example, elevated levels of TNF are implicated in 
immunoregulatory and inflammatory disorders and in septic, 
or endotoxic, and cardiovascular shock. The antibody or 
composition may be utilised in therapy of conditions which 
include sepsis, septic or endotoxic shock, cachexia, adult 
respiratory distress syndrome, AIDS, allergies, psoriasis, 
T.B., inflammatory bone disorders, blood coagulation 
disorders, burns, rejection episodes following organ or 
tissue transplant and autoimmune disease e.g. organ 
specific disease such as thyroiditis or non-specific organ 
diseases.such as rheumatoid and osteo-arthritis. 

Additionally, the antibody or composition may be used to 
ameliorate side effects associated with TNF generation 
during neoplastic therapy and also to eliminate or 
ameliorate shock related symptoms associated with the 
treatment or prevention of graft rejection by use of an 
antilymphocyte antibody, or may be used for treating 
multi-organ failure (MOF). 

The recombinant and humanised antibodies and compositions 
of the invention are preferably for treatment of sepsis or 
septic/endotoxic shock. 

The antibodies and compositions may be for administration 
in any appropriate form and amount according to the 
therapy in which they·are employed. Thie may be for 
prophylactic use, for example where circumstances are such 
that an elevation in the level of TNF mlght be expected or 
alternatively, they may be for use in reducing the level 
of TNF after it has reached an undesirably high level or 
as the level is rising. 

The therapeutic or diagnostic composition may take any 
suitable form for administration, and, preferably is in a 
form suitable for parenteral administration e.g. by 
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injection or infusion, for example by bolus injection or 
continuous infusion. Where the product is for injection 
or infusion, it may take the form of a suspension, 
solution or emulsion in an oily or aqueous vehicle and it 
may contain formulatory agents such as suspending, 
preservative, stabilising and/or dispersing agents. 

Alter~tively, the antibody or composition may be in dry 

form, for reconstitution before use with an· appropriate 
sterile liquid. 

If the antibody or composition is suitable for oral 
administration, e.g. in the case of antibody fragments, 
the formulation may contain, in addition to the active 
ingredient, additives such as: starch - e.g. potato, maize 
or wheat starch or cellulose - or starch derivatives such 
as microcrystalline celluloseJ silica; various sugars 

such as lactose; magnesium carbonate and/or calcium 
phosphate. It is desirable that, if the formulation is 
for oral administration it will be well tolerated by the 
patient's digestive system. To this end, it may be 
desirable to include in the formulation mucus formers and 
resins. It may also be desirable to improve tolerance by 
formulating the antibody or compositions in a capsule 
which is insoluble in the gastric juices. It may also be 
preferable to include the antibody or composition in a 
controlled release formulation. 

In a still further aspect of the invention, there is 
provided a method of treatment of a human or animal subject 

suffering from or at risk of a disorder associated with an 
undesirably high level of TNF, the method comprising 
adminis~ering to the subject an effective amount of the 
antibody or composition of the invention. -In particular, 
the human or animal subject may be suffering from, or at 
risk from, sepsis, or septic or endotoxic shock. 
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The dose at which the antibody is administered depends on 
the nature of the condition to be treated, the degree to 
which the TNF to be neutralised is, or is expected to be, 
raised above a desirable level, and on whether the 
antibody is being used prophylactically or to treat an 
existing condition. The dose will also be selected 
according to the age and conditions of the patient. 

Thus, for example, where the product is for treatment or 
prophylaxis of septic shock suitable doses of antibody to 
TNF lie in the range 0.001-JOmg/kg/day, preferably 
0.01-lOmg/kg/day and particularly preferably 
O.l-2mg/~g/day. 

The antibody products may be used in diagnosis e.g. in in 
vivo diagnosis and imaging of disease states involvi~g 
elevated TNF levels. 

The invention is further described by way of illustration 
only in the following Examples which refers to the 
accompanying diagrams, Figures 1 - 6. 

Brief Description of the Figures 
Figure 1 shows amino acid sequences for the variable 
domains of the heavy and light chains for the human 
acceptor antibody EU (lEU), the murine MAb CBOOlO 
(b t n f l J and humanised CDR grafted light ( gEU). and heavy 
(2hBUg) chainsi 

Figure 2 shows amino acid sequences for the variable 
region domains of the human acceptor_antibodies 
REI (1 r e 1) for the light chain and KOL (KOL) for the 
heavy chain, of the heavy and light chains of the murine 
MAb 101.4 (101/4) and humanised grafted light and heavy 
chains (both designated gl014); 
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Figure 3 shows amino acid sequences for the variable 
region domains of the human acceptor .antibodies R£I (REI) 
£or the light chain and KOL (KOL) for the heavy chain, of 
the heavy and light chains of the murine MAb CB0006 (CB6) · 

and humanised grafted light and heavy chains (both 
designated gCB6); 

Figure 4 shows amino acid sequences for the variable 
region domains of the human acceptor antibodies RBI (RBI) 
for the light chain and KOL (KOL) for the heavy chain, of 
the heavy (HTNF3} and light (hTNF3) chains of the murine 
MAb HTNF3 and humanised grafted light (gBTNP3) and heavy 
(ghTNF3) chains; 

Figure 5 shows a graph comparing the ability of murine 
CBOOlO {hTNFl) and CDR-grafted .. CBOOlO (GrhTNFl; CDP?71) 
to compete with BRP-conjugated murine BTNFl for binding to 
recombinant human TNFc, and 

Figure 6 shows a graph comparing the ability of murine 
HTNFl (CBOOlO) and CDR-grafted HTNFl (CP571) to neutralise 

·recombinant TNFa in the L929 bioassay. 
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Detailed Description of Embodiments of the Invention 
Exampl.e 1 
CDR-Grafting of murine anti-TNFa antibodies 

A number of murine anti-human 'l'NFa MAbs were CDR-grafted 
substantially as described in detail in W09l/09967 for the 

CDR-grafting of the murine anti-CD3 antibody 0~~3. In 
this and subsequent Examples, the chimeric and CDR-grafted 
humanised antibodies were prepared using human IgG4 
constant ·region domains, substantially as described for 
preparation of 74 chimeric and CDR-grafted OXT3 antibodies 
in W091/09967 •. It will be appreciated, however, that 
human constant region domains of other types and isotypes, 
e.g. IgGl, IgG2 and IgG3, could also have been used 
without significantly altering the procedures described. 

These anti-hTNFa antibodies included the murine MAbs 
designated CB0006 (also known as 61E71), CB0010 (also 
known as hTNFl), hTNF3 and 101.4 ·A brief summary of the 
CDR-grafting of each of these antibodies is given below. 

CB0006 

A similar analysis as described in Example 1, Section 
12.1. of W091/09967 was carried out for CB0006 and for the 
heavy chain 10 framework residues were identified at 
positions 23, 24, 48, 49, 68, 69~ 71, 73, 75 and 88 as 
residues to potentially retain as murine. The human 
frameworks chosen for CDR-grafting of this antibody, and 
the hTNF3 and 101.4 antibodies ware REl for the light 
chain and KOL for the heavy chain. The amino acid 
sequences of the murine CB0006 (CB6) (heavy and Light) REI 
(REI) light and ROL (KO~) heavy chain V!,lriable· domains are 
given in Figure 3. 

Three genes were built, the first of which coded for amino 
acid residues 23, 24, 48, 49, 71 and 73 [gB34l(6)J as 
murine residues. The amino acid sequence of the variable 
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domain coded by this first gene is shown as gCB6 in the 
heavy chain summary in Figure 3. The second gene also 

had amino acid residues 75.and 88 as murine residues 
[ gH34 l ( 8) J while the third gene addi_tionally had amino 
acid residues 68, 69, 75 and 88 as murine residues 
[gB341{10)]. Bach was co-expressed with gL22l, the 
minimum grafted light chain (CDRs only) shown as_gCB6 in 
the heavy chain summary in Figure 3. The gL221/gB341(6) 
and gL221/gB341(8) antibodies both bound as well to TNF as 
murine 61E71. The gL22l/gB34l(l0) antibody did not 
express and this combination.was not taken further. 

Subsequently the gL221/gB341(6) antibody was assessed in 
an L929 cell competition assay in which the antibody 
competes against the TNF receptor on L929 cells for binding 
to TNF in solution. In this assay the gL221/gB341(6) 
anti~ody was approximately 10% as active as murine CB0006. 

CBOOlO (also known as hTNFl) 
CBOOlO is a monoclonal antibody which recognises an 

epitope of human TNF-a. The EU human framework was used 
for CDR-grafting of both the heavy and light variable 
domains. The amino acid sequences of the heavy and light 
variable domains of EU (EU), CB0010 (h t n f 1) and grafted 
versions of CBOOlO (gEU, light; 2hEOg, heavy) are shown 
in Figure 1. 

Heavy Chain 
In the CDR-grafted heavy chain mouse CDRs were used at 
positions 26-35 (CDRl), 50-65 (CDR2) and 95-102 (CDR3). 
Mouse residues were also used in the frameworks at 
positions 48, 67, 69, 71, 73, 76, 89, 91, 94 and 108. 

Comparison of the TNFl mouse and EU human heavy chain 
residues reveals that these are identical at positions 23, 
24, 29 and 78. 
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Light Chain 
In the CCR-grafted light chain mouse CDRs were used at 
positions 24-34 (CDRl), 50-56 (CDR2) and 89-97 (CDR3). 
In addition mouse residues were used in the frameworks at 
positions 3, 42, 48, 49, 83, 106 and 108. Comparison of 
the h'l'NFl mouse and EU human light chain residues.reveals 
that these are identical at positions 46, 58 and 71. 

The grafted CBOOlO heavy chain was co-expressed with the 

chimeric light chain and the binding ability of the 
product compared with that of the chimeric light 
chain/chimeric heavy chain product in a TNF binding assay. 

The grafted heavy chain product appeared to have binding 
ability for TNF slightly better than the fully chimeric 
product. 

Similarly, a grafted heavy chain/grafted light chain 
product was co-expressed and compared with the fully 
chimeric product and found to have closely similar binding 
properties to the latter product. B~ever when the 
grafted heavy chain/grafted light chain product was 

assayed in the L929 assay (see Example 4), it was found to 
have an activity only haif that of the chimeric product. 
Thus further CDR-grafting experiments were carried out as 
described in Example 2. 

hTNF3 
hTNF3 recognises an epitope on human TNF-a. The sequence 
of hTNF3 shows only 21 differences compared to CB0006 in 

the light and heavy chain variable regions, 10 in the 
light chain (2 in the CDRs at positions. SO, 96 and 8 in 
the framework at 1, 19, 40, 45, 46, 76, 103 and 106) and 
11 in the heavy chain (3 in the CDR regions at positions 
52, 60 and 95 and 8 in the framework at l, 10, 38, 40, 67, 

73, 87 and 105). The light and heavy chain variable 
domain amino acid sequences of hTNF3 (Htnf3, light1 
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hTNF3, heavy), CDR-grafted hTNFJ (gHTNF3, light; ghTNFJ, 
heavy) and RBI (REI, light) and KOL (KOL, heavy) are shown 
in Figure 4. The light and heavy chains of the CB0006 

and hTNF3 chimeric antibodies can be exchan~ed without 
loss of activity in the direct binding assay. However 
CB0006 is an order of magnitude less able to compete with 
the TNF receptor on L929 cells for TNF-a compared to 
hTNFJ. Based on the CB0006 CDR grafting data gL221 and 
gH341(+23, 24, 48, 49 71 and 73 as mouse) genes have been 
built for hTNF3 and tested and the resultant grafted 
antibody binds well to 'l'NF-a, but competes very poorly in 
the L929 assay. The gL221 gene codes for the gBTHF3 and 

the gH341 etc. gene codes for the ghTNF3 variable domain 
sequences as shown in Figure 4 • It is likely that in 
this case other framework residues may need to be changed 
to improve the competitive binding ability of this 
antibody. 

101.4 
101.4 is a further murine MAb able to recognise human 
TNF-a. The heavy chain of this antibody shows good 
homology to KOL and so the CDR-grafting has been based on 
REi for the light chain and KOL for the heavy chain. The 
heavy and light variable domain amino acid sequences of 
101.4 (101/4) and a CDR-grafted version of 101.4 (gl014) 
and the REI light chain (1 re 1) and KOL heavy chain (KOL). 
variable domains are given in Figure 2. Several grafted 
heavy chain genes have been constructed with conservative 
choices for the CDR's (gH341) and which have one or a 
small number of non-CDR residues at positions 73, 78 or 
77-79 inclusive, as the mouse amino acids. These have 
·been co-expressed with the chimeric light chain or the 
Kabat CDR-grafted light chain. In. all cases binding to 
TNF equivalent to the chimeric antibody is seen and when 
co-expressed with cL the resultant antibodies are able to 
compete well in the L929 assay. However, with 

• 

" 
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gL221 the resultant antibodies are at least an order of 

magnitude less able to compete for TNF against the-TNF 
receptor on L929 cells. 

Mouse residues at other positions in the heavy chain, for 
example, at 23 and 24 together or at 76 have been 
demonstrated to provide no improvement to the competitive 
ability of the grafted antibody in the L929 assay • . 
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Example 2 
Further CDR-Grafting of Hurine anti-human TRFa Antibodies 
CB0010 and 101.4 
Murine anti-human TNFa monoclonal antibodies CBOOlO and 
101.4 were further CDR-grafted substantially as described 

in W091/09667. 

CB0010 
CB0010 is a monoclonal antibody which recognises an 
epitope on human TNF-a. The EU human framework was used 

for CDR-grafting of both the heavy and light variable 
domains. 

The amino acid sequences of the heavy and light chain 
variable domains of the EU acceptor, CBOOlO (h t n fl) 

murine donor and CDR-grafted (gEU, light chain and 2hEUg, 
heavy chain} antibodies are given in Figure 1. 

Heavy chain 
In the CDR-grafted heavy chain { 2hEUg_) , mouse CDRs were 
used at positions 31-35 {CDRl), 50-65 (CDR2) and 95-102 

(CDR3). 
Mouse residues were also used in the frameworks at 
positions 12, 27, 30, 38, 46, 48, 66, 67, 69, 71, 73, 76, 
83, 89, 91, 94 and 108. Comparison of the CB0010 mouse 
and EU human heavy chain residues reveals that these are 
identical as positions 23, 24, 29 and 78. 

Light chain 
In the CDR-grafted light chain {gEU) mouse CDRs·were used 
at positions 24-34 (CDRl); 50-65 (CDR2) and 89-97 (CDR3). 
In addition mouse residues were used in the frameworks at 
positions 3, 42, 48, 49, 106 and 108. The human consensus 
residue (valine) was used at position 83. Comparison of 
the CBOOlO mou~e and EU human light chain residues reveals 
that these are identical at positions 46, 58 and 71. 

.. 
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The grafted CBOOlO heavy chain was co-expressed with the 
chimeric light chain and the binding ability of the 
product compared with that of the chimeric light 
chain/chimeric heavy chain product in a TNF binding 
assay. The grafted heavy chain product appeared to have 

binding ability for TNF slightly better than the fully 
chimeric product. 

Similarly, a grafted heavy chain/grafted light chain 
product was co-expressed and ~ompared with the fully 
chimeric product and found_to have closely similar binding 
properties to the latter .product. The specific 
combination of grafted light chain (gEU) and grafted heavy 
chain (2hEUg), as shown in Figure 1, provides the antibody 
known as CDP571. The murine CB0010 (CBOOlO), chimeric 
CBOOlO (chimeric CBOOlO) and the grafted heavy 
chain/grafted light chain product(CDP571) were compared 
for binding to human TNFa in a standard assay. The 
results obtained are given in the table below in terms of 
the Ko (pM) measured. for each antibody. 

Antibody 
CBOOlO 
Chimeric CBOOlO 
CDP571 

Ko (pM) 

80 

81 

87 

The fully grafted antibody product (CDP571) is currently 
in pre-clinical development for treatment of sepsis 

syndrome and acute transplant rejection. 

101.4 
101.4 is a further murine MAb able to recognise human 
TNF-a. The heavy chain of this antibody shows good 
homology to KOL and so the CDR-grafting has been based on 
REI for the light chain and KOL for the heavy chain. An 
improved CDR-grafted product has been prepared. Variable 
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domain amino acid sequences for REI (rei, light chain), 
KOL {KOL, heavy chain) murine 101.4 (~01/4, heavy .and 
light chain) and fully grafted antibody (gl014, heavy and 
light chain) are shown in Figure 2. 

Heavy chain 
In the CDR-grafted heavy chain (gl014) mouse CDRs were 

used at position 31-35 "(CDRl), 50-65 (CDR2) and 95-102 
(CDR3). Mouse residues were also used in the framework 
at positions 4, 11, 23, 24, 28, 73, 77, 78, 79, 91, 93, 94 

and 108. 

Light chain 
In the CDR-grafted light chain (gl014) mouse CDRs were 
used at positions 24-34 (CDRl}, 50-56 (CDR2) and 89-97 
(CDR3). In addition mouse residues were used in the 
framework at positions 1, 3, 4, 39, 73, 105 and 107.· The 
human consensus residue (valine) was used at position 104. 

The fully grafted heavy and light chain (g~014) were 
co-expressed ~nd their binding to TNF compared with murine 
and chimeric 101.4 and also the fully grafted (gEU/2hEOg, 
CDP571} CBOOlO antibody. The fully grafted 101.4 
antibody was found to having binding properties.for human 
TNFa similar to the murine, chimeric, and grafted CB0010 
antibodies. 
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Example 3 
In vitro comparison of Murine and CDR-qrafted Antibodies· 

A. Affinity Measurements for Murine CB0010 and CDP571 

Materials and Methods 
Materials: 

PBS/BSA: Dulbeccos PBS+ 11 (w/v) bovine serum albumin. 

TNF: SOnM rec. hWDan TNF-alpha (Bissendorf Bi~hemicals), 
0.85µg/ml in PBS/BSA. 
Stock 126I-TNF: SµCi, 185kBq (.Amersham International) 
dissolved in 500µ1 water and stored at -1ooc. 
Working Solution 126I-TNF: -62pM for titration curve and 
124pM for Scatchard analysis, in PBS/BSA. 
Antibodies: Purified murine CB0010 (mBTNFl) and CDP571 
were quantified by A280nm (Elmg/ml, 2eonm=1

•'), and 
diluted to a concentration of lµg/ml for titration, or 
200ng/ml for Scatchard analysis. 
I:mmunobeads: Goat anti-murine IgG whole molecule-agarose 
or goat anti-human IgG whole molecule-agarose (Sigma) were 
used undiluted. 

Method: 

Antibody titration: mHTNFl and CDP571 were titrated in 
doubling dilutions (100µ1 each) to give a total of 16 
samples and 126I-TNF (100µ1, 62pM) was added. The final 
top concentration of antibody was SOOng/ml and 125I-TNF 
was 3lpM. Control tubes (8) contained 126I~TNF and 
PBS/BSA only. The samples were left to equilibrate 
overnight at room temperature, with shaking. After 
equilibration, 25µ1 goat anti-mouse-agarose was added to 
the mBTNFl samples, and 50µ1 goat anti-human beads were 
added to the.CDP571 samples except for the total 126I-TNF 
controls. Non-specific absorption of 126 I-TNF to the 
agarose beads was corrected for by adding beads to 
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4 of the controls and comparing supernatant counts for 
these samples with those containing PBS/BSA instead of 
beads. After 1 hour equilibration at room temperature 

. PBS/BSA (0.5ml) was added and the samples were centrifuged 
at 1500rpm for 10 mins at 20°c. The supernatant (0.5ml). 

was removed and radioactivity was counted in a gamma 

counter. 
Confirmation that 126I-TNF behaved similarly to the 
unlabelled material in this assay was made by performing 
the antibody titration in the presence of mixtures of 
126I-TNF and unlabelled TNF (at 25% and 751 126I~TNF) at 
the same total concentration. 
Scatchard analysis: For both antibodies, unlabelled TNF 
(100µ1, 50nM) was titrated in.duplicate, in 13 doubling 
dilutions. One sample containing PBS/BSA in place of TNF 

was included for each antibody. 126I-TNF (SOpl, 124pM) 

was added to each sample. A constant amount of antibody, · 
determined from the titration curve (SOpl, 200ng/ml) was 
then added. 
This gave the following final concentrations: antibody, 
50ng/ml; TNF, 25nM top concentration; 126I~TNF, 3lpM. 

The samples were left to equilibrate overnight and then 

treated exactly as for the antibody titration samples. 

Calculations 
Titration Curves 
Bound 126I-TNF cpm = NSB cpm - supernatant cpm 

Bound 126I-TNF cpm 
= B/T ----------

Total 126I-TNF 

NSB = non-specific absorption blank, supernatant cpm 
Total= total counts for 1

~
6 I-TNF only 
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B/T was plotted against antibody concentration and the 
appropriate antibody concentration for use in Scat~hard 
analyses was chosen at B/T a 0.6 

Scatchard analysis 
The mean of duplicate determination was used throughout 

NSB • Total cpm-NSB supernatant cpm 

Free cpm a sample cpm + NSB 

·Proportion of free TNF a Free/Total (F/T) • 

sample cpm + NSB cpm l~F/T 

------------------~ = B/F = ....-~-

Total cpm F/T 

B/F was plotted against Bound TNF to give a slope of ·-1/Kcf 

from which Kd was calculated 

RESULTS 

Dissociation constants for murine CBOOlO and CDP571 

Antibody 

Murine BTNFl 

CDP571 
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B. Competition of murine CBOOlO {Muhtnfl) and CDP571 
(GrhTNFl) with &RP-conjugated in Murine CBOOlO for 
binding to rhut.rNF 

Method 
A 96 well microtitre plate (Nunc, _Maxisorb) was coated 
with lOOµl/well TNF at O.Sµg/ml. 
Serial dilutions of murine or grafted antibody were 
prepared using PBS/11 BSA diluent, from 200µg/ml to· 
O.Olµg/ml. 50µ1 of antibody was added to each well 
followed by 50µ1 BRP-murine CBOOlO at 3 concentrations 
(0.625, 0.315 and 0~16pg/ml). Plates were incubated for 
2 hours at room temperature with agitation, washed 4 times 
with PBS and 100µ1 of TMB substrate added. 
Optical Density was measured and OD plotted against 
antibody concentration. 

Conclusions 
Curves for both murine antibody (MuhTNFl) and grafted 
antibody (GrhTNFl) are superimposable, ·indicating both 
antibodies compete with similar.affinity fo~ binding to 
'l'NF (see Figure 5). 
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Bxamle 4 
Comparison of Murine CBOOlO and CDR-qrafted CDP571. 
Antibodies in Bioassay and Animal Model Experiments 

A. Neutralisation of TNF by CB0010 and CDPS71 in the L929 
Assay 

The ability of the parent murine antibody CBOOlO (hTNFl) 
and the CDR-grafted antibody CDP571 to neutralise 
recombinant human TNF was determined using the L929 
bioassay. The assay uses the L929 mouse fibroblastoid 

cell line which is killed by TNF. fhe assay is performed 
in the presence of 1 ug/ml actinomycin D which renders the 
cells more sensitive to TNF. Serial dilution of the two 

antibodies were mixed with a constant amount of recombinant 
human TNF (100 pg/ml) and added to a L929 monolayer in 96 
well flat bottomed plates. After a 16 hour incubation 
the cells which had not been killed by TNF were revealed 
using the stain crystal violet. The apparent amount of 
TNF not neutralised (residual TNF) was determined by 
comparison with a recombinant TNF standard curve. 
Results from a representative experiment where residual 

. TNF is plotted against antibody concentration are shown in 
Figure 6. It can be seen that CBOOlO and CDP571 have 
similar neutralisation activities. 

B. Effect of CDP571 in Baboon Sepsis Model 
In this study the effect of the prior treatment with 
CDPS71 on the physiological consequences of severe sepsis 
(including_death) was assessed. Baboons were.chosen as a 

relevant species to study since CDPS71 is known to 
neutralise baboon TNF. 
Male adult baboons, Papio ursinus, weighting 20-25 kg were 
anaesthetised with ketamine hydrochloride and sodium 
pentabarbitone and instrumented for the measurement of 
blood pressure, cardiac index (by thermodilution), ECG and 
right atrial filling pressures. An infusion of either 
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saline only or antibody was then given for 120 min at a 
rate of 2.5 ml/kg/h following which _they were given a 
further 120 min infusion of live E.coli at the same· 
infusion rate. The bacterial strain used was Binshaw's 

strain B7 ([086a:61], ATCC 33985) administered whilst in 
the log growth phase at a dose of 2xl0 9 CFU/kg giving a 
plasma concentration of 2-2.5xl06 CFU/ml at the end of the 

. infusion. Following a further 120 min, animals were 
returned to their home cages, given free access to food 
and water and monitored for cardiovascular changes twice a 

day for 3 days. Al.l animals were given constant fluid 
replacement infusion of S ml/kg/h which was adjusted, 
where necessary, to maintain adequate right heart filling 
pressures. Baboons that had.died during treatment or 
that had survived the 72h experimental period, and then 
killed were post~mortemed. All major organs were 
assessed for gross macro-pathalogical damage according to 

semi-quantitative scale(+++ being the most severe). 

Animals were randomly assigned to one of 4 treatment 
groups; 

-saline only 
-CDP571 0.1 mg/kg 

-CDP571 1.0 mg/kg 
-CBOOlO 0.1 mg/kg (parent murine antibody) 

'l'he survival and cumulative organ damage scores are shown.·· 

in table .. 1. CDP57 l at 1. 0 mg /kg prevented . death and 
significantly (P<0.005) reduced the incidence of organ 
damage in this model; furthermore, these effects were 
dose-related (P<0.005). In addition, the survival rate 
and organ damage score seen with CBOOlO.were similar to 
those seen with CDP571 at the same dose, indicating.a 
maintained in vivo potency of CDP571 compared to its 
parent murine antibody. 
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CLAIMS 

1. A recombinant anti~ody molecule which has specificity 
for human TNFa. 

2. A recombinant antibody molecule according to Claim 1 
having an a~tigen binding site derived from the 
murine monoclonal antibody CB0006 (alternatively 
known as 61E71), CB0010 (alternatively known as 
hTNFl), hTNF3 or 101.4. 

3. A recombinant antibody molecule according to Claim 1 
or 2 which is a humanised antibody molecule. 

4. A humanised chimeric antibody molecule according to 
Claim 3. 

5. A CDR-grafted humanised antibody according to Claim 3. 

6. A CDR-grafted humanised antibo~y heavy chain 
according to Claim 5 having a variable region domain 
comprising huma_n acceptor framework and donor antigen 
binding regions wherein the framework comprises donor 
residues at at least one of positions 6, 23 and/or 
24, 48 and/or 49, 71 and/or 73, 75 and/or 76 and/o~ 
78 and 88 and/or 91. 

7. A CDR-grafted humanised heavy chain according to 
Claim 6 comprising donor residues at positions 23, 
24, 49, 71, 73 and 78, or at positions 23, 24 and 49. 

8. A CDR-grafted humanised heavy chain according.to 
Claim 6 comprising donor residues at positions 2, 4, 
6, 25, 36, 37, 39, 47, 48, 93, 94, 103, 104, 106 and 

107. 
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9. A CDR-grafted humanised heavy chain according to 
Claim 7 or 8, comprising donor residues at one, same 

or all of positions: 
1 and 3, 

69 (if 48 is different between donor and acceptor), 
38· and 46 (if 48 is the donor residue), 
67, 
82 and 18 (if.67 is the donor residue), 
91, and 
any one or more of 9, 11, 41, 87, 108, 110 and 112. 

10. A CDR-grafted humanised heavy chain according to any 
of Claims 5-9 comprising donor CDRs at positions 
26-35, 50-65 and 95-100 •. 

. 11. A CDR-grafted humanised antibody light chain 
according to Claim 5 having a variable region domain 
comprising human acceptor framework and donor antigen 
binding regions wherein the framework comprises donor 
residues at at least one of positions 1 and/or 3 and 
46 and/or 47. 

12. A CDR-grafted light chain according to Claim 11 · 
· comprising donor residues at positions 46 and 47. 

13. A CDR-grafted humanised antibody light chain 
according to Claim 5 having a variable region domajn 
comprising human acceptor framework_and donor antigen 
binding regions wherein the framework comprises donor 
residues at at least one of positions 46, 48, 58 and 
71. 

14. A CDR-grafted light chain according to Claim 13 
comprising donor residues at positions 46, 48, 58 and 
71. 
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15. A CDR-grafted light chain according to Claim ll or 
13, comprising donor residues at positions 2, _4, 6, 
35, 36, 38, 44, 47, 49, 62, 64-69, 85, 87, 98, 99, 
101 and 102. 

16. A CDR-grafted light chain according to Claim 15, 

comprising donor residues at one, some or all of 
positions: 
1 and 3, 
63,. 

60 (if 60 and 54 are able to fo:cm a potential 
saltbridge), 
70 (if 70 and 24 are able to form a potential 
saltbridge), 
73 and 21 (if 47 is different between donor and 
acceptor), 
37 and 45 (if 47 if different between donor and· 

acceptor) , and 

any one or more of 10, 12, 40, 83, 103 and 105. 

17. A CCR-grafted light chain according to any one of 
Claims 11-16, comprising donor CORs a~ positions 
24-34, 50-56 and 89-97. 

18. A CCR-grafted antibody molecule comprising at least 
one CCR-grafted heavy chain according to any one of 
Claims 6-10 and at least one CDR-grafted light chain 
according to any one of Claims 11-17. 

19. A CDR-grafted humanised antP>ody heavy chain having a 
variable region domain comprising human acceptor 
framework (especially EU human acceptor framework) 
and hTNFl donor antigen binding regions wherein the 
framework comprises hTNFl donor residues at positions 
12, 27, 30, 38, 46, 48, 66, 67, 69, 71, 73, 76, 83, 
89, 91 and 94. 
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20. A CDR-grafted humanised antibody light chain having a 
variable domain comprising human acceptor framework 

(especially EU human acceptor framework) and hTNFl 
donor antigen binding regions wherein the framework 
comprises hTNFl donor residues at positions 3, 42 and 
49. 

21. A CDR~grafted humanised antibody molecule comprising 
at least one CDR-grafted humanised heavy chain 
according to Claim 19 and at least one CDR-grafted 
humanised.light chain according to Claim 20. 

22. A CDR-grafted humanised antibody heavy chain having a 
variable region domain comprising human acceptor 
framework (especially KOL human acceptor framework) 
and 101.4 donor antigen binding regions wherein the 
framework comprises 101.4 donor residues at positions· 
4, 11, 23, 24, 28, 73, 77, 78, 79,·91, 93 and 94. 

23. A CDR-grafted humanised antibody light _chain having a 
variable region domain comprising human acceptor 
framework (especially REI human acceptor framework) 
and 101.4 donor residues at positions 1, 3, 4 and 73. 

24. A CDR-grafted humanised-antibody molecule comprising 
at least one CDR-grafted humanised heavy chain 
according to Claim 22 and at least one CDR-grafted 
humanised light chain according to Claim 23. 

25. A DNA sequence which codes for a heavy or light chain 
antibody molecule which has specificity for human TNFa. 

26. A DNA sequence which codes for a CDR-grafted heavy 

chain according to any one of Claims 6-10, 19 or 22, 

or a CDR-grafted light chain according to any one of 
Claims 11-17, 20 or 23. 
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27. A cloning or expression vector containing a DNA 
sequence according to Claim 26. 

28. A ho.st cell transformed with a DNA sequence according 
to Claim 27. 

29 •. A process for the production of a CDR-grafted 
antibody comprising expressing a DNA sequence 

according to Claim 25 or Claim 26 in a transformed 
host cell. 

30. A process for producing a recombinant or humanised 

anti-h'l'NFa antibody product comprising: 
(a) producing in an expression vector an operon 

having a DNA sequence which encodes an 

anti-hTNFa antibody heavy chain. 
and/or 

(b) producing in an expression vector an operon 
having a DNA sequence which encodes a 
complementary anti-hTNFa antibody light chain. 

(c) transfecting a host cell with the or each vector; 
and 

(d) culturing the transfected cell line to produce 
the anti-hTNFa antibody product. 

31. A therapeutic or diagnostic composition comprising a 
recombinant antibody molecule according to Claim 1 in. 
combination with a pharmaceutically acceptable 
carrier, diluent or excipient. 

32. A process for the preparation of a therapeutic or 
diagnostic composition comprising admixing a 
recombinant antibody molecule according to Claim 1 
together with a pharmaceutically acceptable 
excipient, diluent or carrier. 
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33. A method of therapy or diagnosis comprising 
administering an effective amount of a recombinant 

antibody molecule according to Claim 1 to a human or 
animal subject. 

·34. A recombinant antibody molecule according to Claim 1 

or a therapeutic composition according to Claim 31 
for use in the amelioration of side effects 
associated with TNF generation during neoplastic 

therapy. 

35. A recombinant antibody molecule according to Claim 1 

or a therapeutic composition according to Claim 31 
for use in the elimination or amelioration of shock 
related symptoms associated with antilymphocyte 
therapy. 

36. A recombinant antibody according to Claim 1 or a 
therapeutic composition according to Claim.31 for use 
in the treatment of multi organ failure. 

37. A recombinant antibody according to Claim 1 or a 
therapeutic composition according to Claim 31 for use 
in the treatment of sepsis or septic/endotoxic shock. 

38. A method of treatment of a human or animal subject, 
suffering from or at risk of a disorder associated 
with an undesirably high level of TNP', comprising 
administering to the subject an effective amount of a 
recombinant antibody according to Claim 1. 

39. A method according to Claim 33 or 38 comprising 
administering doses·of anti-TNF antibody product in 
the range 0.001-30mg/kg/day, preferably 
0.01-lOmg/kg/day, or particularly preferably 
O.l-2mg/kg/day. 

.. 
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9PB GRAfTrNG OF hTNF-1 

1 Eu 
htnfl 
g Eu 

Eu 
htnfl 
gEu 

3 Eu 
htnfl 
g Eu 

Light Chain Data 

DIQM'l'QSPST LSASVGDRVT ITCRASQSI ••••• lft'WLA WYQQKPGKAPR 
D:QPISQSPSS LAVSVGEKVTMS CJtSSQSLLYSlmQKNYLA. WYQOXPGQSPR 
DIMM'l'QSPST LSASVGDRV'l'IT CKSSQSLLYSNBQltBYLA WYQQltPGQAPK 

LLMYKASSLE SGVPSRFIGS GSGTEJ'TLTI SSLQPDDFAT YYCQQY!lSDS 
LL.lfWAS'l'RES GVPDRFTGS GSGTDPTLTI SSVEAEDLAV YYCQQYYDYP 
LLISWAS'l'RES GVPSRFIGS GSGTEPTLTI SSLQPDD!AT YYCQQYYDYP 

ltMFGQG Tlt'VEVKG •• (ltAPPA) 
WTPGGG SKLEIK ••••• anti human TNJ' seq from 
WTFGQG TKVE!XR •• (ltAPPA) 

framework residues changed (#=Kabat) 

chgs 3/42/48/49/83/106/lOB 

Heavy Chain Data 

Eu QVQLVQSGAE VltltPGSSVltV SCltASGGTPSRSAII WVJlQA PGQGLEWMGG 
htnf1 EVLLQQSGPE L!KPGASVRI PC1tASGXTP%DYNVD W\'KQS HGKSLQlfl.GN 
2hEug QVQLVQSGAE V!KPGSSVltV SCKASGYTPTDYHVD WVKQA PGQGLQWIGN 

Eu 
htpfl 
2hEug 

IVPMFGPPHYAQEPQG RV'l'ITADESTNTAYMELSS~SED TAFYFCAGGY 
INPNNGGTIYNQRFKG. ~T~~~SS§TAYHELRSL~SED TA~XCARSA 
INPNNGGTIYHQRFKG ~GTLTVDKSTSTAYKELSSLfSBD TAVYYCARSA 

Eu GIYSPE WGQGTLVTVSS.grp lkabat cdr chg frwk4 
WGAGT'1'VTVSS htnfl FYNNYEYFDV 

2hEUg PYNNYEYFDV WGQGT'l'VTVSS 

framework residues changed (# = kabat) 

chgs 12/27/30/38/46/48/66/67/69/71/73/76/83/89/91/94/108 

Fig. 1 
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CDR GRAPTIHG OF 101-4 

L:IGH'l' CHA:IN S'OHMARY 

1 rei DIQMTQSPSS LSASVGDRVT ITCQASQDI ••••• IKYLNW YQQTPGKAPK 
101/4 QIVLTQSPPI MSASPGEXVT H'l'CSASSSVSFMY W YQQKPGSSPR 
g1014 QIVLTQSPSS LSASVGDRVT ITCSASSSVSFMY W -YQQKPGltAPK 

2 rei LLIYEASNLQA GVPSRFSGS GSGTDYTF'l'I SSLQPEDIAT YYCQQYQSLP 
101/4 LLIYDASILAS GVPVRFSGS GSGTSYSLTI SRMEAEDVAT YYCQQWSRYS 
g1014 LLIYDASILAS GVPSRFSGS GSGTDYTLT:I SSLQPEDIAT YYCQQWSDYS 

3 rei 
1Dl/4 
g1014 

YTJ'GQGTKLQ I'l'R •• oelltech rei 
PR!l'FGGGTKLE :IKR ••••• TH:IS IS MOUSE(INSERTXON IN CDR3}JSE 
PRT7GQGTKVE IKR •• oelltech rei 

framework residues changed (#=Kabat) 

1/3/4/39/73/104/1D5/t07 

KOL 
101/4 
g1014 

HEAVY CHAIN SUMMARY 

.23 48 
QVQLVESGGG VVQPGRSLRL SCSSSGF:IFSSYAMY WVRQA PGXGLEWVAI 
BVKIEESOGG WVQPGGSMKL SCIASGPTFSHYWMN WVRQS PEXGLEWVAE 
QVQZVESGGG WVQPGRSLRL SCIASGPTFSHYWMN WVRQA PGXGLEWVAE 

71 88 
KOL IWDDGSDQHYADSVXG RFTISRDNSKN'l'LFLQHDSLRPED TGVYFCARDG 
101/4 VRLQSDHFTTBYAESVKGRFTISRDDSKSGVYLQMNNLGABD TGIYYCTPFA 
g1014 VRLQSDNFT'l'BYAESVXGRFTISRDDSltNGVYLQHDSLRPED TGVYYC'l'PFA 

KOL 
101/4 
g1014 

GBGFCSSASCFGPDY WGQGTPVTVSS •••• lltJHAN(kabat CDR 4afn) 
Y WGQGTLVTVSP ••• MOUSE seq 
Y WGQGTLVTVSS 

framework residues changed(#= Xabat) 

4/11/23/24/28/73/77/78/79/91/93/94/108 

Fig. 2. 
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61E71 

LXgHT CHAXN SUMMARY 

REI DIQM'l'QSPSS LSASVGDRV'l' ITCQASQDI ••••• IXYLH WYQQTPGKAPR 
CB6 SIVM'l'QTPXP LLVSAGDRV'l' ITCKASQSVS ffl>VA WYQQKSGQSPR 
gCB6 DIQM'l'QSPSS LSASVGDRV'l' ITCRASQSVS.NDVA · WYQQTPGRAPX 

REI LLIYEASNLQA GVPSRFSGS GSGTDY'l'FTI SSLQPED::CAT YYCQQYQSLP 
CB& VLIYBVSRRY'l' GVPDRFTGS GYGTDFTPTI TTVQAEDLAV YPCQODYSSP 
gCB6 LLIYBVSRRY'l' GVPSRPSGS GSGTDYTFTI SSLQPEDIAT YYCQQDYSSP 

REI Y'l'PGQGTXLQ ITR ••• celltech.rei(KAPPA) 
CB6 W'lTGGGTJCLE IX •••• MOUSE AB ••• REI (NO PWRKS) 
gCB6 WTFGQGTKLQ :CTR ••• grafted AB sequence 

ltOL 
CB& 
gCB6 

KOL 
CB6 
gCB6 

KOL 
CB6 
gCB6 

HEAVY CHAIN SUMMARY· 

QVQLVESGGG VVQPGRSLRL SCSSSGFIPSSYAMY WVRQA PGKGLEWVAI 
QIQLVQSGPD LKltPGE'l'VltI SC)mSGYTFTNYGHR ~QT PGKGI.JtWlmW 

· QVQLVESGGG VVQPGRSLRL SC)mSGYT!'TllYGHN WVRQA PGKGLBWHGW 

IWDDGSDQBYADSVRG RPTISRDNSICNTLFLQMDSLRPED TGVYFCARDG 
INTY'l'GEPTYDDDFRG ~PAP'8~£ASASTAYLQINNLRNED MATFFCARQE 
IN'l'YTGEP'1'YDDDFKG RFTIS~DASKN'l'LPLQHDSLRPED TGVYPC.ARQE 

GHGFCSSASCFGPDY WGQGTPVTVS.BUMAN grp3(kabat CDR defn) 
GFYAMDY WGQGTSLTVSS •• HOUSE ANTI-THP sequence 
GFYAMDY WGQGTPVTVS.grafted AB sequence 

Fig. 3 
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h'l'NF3 

LIGH'l'·CRAIN SUMMARY 

REI DIQMTQSPSS LSASVGDRVT ITCQASQDI ••••• IEYLN WYQQ'l'PGEAPX 
BTIIP'3 NIVM'?QTPKF LLVSAGDRIT I'l'CEASQSVS NOVA WYQQXPGQSPR 
gBTNP3 DIOHTQSPSS LSASVGDRV'l' ITCEASQSVS NOVA WYQQ'l'PGKAPK 

REI LLIYBASRLQA GVPSRFSGS GSGTDYTPTI SSLQPEDIAT YYCQQYQSLP 
BTHF3 LLIYYVS1i1RYT GVPDR!'TGS GYGTDFTFTI.BTVQAEDLAY YFCQQDYSSP 
gB'l'Nl'3 LLIYYVS1i1RYT GVPSR!'SGS GSGTDYTFTI SSLQPEDIAT YYCQQDYSSP 

REI YTFGQGTXLQ ITR •• (KAPPA) 
BTHF3 YTFGGGTRLB Vlt •••• MOUSE AB sequence 
gBTNF3 YTPGQGTKLQ ITR •• grafte4 sequence 

HEAVY CHA+N. SUMMARY 
KOL QVQLVESGGG VVQPGRSLRL SCSSSGPIFSSYAMY WVRQA PGKGLEWVAI 
hTNF3 RIQLVQSGPE LltKPGETVXI SC:KASGYTl"THYGMN WV'l'QA PGKGLKWMGW 
ghTN!'3 QVQLVESGGG VVQPGRSLRL SCXA~GYTFTNYGMN WVRQA PGEGLEWIL._GW 

XOL IWDDGSDQBYADSVKG RFTISRDNSKNTLFLQMDSLRPED TGVYFCARDG 
hTNF3 IHTYTGEPTYADDPXG RFAFSLETSASTAYLQINRLKHED TA'l'YFCARXE 
ghTNF3 IHTYTGEPTYADDFKG RPTIS~D~SKNTLFLQMDSLRPED TGVYFCARXE 

ltOL 
hTNF3 
gh'l'NF3 

GHGFCSSASCFGPDY WGQGTPVTVS.BtJMAN grp3 
GFYAMDY WGQGTSV'l'VSS ••• MOUSE.ANTI-TNF sequence 
GPYAMDY WGQGTPV'l'VS.graftad AB sequence 

Fig. 4 
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SPECIFICATION 

Monocfonal cantibodies recognizing human 
interleukin-2-receptor 

This invention relates generally to new hybrid 
cell lines and more specifically to hybrid cell 
lines for production of monoclonal antibody to 
an antigen found on activated human lympho-

10 cytes. the interleukin-2-receptor, to the anti
body so produced, and to therapeutic and di
agnostic methods and compositions employing 
this antibody. 

i 5 INTRODUCTION 
For many. if not all cells, the initial trigger 

for proliferation appears to be the interaction 
of growth factors with the cell surfaco growth 
factor receptor. Activarion of the growth fac-

20 tor receptor leads in turn to yet undefined 
cytoplasmic signalling systems. 

Resting T lymphocytes are long living cells 
in the G0 phaso of the cell cycle. They only 
enter proliferative cycles under antigenic stim-

25 ulation in the presence of a T cell growth 
factor. interleukin 2 (IL-2). R~!Ceptors for IL-2 
arc not detect.Ible on the i:; 1rf~~e of ·csting T 
cells. Expression of IL· .. receptors 'l'.·2R) is 
the consequence of interaction of antigen pre-

30 senting cells with tho antigen re•;eptor. As 
shown recently. ll-2 receptor e·<pression is a 
transient even ond repeated :e3timulation by 
rectins (C.sntrell, P.A., and K.,\. Smith. (1984). 
Science (Wash. DC) 224: 1312); (Osawa, H , 

35 and Oiamantstein. T. (1984). J. lmmunol. 
132:2445) or tho antigen {Re3ke·Kunz, A.B., 
O.v. Ste!dern. E. Rudo, H. Osawa and T. Di
:?~::~!!:!c::-:. (1~~1!}. J. tmmuncL 133:1356) is 
required for continuous ll·2 receptor expres-

40 sion and consequently for long term cell 
growth. 

Since. lt-2-R are expressed exclusively on 
activated lymphocytes monoclonal antibody 
(mAb) that reacts with the IL-2-R may be use-

45 ful as specific and selective immunosuppres
sive· agent. Furthermore, such antibodies may 
serve as diagnostic reagents in ordP.r to detect 
qualitatively and quantitatively activated lym
phocytes as well as neoplastic cells express-

SO ing IL-2-R. 

SUMMARY OF THE INVENTIOM 
An object of the present inv .miion is to pro

vide a composit;on of at IP.aft two monoclonal 
55 antibodies recognizing huma . :nterleukin-2-re

ceptor c;,;:::tile ,v /nh!~il. interleukin 2 induced 
tymphc-.:yto proliferation. In an preferred em
bodiment one or more of the antibodies are of 
tho lgGt class. In another preferred cmodiment 

60 the antibo.d·1 composition is capable to inhibit 
intcrleukin-2 binding to tho rP.ccptor. The pre
sent invention provides monoclonal antibodies 
of the lgG, class recognizing human inter· 
leukin-2-roceptor capable to inhibit intorleukin-

65 2 binding to tho receptor and in pat ticular 
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antibodies capable to inhibit interleukin-2 de
pendent lymphozyte proliferation. The anti· 
bodies of the present invention can be used 
for preparation· of chimeric animal-human anti-

70 bodies recognizing human interleukin-2-recep
tor wherein the constant Fe region of the im
munoglobulin is obtained from human and the 
variance Fab region is obtained·from an ani
mal. Preferably the Fab region is obtained 

75 from mice. 
The present invention further provides hybri· 

doma cell lines, characterized by the pro· 
duction of monoclonal antibodies of the lgG 1 

class recognizing human interleukin-2-receptor. 
80 Partic•Jlar preferred are the hybridoma cell lines 

having the NTCC designation number ... 
and •.... 

Human T-lymphoblasts expressing IL-2-R 
were prepared by known methods (Osawa, H., 

85 and Diamantstein, T. (1983) J. lmmunol. 
130:51.) were used to produce a mouse mo
noclonal antibody against IL-2-R by the tP.ch
nique of Kohler and Milstein (Kohler, G., and 
C. Milstein, (1975) Nature 256:495). The fu-

90 sion resulted in two hybrid clones AHT-54 
and AH·r • 107 pr<'ducing anti-lL-2-R antibodies 
of lgG 1 subclass. The hybrid clones sec~etit1g 
anti-lL-2-R antibodies were selected as pre
ferred embodiment of the present invention. 

95 Both mAb i) inhibit binding of 125J labelled 
IL-2 to ll·2~R positive human lymphocytes, ii) 
inhibit ll-2 dependent proliferation in vitro and 
iii) precipitates the identical cell surface mole
cule of 55KD, the IL-2 binding protein. Com-

100 petitive binding of AHT-54 and AHT-107 re
vealed that they recognize different epilops of 
the ll-2-R moiecule. 

AHT -107 is different from anti· Tac (Uchi
yama, T. et al., ( 1981) J. lmmunol. 126: 1398) 

105 i) because competitive inhibition studies re
vealed that they recogni1e two different epi
tops of the IL-2-R molecule; AHT-107 is also 
different from 7G7 86, .: recently published 
antihuman IL-2-R mAb (A. P.ubin, C. Kurman. 

110 E. Biddison, D. Goldman, and L. Nelson 
( 1985) Hybridoma Vol. 4:91 ). because in con
trast to 7G7 86 AHT -107 i~hibits binding of 
ll-2 to the IL-2-R as well as IL-2 dependent 
proliferation of lymphocytes. 

115 Both mAb react spei:ifically with activated 
lymphocy,c (T and 8) but not with resting 
lymphocytes or other non-lymphoid ceils . .This 
statement is based on FACS-analysis data 
(Fig. 6-11). 

120 According to previous studies in animal 
models such Ab reacting with the rat (ART-
18) and with the mouse IL-2-R (AMT-13 and 
M7 /20) has been shown to inhibit selectively 
and specifically i) local GVH-reaction (Diam-

125 antstein, T. and H. Osawa, ( 1986), Immune 
Rev. 92 in press.) ii) cardiac allograft rejection 
(l. Kirkman, E. Kelley, A. Koltun, J. Schoen, 
A. Ythier and B. Strom, { 1985), Transplanta
tion 40:719), (L. Kirkman, I.. V. Barrett, N. 

130 Gaulton, E. Kelley, A. Ythier and 8. Strom, 
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(1985), J. Exp. Med. 162: 358.) and iii) T-cell
mediated autoimmune reaction such as acute 
autoimmune encephalomyelitis and adjuvant ar
thritis induced by T-cell transfer (Wekerle, H. 

5 and T. Oiamantstein, (1986), Autoimmunity: 
Experimental and Clinical Aspects Eds: R.S. 
Schwarz, N.R. Rose. Ann. New York Acad. 
Sci .• In press.) 

The anti-lL-R monoclonal antibodies of the 
10 present invention are also useful as therapeu

tic agents in clinical syndromes which are as
sociated with pathological proliferation of IL-2 
dependent cells. Thus. for examp:a. hyperim
mune syndromes such as Host versus 

15 Graft(HvG) Graft versus Host (GvH) diseases 
and autoimmune diseases (e.g. multiples scle
rosis, autoimmune diabetis, Crohn's disease) 
may be treated. In a preferred embodiment of 
the present invention, the antHL-2-R monoclo-

20 nal antibodies are used as therapeutic agents 
directly without further modification thereof. 
Furthermore, the invention includes preparation 
of anti IL-2-R chimeric antibodies using human 
hP.avy chain of different classes and sub-

25 classes in combination with the variable region 
of the AHT -54 and AHT -107 mAb. in order 
to optimise for therapeutic use. 

Alternatively. tho antibodies may be coupled 
to drugs including cytotoxic agents. The mo-

30 nocfonal antibodies of the present invention 
are capable of recognizing specifically cells ex
pressing IL-2 receptors, inhibiting their function 
arid of eliminating them selectively. 

The monoclonal antibodies of the present 
35 invention are also useful diagnostic reagents 

for cells which contain IL-2-R either on the cell 
surface or within the cells and in body fluids. 
Thul> iJy mcuns oi the µrese1:.. :rivcm1or., csiis 
containing IL-2-R may be idenlified in samples 

40 ha'ling different kinds of cells. localization of 
IL-2-containing cells is possible in cultured ,;ell 
colonies or in tissue specimens. When used in 
this manner the monoclonal antibodies are 
preferably coupled to fluorescent, color-forrn-

45 ing sutlstanccs such as an enzyme or chromo
phor. or a radioactive substance (ELISA, RIA). 

DETAILED DESCRIPTION OF THE INVENTION 
The following description is intended to il-

50 lustrate this invention without limiting the · 
same in any manner especially with respect to 
substar.tial:y functional equivalcmts of hybrido
mas and monoclonal antibodies as described 
herein. 

55 
I. Production of mAb 
Source of IL-2-R 

IL-2-R expressing cells were prepared as de
s-;ribed using hur.ian-T-lymphoblast. Mixed hu-

60 man peripheral iJlood lymphocytes were stimu
lated with 3 mg/ml of concanavalin A (Con A) 
for 3 days. The cells were converted, treated 
with a-methyl mannoside (20 mg per ml), 
washed and used as immunogens in culture 

65 medium. Cultures were performed in Click's 
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RPMI medium (Seromed GmbH, Munchen, 
F.R.G.) supplemented with :2 x 10-3 M L-glu
tamine, 5x 10-5 M 2-mercaptoethanol, 100 U 
m1- 1 penicillin, 100µ9 m1- 1 streptomycin, and 

70 5 to 10% (v /v) fetal calf serum (FCS; batch 
No. 104; Seromed GmbH). 

Immunization, cell fusion, cloning, and pro
duction of monoclonal antibodies (mAb} · 

75 · Ten-week-old B.O.L9/c mice were primed 
with 2 x 107 T lymphoblasts. The cells were 

· injected in 0, 1 ml portions (106 cells) subcuta
neously into the footpads and into the necks 
of the mice as well as i. V. ( 107 cells in 0.5 

80 ml). Four weeks 1ater, the mice wer.e chal-
lenged i.v. with 107 T-lymphoblasts. Three 
days later, spleen cells from the immunized 
mice were fused with X63-Ag8.653 mouse 
myeloma cells in the presence of polyethylene 

85 glycol {Kohler anr:I Milstein, (1975). Nature 
256:495, as modified by Lemke H., G . .!. Ham
merling, C. Hohmann and K. Rajewsky. (1978), 
Nature 271 :249). Fused cells suspended in 
HAT medium were distributed into each well 

90 of ten 24-weil tissue culture plates ( 1 to 
2 x iu0 spleen ce:ls/well). :;;upernatants of the 
wells in which vigorous growth was observed 
after 3 to 4 wk were screened for their capa
city to bind a) human T lymphoblasts, b) 

95 mouse T lymphoblasts, and c) human thymo
cytes attached to t:'e surface of the wells of 
microtiter plates. Cesi·bour.d immunoglobulin 
was then detected by i:mv,ne·linked immuno
sorbent assay (ELISA) as described (Kincade, 

100 P.VI/., G. Lee, L. Sun, and T. Watanabe, 
( 1981 ), J. lmmunol. Methods 42: 17 .) by using 
P-galactosidase-coupled sheep F(ab'l1 <!nti
mouse 1mmunoglobulin (New England Nuclear, 
Dreieich, F.R.G.) as a second antibody. The 

105 hybridomas grown in HAT or RPMI medium 
that constantly produced antibodies binding 
specifically to human T lyrnpnoblasts were se
lected. Supernatants of growing hybridomas 
were repeatedly 1est1d and selected for hybri-

110 domas producing supernatants active in the 
functional assay (inhibition of the T-lymphob
last response to IL-2) as well as the absorp
tion assay (inhibition of the capacity of T !11m
phoblasts to ab!iorh IL 2 after preincubation). 

115 Positive hybridcmas were c!oncd by limiting 
dilution with mouse thymocytes used as a 
feeder layer. The clones were retested and 
expanded. The supernatants of the relevant 
clones were used for isolation and purification 

120 of the mAb. 

Purification of rhe mAb 
As tested in the Ouchte:-longy double immu

nodiffusion test with rabbit anti-mouse lgM, 
125 lgA, lgG 1, lgG2a, lgG2b, and lgG3 sera (Miles 

laboratories, ltd., Slough, England), the hybri
doma clone AHT-54 and AHT-107 were 
found to produce lgG 1 antibodies. Excepting 
the initi,il screening experiments, in which un-

130 pur:ri~d culture supernatants were usr:d, the 
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following experiments were pijrformed with 
purified lgG1. Purification was achieved by 
successive binding/elution from protein A-Se· 
pharose (Pharmacia Fine Chemicals) according 

5 to the method described by Ey et al, (Ey, P.L., 
S.J. Prowse and C.R. Jenkin, (1978), lmmuno
chemistry 15:429). About 600 ml of the cul· 
ture supematants, brought to pH 8.0, were 
passed over a 5 ml protein A-Sepharose col-

10 umn equilibrated in 0.1 M sodium phosphate 
buffer (pH 8.0) lgG1 was eluted from the col
umn with 0. 1 M sodium citrate buffer (pH 
6.0). The purified antibody was then dialyzed 
against a buffer containing 0.01 M HEPES (pH 

15 7.4) and 0.9% NaCl. The purity of mAb was 
confirmed by sodium dodecyl ~u!fata (SOS) 
polyacrylamide gel electrophoresis performed 
in reducing conditions as described (Laemmli, 
U.K. l 970. Cleavage of structural protei:.s 

20 during the assembly of the head of bacterio
phage T4 • Nature 227:429). The protein con
centration of the purified lgG 1 was de~ermined 
by absorption of ultaviolet light at 280 nm, 
assuming an extinction coeficient ( l % 

25 w/v:lcm) of 14, and by the method of Lowry 
et ai, 1951 (Lowry, O.H .• NJ. Rosebrogh, A.L. 
Farr, and R.J. Randall ( 1951 }. J. Biol. Chem. 
193:265.) with bovine serum albumin (BSA) 
used as the standard. 

30 Recombinant lnterleukin-2 provided from Sa-
nolez Mena was used~ 125 I-labelled recombi
nant IL-2 was produced from NEN. 

Labelling of the mAB with rzsJ 
35 MoAb were labelled with '25J according to 

McConahey and Dixon (McConahey, P.J., and 
F.J. Dixon, (1980) Methods Enzymol, 70:210). 
- .. --"· ... -- ··- _ ... ·--1 ·· ...... -· ...... ·- - - .. ; - . -i ••,.••1r• -V j,I.~ ,_., l;_j"·..I I "-':..r..:_.,_. .... ~ UI W'J ;;,.1- -.,.., 

Na 12~J(i00 mCi ml - 1• carrier-free; Amersham 
40 Buchler). Ten m:croliters of chloraminc-T (2.5 

mg m1- 1 in 0.05 M Na-P) were added to the 
mixture. After 45 sec of incubation at room 
temperature. 20 ,,1 of Na2Ss05 (3 mg ml· 1 in 
0.05 Na-P) were added to the tube. The mix-

45 ture was immediately loaded onto a 15-m: Se
phadex G-75 column (prewashed with 0.05 M 
Na-P containing 4% BSA and washed conse
cutively with 0.05 M Na-P until the eluate was 
protein-free), and the radiolabel in the ex-

50 eluded fractiC\n was collected. 

Oet.iiled descript.ion of the drawings: 
Figure 1 
lnhibirion er l!..-2 dependent human T-lymphob-

55 last proliferation by different mAbs. 
2 x 108 human T-lymphoblasts were incu

bated for 3 days in 0.2 ml of medium con
taining the indicated amounts of recor11b1.-,,mt 
IL-2 (Fig. la. 20U/ml; Fib. 1b.4U/ml) in the 

60 absence or presence of the different mAbs, 
anti-Tac (-0-). HT-54 (-6.-), AHT-107 
(-*-) and of a control mAb anti-human-TSH 
(-0-J. The cells were pulsed with 3H-thymi-
dina for the last 4 h of the incubated period. 
Incorporation of 3H-thymidine was measured 
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according to the standard procedure (Diam
antstein et al, Mo!. Immune!., (1984), 
21: 1229. 

70 Figure 2 
Synergistic action of AHT-54 and AHT-107 
mAbs on IL-2 dependent proliferation 

T-lymphoblasts were cultured with 20U/ml 
of r-ll-2 for 3 days (for detail see Fig. 1) in 

75 the presence of either AHT-54 or AHT-107 
mAB or in combination of both mAbs. 

Figure 3 
Competition for the biryding of 125 l-l.::1belfed 

80 antibodies 
2 x 106 human T blasts were first sus

pended in 100 µI of a bindiro:J buffer 
(PBS=0.5% BSA/10 mM NaN3) containing dif
ferent dilutions of the mAbs anti-Tac (-0-), 

85 AHT-54 (-6-) and AHT-107 (-*-). The sus
pensior.s were mixed with 100 µI of a 1 :40 
dilution of the 1251-labelled mAb. 

The mixtu;e was incubated for I h at 4 cc. 
The relative amount of 125 I-labelled mAb 

90 (cpm) bound to the pelleted cells was mea
sured ~~· using a gamma-rac:~tion counter 
after washing them twice with the binding 
buffer. 

95 Figure 4 

3 

Inhibition of '25 /-IL-2 binding to human T blasts 
by different mAbs 

2 x 105 human T blasts were first incubated 
for 30 min. at 37°C in 0.25 ml of a buffer 

100 (RPMI/Hepes/BSA/NaN3) containing the indi
cated amounts of different mAbs. The incuba
tion was further continued at 37°C in the 
p,c.:.ci.c.; cf ':~i-iL-2. ~i~t,;f .:..o ,·iiiu. ii 1~ iHL;uUa· 
tion mixture was centrifuged to pellet the cells 

105 and the pelleted cells were taken up in 100 µI 
of the buffer and overlaid on the oil phase 
consisting of dibutylphthalate/olive oil (10+3). 
After centrifugation the tips uf the tube con
taining the cell pellets were cut out and 

110 counted in a gamma-radiation counter. 

Figure 5 . 
SOS-PAGE analysis of immunoprecipitates with 
different mAbs 

115 2 x 107 human T blasts were surface-iodi-
nated with 0.5 mCi of Na ('251] and lysed in 
0.5 ml of the lysis butter. The lysate was 
centrifuged and preabsorbed with 1 /5 vclume 
of protein A-sepharose beads ( 10 Jill through 

120 a bridge antibody rabbit anti-mouse lgG. M!cr 
1 h at 4 °C the beads were washed three times 
with a buffer containing 50mM Tris-HCL, pH 
8.3, 450 mM NaCl, SmM Kl. 0.02% NaN3 and 
0.5 Nonidet P-40, and extracted with 100 µI 

125 of the sample buffer. 50 µI aliquots of the 
extracts were subjected to SOS-PAGE analysis 
either under non-reducing (lanes 1-6) or re
ducing (lanes 7-12) conditions. the mAbs 
used were control mouse UPC-10 ascites 

130 (lanes i & 7), anti Tac ascites (lanes 2 & 8), 
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Patent Docket P0709Pl 

J)\ ~ 
~ED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Paul J. Carter et al. 

Serial No.: 08/146,206 

Filed: November 17, 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

Group Art Unit: 1642 

Examiner: J. Reeves 

\.0 .-:-: 
SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT t.o ".~ 

:x 
C) .:c,. 0 

Assistant Commissioner of Patents 2J ::o ~:~ - .. 
• ~j 

Washington, D.C. 20231 c: °' r·· 
03/26/1999 TGRAY1 00000003 070630 08146206 ""Cl .• 

S
. ,_. -0 .... '< 

01 FC: 126 1r: 240. 00 CH ro :::2l:'. ,., .. -; 

Applicants submit herewith patents, publications or other information (attache~he~o d~~/ 
~ h_· 

listed on the attached Form PT0-1449) of which they are aware, which they believe Tflay<be 
L,> 

material to the examination of this application and in respect of which there may be a dut/to 

disclose in accordance with 37 CFR § 1.56. 

This Information Disclosure Statement: 

(a) O accompanies the new patent application submitted herewith. 37 CFR § l .97(a). 

(b) O is filed within three months after the filing date of the application or within three 
months after the date of entry of the national stage of a PCT application as set forth 
in 37 CFR§ 1.491. 

(c) O as far as is known to the undersigned, is filed before the mailing date of a first Office 
action on the merits. 

(d) O is filed after the first Office Action and more than three months after the application's 
filing date or PCT national stage date of entry filing but, as far as is known to the 
undersigned, prior to the mailing date of either a final rejection or a notice of 
allowance, whichever occurs first and is accompanied by either the fee ($240) set 
forth in 37 CFR § l. l 7(p) or a statement as specified in 37 CFR § l .97(e), as checked 
below. Should any fee be due, the U.S. Patent and Trademark Office is hereby 
authorized to charge Deposit Account No. 07-0630 in the amount of $240.00 to cover 
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the cost of this Information Disclosure Statement. Any deficiency or overpayment 
should be charged or credited to this deposit account. A duplicate of this sheet is 
enclosed. 

(e) O is filed after the mailing date of either a final rejection or a notice of allowance, 
whichever occurred first, and is accompanied by the fee ($130) set forth in 37 CFR 
§ 1.17(i) and a statement as specified in 37 CFR § l .97(e), as checked below. This 
document is to be considered as a petition requesting consideration of the 
information disclosure statement. The U.S. Patent and Trademark Office is hereby 
authorized to charge Deposit Account No. 07-0630 in the amount of $130.00 to cover 
the cost of this Information Disclosure Statement. Any deficiency or overpayment 
should be charged or credited to this deposit account. A duplicate of this sheet is 
enclosed. 

(f) (x) is filed after the mailing date of a final rejection, but a request to withdraw the 
finality thereof under 37 CFR § 1. l29(a) was submitted on August 24, 1998. The U.S. 
Patent and Trademark Office is hereby authorized to charge Deposit Account No. 
07-0630 to cover the cost of this Information Disclosure Statement in the event that 
any fees are due. A duplicate of this sheet is enclosed. 

(If either of boxes (d) or (e) is checked above, the following statement under 37 CFR § l .97(e) 

may need to be completed.) The undersigned states that: 

O Each item of information contained in the information disclosure statement was 
cited in a communication mailed from a foreign patent office in a counterpart 
foreign application not more than three months prior to the filing of this information 
disclosure statement. 

(x) No item of information contained in this information disclosure statement was cited 
in a communication mailed from a foreign patent office in a counterpart foreign 
application and, to the knowledge of the undersigned after making reasonable 
inquiry, was known to any individual designated in 37 CFR § l .56(c) more than three 
months prior to the filing of this information disclosure statement. 

A list of the patent(s) or publication(s) is set forth on the attached Form PT0-1449 (Modified). 

A copy of the items on PT0-1449 is supplied herewith: 

{x) each O none O only those listed below, 

A concise explanation of relevance of the items listed on PT0-1449 is: 

(x) not given 

O given for each listed item 

O given for only non-English language listed item(s) (Required) 
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in the form of an English language copy of a Search Report from a foreign patent 
office, issued in a counterpart application, which refers to the relevant portions of 
the references. 

The Examiner is reminded that a "concise explanation of the relevance" of the submitted 

prior art "may be nothing more than identification of the particular figure or paragraph of the 

patent or publication which has some relation to the claimed invention," MPEP §609. 

While the information and references disclosed in this Information Disclosure Statement may 

be "material" pursuant to 37 CFR § l .56, it is not intended to constitute an admission that any patent, 

publication or other information referred to therein is "prior art" for this invention unless specifically 

designated as such. 

In accordance with 37 CFR § l .97(g), the filing of this Information Disclosure Statement shall 

not be construed to mean that a search has been made or that no other material information as 

defined in 37 CFR § l .56(a) exists. It is submitted that the Information Disclosure Statement is in 

compliance with 37 CFR § l .98 and MPEP §609 and the Examiner is respectfully requested to consider 

the listed references. 

Date: March+ 1999 

l DNA Way 
So. San Francisco, CA 94080-4990 
Phone: (650) 225-1994 
Fax: (650) 952-9881 

Respectfully submitted, 

rirr&tbc By: 1 ) 
· · endy M. Lee 

Reg. No. 40,378 
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APPLICATION NO. FILING DATE 

08/146,206 11/17/93 

UNITED STA. DEPARTMENT OF COMMERCE 
Patent and Trademark Office 
Address: COMMISSIONER OF PATENTS AND TRADEMARKS 

Washington, D.C. 20231 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. 

CARTER P 709P1 

HM22/0329 1 
GENENTECH, INC. 

EXAMINER 

REEVES, .J 
1 r:•NA t,JA Y 
SOUTH SAN FRANCISCO CA 94080-4990 · ART UNIT PAPER NUMBER 

1642 

DATE MAILED: 03/29/99 

Please find below and/or attached an Office communication concerning this appllcatlon or 
proceeding. 

Commissioner of Patents and Trademarks 

PT0-90C (Rev. 2/95) 1- FIie Copy 

-U.S. GPO: 1998437~38/80022 
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• Application No. 

08/146,206 
• Applicant(s) 

Carter et al 

Office Action Summary Examiner 

Julie E. Reeves, Ph.D. 
Group Art Unit 

1642 

!XI Responsive to communication(s) filed on _A"""'u_..g._2~6,._1.;;;,.9.;;;..9...c.8 _____________________ _ 

D This action is FINAL. 

0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is closed 
in accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 O.G. 213. 

A shortened statutory period for response to this action is set to expire zero month(s), or thirty days, whichever 
is longer, from the mailing date of this communication. Failure to respond within the period for response will cause the 
application to become abandoned. (35 U.S.C. § 133). Extensions of time may be obtained under the provisions of 
37 CFR 1.136(a). 

Disposition of Claims 

!XI Claim(s) ..;.4.;;;,.3_-1....::2;;..;;B;__ ______________________ is/are pending in the application. 

Of the above, claim(s) -------------------- is/are withdrawn from consideration. 

D Claim(sl is/are allowed. ----------------------------
0 Claim(s) is/are rejected. ----------------------------
0 Claim(s) is/are objected to. 

!XI Claims 43-128 are subject to restriction or election requirement. ---------------------
Application Papers 

D See the attached Notice of Draftsperson's Patent Drawing Review, PT0-948. 

D The drawing(s) filed on ________ is/are objected to by the Examiner. 

D The proposed drawing correction, filed on is []ipproved Olisapproved. --------
0 The specification is objected to by the Examiner. 

D The oath or declaration is· objected to by the Examiner. 

Priority under 35 U.S.C. § 119 

D Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d). 

0 All O Some* D None of the CERTIFIED copies of the priority documents have been 

D received. 

D received in Application No. (Series Code/Serial Number) ---------
0 received in this national stage application from the International Bureau (PCT Rule 17. 2(a)). 

*Certified copies not received: --------------------------------
0 Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 1191e). 

Attachment(s) 

D Notice of References Cited, PT0-892 

D Information Disclosure Statement(s), PT0-1449, Paper No(s). 

!XI Interview Summary, PT0-413 (}~ ( ~ <-f.3 · 
0 Notice of Draftsperson's Patent Drawing Review, PT0-948 

D Notice of Informal Patent Application, PT0-152 

----

--- SEE OFFICE ACTION ON THE FOLLOWING PAGES ---

U. S. Patent and Trademark. Office 

PT0-326 (Rev. 9-95) Office Action Summary Part of Paper No. 48 
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• 
Application/Control Number: 08/146,206 

Art Unit: 1642 

1. Restriction is required under 35 U.S.C. 121 and 372. 

• 
Page2 

2. This application contains claims directed to more than one species of the generic 

invention. These species are deemed to lack unity of invention because they are not so linked as 

to form a single general inventive concept under PCT Rule 13 .1. 

The species are as follows: 

Species A: 4L 

Species B: 38L 

Species C: 43L 

Species D: 44L 

Species E: 46L 

Species F: 58L 

Species G: 62L 

Species H: 65L 

Species I: 66L 

Species J: 67L 

Species K: 68L 

Species L: 69L 

Species M: 73L 

Species N 85L 

Species 0: 98L 
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• 
Application/Control Number: 08/146,206 

Art Unit: 1642 

Species P: 2H 

Species Q: 4H 

Species R: 36H 

Species S: 39H 

Species T: 43H 

Species U: 45H 

Species V: 69H 

Species W: 70H 

Species X 74H 

Species Y 75H 

Species Z: 76H 

Species AA: 78H 

Species BB: 92H 

Species CC: noncovalently binds antigen directly 

Species DD: interacts with a CDR 

• 
Page3 

Species EE: comprises a glycosylation site which affects the antigen binding or affinity 

of the antibody 

Species FF: participates in the VL-VH interface by affecting the proximity or 

orientation of the VL and VH regions with respect to one another. 

Species GG 24H 
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• 
Application/Control Number: 08/146,206 

Art Unit: 1642 

Species HH 73H 

Species II 76H 

Species JJ 78H 

Species KK 93H 

• 
Page4 

Applicant is required, in reply to this action, to elect a single species to which the claims 

shall be restricted if no generic claim is finally held to be allowable. The reply must also identify 

the claims readable on the elected species, including any claims subsequently added. An argument 

that a claim is allowable or that all claims are generic is considered non-responsive unless 

accompanied by an election. 

Upon the allowance of a generic claim, applicant will be entitled to consideration of claims 

to addit~onal species which are written in dependent form or otherwise include all the limitations 

of an allowed generic claim as provided by 3 7 CFR 1.141. If claims are added after the election, 

applicant must indicate which are readable upon the elected species. MPEP § 809.02(a). 

3. The claims are deemed to correspond to the species A-BB listed above in the following 

manner: Claims 47-70 and claims 76-103 are limited to one of Species A-BB, respectively. 

Claims 107-110 are limited to one of the species CC-FF, respectively. 

The following claim(s) are generic: 

Claims 43-46, 71-75, 104-105 are generic for Species A-BB. 

Claims 106, 111-114, 128 are generic for Species CC-FF. 
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• 
Application/Control Number: 08/146,206 

Art Unit: 1642 

• 

Claims 115-118, 124-126 are generic for Species GG-KK 

Page 5 

4. The species listed above do not relate to a single general inventive concept under PCT 

Rule 13.1 because, under PCT Rule 13.2, the species lack the same or corresponding special 

technical features for the following reasons: each of the particular amino acid substitution 

positions recited in Species A-BB or GG-KK or each of the functional definitions of amino acid 

substitution changes recited in Species CC-FF result in different primary amino acid structure 

which would result in different secondary, tertiary, and quaternary structure yielding a protein 

with different biological, physiological and immunological properties, including different 

immunogenicity and antigen binding functions. Further, species EE, for example, recites the 

addition of a glycosylation site, which would involve the presence of a carbohydrate moiety and 

its affect on amino acid structure. The examination of all species would require the consideration 

of different patentability issues. 

Applicant is advised that the reply to this requirement to be complete must include an 

election of the invention to be examined even though the requirement be traversed (3 7 

CFR 1.143) . 

. 5. Applicant is reminded that upon the cancellation of claims to a non-elected invention, the 
. . 

inventorship must be amended in compliance with 37 CFR l.48(b) if one or more of the currently 

named inventors is no longer an inventor of at least one claim remaining in the application. Any 

amendment of inventorship must be accompanied by a petition under 3 7 CFR l .48(b) and by the 

fee required under 37 CFR l .l 7(i). 
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Application/Control Number: 08/146,206 

Art Unit: 1642 

• 
Page 6 

6. Any inquiry concerning this communication or earlier communications from the examiner 

should be directed to Julie E. Reeves, Ph.D. whose telephone number is (703) 308-7553. 

Julie E. Reeves, Ph.D. 
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• 
Interview Summary 

Application No. 

08/146,206 

Examiner 

• Applicant(s) 

Julie E. Reeves, Ph.D. 

All participants (applicant, applicant's representative, PTO personnel): 

Carter et al 

Group Art Unit 

1642 

( 1) Julie E. Reeves, Ph.D. 

(21 Wendy Lee 

(3) ~~~~~~~~~~~~~~~~~~-

(4) ~~~~~~~~~~~~~~~~~~-

Date of Interview ______ J;;_a;;_n_l.._, _1-'-9-'-9-'-9 _____ _ 

Type: !XI Telephonic D Personal (copy is given to D applicant D applicant's representative). 

Exhibit shown or demonstration conducted: D Yes !XI No. If yes, brief description: 

Agreement D was reached. !XI was not reached. 

Claim(sl discussed: -"a_ll-"p""'e;...n...;;.d_in_.g.__ _________________________________ _ 

Identification of prior art discussed: 
none 

Description of the general nature of what was agreed to if an agreement was reached, or any other comments: 

Applicant indicated that they intend to file a supplemental amdt. 

(A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render 
the claims allowable must be attached. Also, where no copy of the amendents which would render the claims allowable 
is available, a summary thereof must be attached.) 

1. D · It is not necessary for applicant to provide a separate record of the substance of the interview. 

Unless the paragraph above has been checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE 
LAST OFFICE ACTION IS NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW. (See MPEP 
Section 713.04). If a response to the last Office action has already been filed, APPLICANT IS GIVEN ONE MONTH 
FROM THIS INTERVIEW DATE TO FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. 

2. D Since the Examiner's interview summary above (including any attachments) reflects a complete response to 
each of the objections, rejections and requirements that may be present in the last Office action, and since the 
claims are now allowable, this completed form is considered to fulfill the response requirements of the last 
Office action. Applicant is not relieved from providing a separate record of the interview unless box 1 above 

iS alSO Checked, n _ II • Afr>#~~~ 
rX \iJ.2,-_~ ':.~~~ 
v- ' ~ ~'<r 

' ~~ 
Examiner Note: You must sign and stamp this form unless it is an attachment to a signed Office action. 

U. S. Patent and Trademark Office 

PT0-413 (Rev. 10-95) Interview Summary Paper No. 43 
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Official Document - GENENTECH, INC. 

1 DNA Wtry, Sourh San Franruco, CA 94080-4990 Tel: 650-225-7039 FM: 650-952-9881 

FAX fRANSMISSlON COVER SHEET 

Dute: April 9, 1999 

To: E.raminer /. RttvcI Groi.p An Unu: l ~2 ef US JY[O 

Fax; (703)308-+i26 

.&: U.S. Sa. No 081146,206 filtd Novmzbcr J 7, 1993 (Arrornry Docur No.: P07U9PJJ 

Sen.do-: W,-ndy M. ue 

CERTIFICATION OE EACSIMIU TRIINSMIS.'>JON 
J herJ,y «ntjy rJ.ar tlu• l"'P"'" btintflll"fim1lc u,msmintd u, th< Parrnr ,.n4 Trllli&mari: Ofjlct on r/u dare ;lw>,m htlow. 

Mn $tn1<lli 

YOU SHOULD R£C£NE 2 PAGES. JNCLUDJNG THIS COVER SHEET IF YOU DO NOT RECEIVE ALL THE PAGES. PLEASE 
- CALL 650-225,701'.I 

Cumments: 

1hc ~ :-:u.ittlpalij\6~ ~ Db,arn.k'tr.u,.,,.1w..0n«u1,.lln iNan:ti.wUCI no.,1 CL~n. INC'. _.f:qcn .s CQhl~~aJ 0t pn~ Th~ .nfutu~t.en u .n.~"1c.l 1.11,1, ia. U\c •R<l.•,,;1-uJ o. ~ttty 
r...ma:lon uiu bana.,-..•on ~ lt )~»<'~tat tf\c in~ r«.y.c-.,t. hr:.~ u ... , -:&.I! di..·!a..wnt. ct.t'~·-4!. ~u,Di..\101\. or~ ut UIC cuntrnu or \ho. t~ u~om,at.i.on ,~ ~,1-tl1 p,or..thlcd 11 ,-v .. 
,a,.C' ,~ .... c,3- mu ~ll&lC .. , aios·. pk-Ml" nct.fy - o, tdc;itio.ie ~., .o t&t ,..can m:ar,gr: rat mr 1ct...m or U\I! ~li,U,t&J.~1~ co ,.a ..a.1lQ U~ 1c-t,.nsn,,-.an .>t U1c.11 '° tl'l.1: .nurusc.a n:<',?l<r.r 
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'~'- Ci,~' . 2 
Parenr Dock.et P0709Pl C)' 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE -=tt- l{4 
1n re Application of Group Art Unit: 1042 

Paul J. Carter er al. Examiner: J. Reeves 

Serial No.: 08/146.206 .. 

Filed: November 17. 1993 

For: METHOD FOR MAKING HUMANIZED ·. 
.. 

ANTIBODIES • .. 

Response to Rastriction Requirement 

AssistonT Commissioner of Patenrs 
Washington. D.C. 20231 

Sir: 

. ., . 

Responsive to the Office Action dated March 29, 1999 and pursuant to the telephonic conversat,on 

Detween the undersigned and Examiner Reeves of today's date, Applicants hereby elect the species 

78H C-Species AA" and-Species JJ"), with traverse. Claims readable on the elected species include 

claims 72-75, 102, 104. 105, 115-118, 122 and 124-127. Applicants traverse the restriction 

requirement to the extent that 37 CFR 1.129{b)(l) states that in applications such as the present 

application {which liad been pending for at least three years as of June B. 1995 taking into account 

reference made in the applicatton under 35 use 12010 USSN 071715,272 filed June 14, 1991). Mno 

requirement for reslfict1on or for the filing of divisional applications shall be made or maintained in 

the application after June 8, , 995·. 

Date: April 9, 1999 

1 DNAWay 
So. San Francisco, CA 94080·4990 
Pnone: (650) 225·1994 
Fax: (650) 952-9881 

\, 
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Patent Docket P0709Pl 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Paul J. Carter et al. 

Serial No.: 08/146,206 

Filed: November 17, 1993 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

Group Art Unit: 1642 

Examiner: Julie Burke 

COMMUNICATION 

JUL 1 2001 

TECH CENTER 1600/2900 

As requested by Examiner Julie Burke enclosed is the specification for USSN 

07 /71 5,272 (now abandoned) which is the priority document for the above-identified patent 

application. 

Date: June 9, 1999 

1 DNA Way 
So. San Francisco, CA 94080-4990 
Phone: (650) 225-1994 
Fax: (650) 952-9881 

:::i~' 
Wendy . Lee 
Reg. No. 40,378 

Revised 110/11/951 

\ 
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r-- -------------~·-------~--------~'-~~ ----------------~ I Application No. Apµ1 ... ant(sl 

08/146,206 Carter et al 

Interview Summary Examiner 

Julie E. Burke, (Reeves), Ph.D. 

All participants (applicant, applicant's representative, PTO personnel): 

Group Art Unit 

1642 

(11 Julie E. Burke, (Reeves), Ph.D. 

(2) Wendy Lee 

(3) ------------------~ 

(4) -----------------

Date of Interview 16 Jul 1999 ----------------

Type: iX! Telephonic O Personal (copy is given to O applicant D applicant's representative). 

Exhibit shown or demonstration conducted: D Yes !XI No. If yes, brief description: 

Agreement iJ was reached. !XI was not reached. 

Identification of prior art discussed: 
none in detail 

Description of the general nature of what was agreed to if an agreement was reached, or any other comments: 

Examiner phoned to say the claims 43-44, 46-73, 75-105, 115-127 are in condition for allowance; claims 45, 74, 117 
are objected to for not further limiting the independent claims; claims 111-112 are double patenting with claims reciting 

the VH subgroup Ill heavy chain consensus region, as allowed in 08/437,642, accordingly a terminal disclaimer is 
necessary for the allowance of claims 111-112; claims 106-110, 113-114 and 128 need further prosecution. Applicant 

elected to not procede with the allowance at this time. A supplemental amdt will be filed today and an interview has 
/_)een scheduled 23rd August. 

(A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render 
the claims allowable must be attached. Also, where no copy of the amendents which would render the claims allowable 
is available, a summary thereof must be attached.) 

1. : ; It is not necessary for applicant to provide a separate record of the substance of the interview. 

Unless the paragraph above has been checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE 
LAST OFFICE ACTION IS NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW. (See MPEP 
Section 713.04). If a response to the last Office action has already been filed, APPLICANT IS GIVEN ONE MONTH 
FROM THIS INTERVIEW DATE TO FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. 

2. ! _; Since the Examiner's interview summary above (including any attachments) reflects a complete response to 
each of the objections, rejections and requirements that may be present in the last Office action, and since the 
claims are now allowable, this completed form is considered to fulfill the response requirements of the last 
Office action. Applicant is not relieved from providing a separate record of the interview unless box 1 above 
is also checked. 

Examiner Note: You must sign and stamp this form unless it is an attachment to a signed Office action. 

r,.~· 
~~er No.~--

U. S. Patent aod Trademark Office 

PT0-413 (Rev. 10-95) Interview Summary 
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1 J i/rr Official Document • GENENTECH, INC. 

1 DNA Wuy, South San Francisco. CA 94080-4990 Td: 650-225-7039 Fox: 650-952-988 l 

Date: 

To: 

Fa:r.:: 

Re: 

Sender: 

FAX TR.ANSMISSTON COVER SHEET 

July 16. 1999 

Examiner Julie Bwrke Group Art Unir: 1642 of US PTO 

(703) 308-4426 

US. Ser. No 081146.206 filed Nu .. emt>er 17. 1993 ( Alturn.ey Docket No.: P0709P I I 

Wendy M. Lee 

CE8TIF1C41'10N OF.f:ACSlMIµ: TNANSMIS~U)N 
I he,., ceni1• 1lt111 rhi• paper Is being facsimile ,,antmirred lo tit<: Po'""' and Troderrtark Ofjica o" lit~ dare'"°"'" 1:,c/LJ..,. 

end ~e 

Sigt1a.ture 
7116199 
J)a1,· . 

YOU SHOULD RECEJVF. 2 PACE(S}. INCLLJl)INC THIS COVER .SH££T. IF YOU DO NOT RECF::IVE ALI. THE PAGr:s. 
PLt:.ASE CAI.L 650-125-7030 

Comments: 

~ dcx"urh(:1111 otcomp.1n:,i11S' lhi& f.)~•m11c i:r.uu111i.,il"lt1 ~•')hTlli~ inf1.•1111."lri,,n ff'Cm CC:.Nl:l'l'l'~:r.::1-&. INC", whi.;n 1~ .;o"(i,Ji.:1llif'I M ;,,-1•1ICj':•~ Thi~ i11rQrm1uion ~ h,ri:r,ckd Ol\l) ;,,r ,~ ,r,,.11 .. 1,1,..01 
or cn1il,. n~u...::11 ~n fh1:11rnnsf"'liuiL'L• ~lt:Ct. lfy~• :i~ no.>•. •I'll.: ;,.ren&:.:t n:,:ip;,,,.,, he Q\\·~ro 1h:,1 ~1.,:v ~11~lo:;1.1n.:. ~o1~)'•"'1&, dhlril,11•lnn. ur vtc. ,.,,· ,.._~ c..,1111,,~1ili ~~fthio 1:,~~~, •nron11:,,1l'l,i i: su"'i\.'11)· 
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N0.205 !;102 

¥criW~ '{ 
. Patem Docket P0709Pl 

IN THE UNJTED ST ATES PATENT AND TRADEMARK OFFICE f { I e:, rt1 

~n re Application of Group Art Unit: 164'.! 

Paul J. Carter et al. E~amincr: J. Burke 

Serial No.: 08/146.206 

Filed: November 17, 1993 

For: METHOD FOR MAKING 
HUMANIZED ANTIBODIES 

SUEP.!--· ,rn- "' ,~ 

Assistant Commissioner of Patents 
Washington, 0.C. 20231 

Sir: 

Further to the Supplemental Amendment dated January 15, 1999. please amend the 

present application as follows: 

IN THE CLAIMS: ../ J' 
In line 3 of claims 43 and 115, please replace "further comprising an· with -·further 

comprising a Framework Rejon (FR)··. · 

In line 4 of claim 7Z' please replace "further comprises an· with .. further comprises a 

Framework Region (FR)--. 

REMARKS 

For claim precision, claims 43. 72 and l 15 now refer to a Framework Region (FR) 

substitution. which provi.des anticedence for Framework Region {FR) in the claims which 
depend thereon. 

Date: July 16. 1999 

1 DNA Way 
So. San Francisco. CA 94080-4990 
Phone: (650) 225-1994 
Fax: (650) 952,9881 

Respectfully submitted. 

'";~'Ffl~· '.NC 
By: Jw__~ 

w=e=-nd~y-:-:M:-. 7L_e_e ______ _ 

Reg. No. 40.378 

c:;.e 
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Aui•30-99 08: 04am T-274 P. 02/04 F-301 

~/ 

Pacenc Dockec PD70~< 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Paul J. Career ec al. 

For: 

No.; 08/14€,206 

November 17, 1993 

METHOD FOR MAKI~G HUMANIZED 
ANTIBODIES 

Group Arc Onie: 1644 

Examiner: Julie Burke 

rf 
I 

I 
SUPPLEMENTAL AMENDMENT 

Assis,:anc Com.~issioner of ?acencs 
Washingcon, D.C. 20231 

Sir: 

Further co the Supplement:al Amenarnenc dat:ed July 16, 1999, please 

amend i:he presen-c applica.:ion as follows: 

IN THE CI.AIMS:/ 
/ / 

can" claims 106-112, withouc preJudice. / Please 

·v 
(~' clai:m 113, line 9, afcer "one anocher", please 

,.,!~ ,~~~rein ,:he humanized variant binds ant:igen up co 

/~~more ci;hcly chan che parent ancibody binds ancigen--. 

i}ft:;it · /~'/'in claim 114, line l, please delet:e "at: leas,:". 

1.J 
) 

In claim 128, Jine 7, please inser,: --up co abou,: 3-fold-- before 

"more t:ight:ly''. 
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08/H6, 206 

REMARKS 

The undersigned confirms hav1ng mec wich Examiners Burke and 

Feisee in the interview August 23, 1999, and taKes this 

opportunicy co thank chem for the courtesies extended in that 

1nterview. 

As requested by Exam1ner Burke in the above interview, cla1ms 

113 and 128 have been revised, for claim precision, to refer 

to che humanized variant wnich binds antigen up co abouc 3-

fold better than the parent antibody. Claims 113-114 and 128 

have been revised herein xn order to facilitate allowance of 

the present application and without acquiescing in any 

rejection. Basis for the revisions of these claims is found 

on at lease page 70, lines 31-32 ana in Table 3 on page 72. 

Aside from humani2ed anc1-HER2 variants huMAb4D5-6 and 

huMAb4D5-8 1n the present application, it is noced that 

humanized Ml95 has an affinity which is about 3-fold berter 

chan the parent antibody as recited in claim 128 (see first 

line on page 1153 of Co er al. J. Imn,unol. 148: 1149-1154 

( 1992 J (of record); and Caron ec al. Cancer Research 52: 6761-

6767 ( 1992 > (of record) J. 

To avoid the obviousness-type double pa.tenting rejection of 

claim 111 over claim 47 of co-pending application USSN 

08/437,642, Applicants have cancell~d claims 111-112 herein, 

wichou~ preJudice to filing a continuing application directed 

tr,are-co. In addition, in order to simplify prosecution, and 

without acqu1escing in any obJeccion or rejection, claims 

106-110 have been cancelled. Applicants reserve the righc co 

2 
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file a continuing application directed ro claires 106-110. 

Examiner Burke suggested that claims 45, 74 and 117 be 

cancelled as not further limiting the independent claims on 

which they depend. The undersigned pointed out that, due to 

the use of the "comprising" language, claims 43, 72 and 115 

clearly encompass humanized antibody variable domains or 

antibodies with one or more Framework Region {FR) 

substitutions, wherein at least one of chose FR substitutions 

is sec forth in the group of sites in the claims. Hence, 

claims 4S, 74 and 117 are furtn~r limi~ing and need not oe 

cancelled. The Examiner then asserted chat, withouc an upper 

li1uit on che number of FR substitutions, independent claims 

43, 72 and 115 could read on a prior art antibody with an 

intact murine variable domain. Applicants respectfully 

s~bmic, in this regard, that given that these claims are 

directed to a "humanized" ant:ibody 1.1ariable domain or 

antibody, it is apparent chat the claims cannot encompass 

ancibocties wich intact murine variable domains. This is 

apparen~ from page 2, lines 29-34 and page 10, lines 27-31. 

Date: August ~, 1999 

l DNA Way 
So. San Francisco, CA 94080-4990 
Phone: (650J 225-199':! 
Fax: (650) 952-9881 

3 

Wendy M. Lee 
Reg. No. 40,378 
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APPLICATION NO. FILING DATE 

08/1 6,206 11/17/93 

' GENENTECH, INC. 
1 DNA WAY 

{ 

UNITED ST,~ DEPARTMENT OF COMMERCE 
Patent and Trademark Office 
Address: COMMISSIONER OF PATENTS AND TRADEMARKS 

Washington, D.C. 20231 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. 

CARTER p 709P1 

HM22/1124 i EXAMINER 

BURKE, .J 

SOUTH SAN FRANCISCO CA 94080-4990 ART UNIT PAPER NUMBER 

1€,42 

DATEMAILED: 11/24/99 

Please find below and/or attached an Office communication concerning this application or 
proceeding. 

Commissioner of Patents and Trademarks 

-/ 

PT0-90C (Rev. 2/95) 1· File Copy 
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o::::/ 146,206 11/17/9:3 

SERIAL NUMBER I FILING DATE I 
~I I •rs.. -

;,, - ........ 
1 DNA WAY 

,OF~ l'i .. • * 
\ I 

" .... fEH 

' • 
UNITED STATES DEPARTMENT OF COMMERCE 
Patent and Trademark Office 
COMMISSIONER OF PATENTS AND TRADEMARKS 
Washington, D.C. 20231 

0 A/FCE-1994 
p 7(1':jp 1 Vf> 

FIRST NAMED APPLICANT I ATTORNEY DOCKET NO. 

HM22/1124 
.t:11._l f'\ r'-. t:. , ._I 

SOUTH SAN FRANCISCO CA 94080-4990 EXAMINER 

1642 

ART UNIT I PAPER -
"~S7 . . . 

DATE MAILED: 

Please find below a communication from the EXAMINER in charge of this application 
Commissioner of Patents 

1. Please see attachment. 

2. Any inquiry concerning this communication should be directed to Examiner 
Julie E. Burke, nee Reeves, Ph.D, Art Unit 1642, whose telephone number 
is (703} 308-7553. 

\ 
\ 

I 

I 
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Application/Control Number: 08/146,206 

Art Unit: 1642 

/4-b.cl~~ 
BEl'1\ILEB AC'f'I6N 

• 
Page 2 

1. Since this application is eligible for the transitional procedure of 37 CFR l.129(a), and the 

fee set forth in 37 CFR 1.17(r) has been timely paid, the finality of the previous Office action is 

hereby withdrawn pursuant to 37 CFR 1.129(a). Applicant's second submission after final filed on 

8/26/98 has been entered. 

2. The amendment to claim 113, filed 8/30/97 as Amendment L, Paper no 54 is not in 

compliance with 37 CFR 1.121 because more than five words are included in the amendment to 

the claim. 

3. The application is not in compliance with the Sequence Requirements for the reasons set 

forth on the attached raw sequence listing error report. In brief, the application contains a new 

paper copy of the sequence listing containing 30 sequences, which was added by amendment G 

filed I 0/7 /97. The computer readable form of the sequences filed on the same day has only 26 

sequences. Therefore the statements on page 3 of Paper no 32 filed 10/7/97 that the paper copy 

and computer readable form are the same is not sufficient. Additionally, it is not clear which new 

sequences have been added to the application, whether these sequences are new matter or 

whether the new sequences have unique SEQ ID NO:s. 

4. Since the above-mentioned reply appears to be bona fide, and (1) in order to allow 

applicant the opportunity to amend the claims as they intend and (2) to complete the application 

with regards to Sequence Requirements, applicant is given a TIME PERIOD of ONE (1) 

MONTH or THIRTY (30) DAYS, from the mailing date of this notice, whichever is longer, 
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Application/Control Number: 08/146,206 

Art Unit: 1642 

• 
within which to supply the omission or correction in order to avoid abandonment. 

EXTENSIONS OF THIS TIME LIMIT MAY BE GRANTED UNDER 3 7 CFR I. l36(a). 

5. In an interest to complete the record of which papers have been entered in to the 

application, the following section is enclosed. 

6. Claims 1-8, 10-12, 15 and 22-42 have been canceled and claims 43-114 added by 

Amendment H filed 9/26/98 as paper no 39 along with the Shale Declaration under 1.132. 

Page 3 

7. Claims 43, 72, 104-106 and 112 have been amended by Amendment I, filed 11/6/98 as 

paper no 42. 

8. Claims 43-44, 72-73, 104-106, 113-114 have been amended and claims 115-128 added by 

Amendment J filed 1/15/99 as Paper no 44. 

9. Claims 43 and 72 have been amended By amendment K filed 7 /16/99 as paper no 51. 

10. Claims 106-112 have been canceled, claims 114 and 128 amended by amendment L field 

8/30/99 as paper no 54. Please note in view of the noncompliance with 37 CFR 1.121, the 

amendment to claim 113 has not been entered. 

11. Claims 43-105, 113-128 are pending and under examination. 

12. It is noted that the Restriction Requirement set forth in Paper no 48 mailed 3/29/99 has 

been withdrawn in view of the arguments set forth in Paper no 49 filed 4/9/99. 

13. Once the application is in compliance with the Sequence Requirements and the claims are 

amended as applicant's intended, the claims will be examined for their merits. 
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Application/Control Number: 08/146,206 

Art Unit: 1642 

• 
Page4 

14. Any inquiry concerning this communication or earlier communications from the examiner 

should be directed to Julie E. Burke, nee Reeves, Ph.D, whose telephone number is (703) 308-

7553. The examiner can normally be reached on Monday through Friday from 8:00 am to 5:30 

pm, with alternate Fridays off. If attempts to reach the examiner by telephone are unsuccessful, 

the examiner's supervisor, Paula Hutzell, can be reached on (703) 308-4310. Any inquiry of a 

general nature or relating to the status of this application or proceeding should be directed to the 

Group receptionist whose telephone number is (703) 308-0196. 

15. Papers related to this application may be submitted to Group 1600 by facsimile 

transmission. Papers should be faxed to Group 1600 via the PTO Fax Center located in Crystal 

Mall 1. The faxing of such papers must conform with the notice published in the Official Gazette, 

1096 OG 30 (November 15, 1989). The CMI Fax Center telephone number is (703) 305-7401. 

Respectfully, 

q!,k 
Julie E. Burke, nee Reeves, Ph.D. 

Primary Patent Examiner 

(703) 308-7553 
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In re Application of 

Paul J. Carter et al. 

Serial No.: 08/146,206 

Filed: November 17, 1993 

For: METHOD FOR MAKING 
HUMANIZED ANTIBODIES 

Group Art Unit: 1642 

Examiner: J. Burke 

SUPPLEMENTAL AMENDMENT AND RESPONSE TO OFFICE COMMUNICATION 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

Responsive to the communication dated November 24, 1999, please amend the present 

application as follows: 

IN THE SPECIFICATION: 1.. 

1

/ 

On page 9, line 16, please replace "(I)" wit7• )--. 

On page 9, line 16, please replace "(n)" w_r )--. 

On page 9, line 17, please replace "(I)" with-~ 

On page 62, line 3, please replace "12301 Park!/-Rockville, MD" with --10801 

University Blvd., Manassas, VA--. 

On page 84, line 3, please replace "(Rockville, MD)" with --(Manassas, VA)--. 

/ 
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Please replace the existing sequence li~pecification with the attached sequence 

listing (pages 90-105). 

IN THE CLAIMS: 

Please amend claim 113 as follows: 

113. (Twice Amended) A humanized vari nt of a non-human parent antibody which binds 

an antigen with better affinity than the par nt antibody and comprises a_ consensus human 

variable domain of a human heavy chain i munoglobulin su~group wherein amino acid 

residues forming Complementarity Determin g Regions (CDRs) thereof comprise non-human 

antibody amino acid residues, and further co prises a Framework Region (FR) substitution 

where the substituted FR residue: (a) noncoval ntly binds antigen directly; (b) interacts with 

a CDR; (c) introduces a glycosylation s.ite whic affects the antigen binding or affinity of the 

antibody; or (d) participates in the VL-VH interfa e by affecting the proximity or orientation of 

the V L and V H regions with respect to one ano er, wherein the humanized variant binds 

arent antibod binds anti en. 

---------------\----------
REMARKS 

In the above communication, the Examiner states that the amendment to claim 113 filed 

8/30/99 (Paper# 54) was not in compliance with 37 CFR 1.121. Accordingly, claim 113 is 

amended herein in a manner which complies with 37 CFR 1.121. Comments in paragraph 2 

on page 2 of the 8/30/99 amendment with respect to the amendment of claim 113 are 

incorporated herein. 

The Examiner further states in the above communication that the substitute sequence listing 

filed 10/7/97 is not in compliance with the sequence requirements. Applicants submit that 

their records indicate that the content of the CRF of the sequence listing filed 10/7/97 was 

indeed the same as the paper copy of that sequence listing filed 10/7/9?. Nevertheless, a 

replacement sequence listing (paper copy and CRF) are filed herewith. In accordance with 37 

CFR §§ 1.821 (f) and (g), the undersigned hereby states (a) that the content of the paper and 

computer readable sequence listings submitted herewith is the same; and (b) that this 

submission includes no new matter. 
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With respect to the attached sequence listing, Applicants point out that due to the 

nonprejudicial cancellation of claim 41 (which referred to SEQ ID NO's 27-30) in the 8/24/98 

amendment, SEQ ID NO's 27-30 have been removed from the sequence listing filed herewith. 

For the Examiner's convenience, Applicants will summarize here the differences between the 

presently-filed sequence listing, and the originally-filed (11/17/93) sequence listing: 

1. SEQ ID N0:4 was corrected 10/7/97 to correspond to the HUVHIII sequence in Fig. lB. 

2. SEQ ID N0:19 was corrected 6/2/94 to correspond to the niuxCD3 sequence in Fig. 5. 

3. SEQ ID N0:23 was amended 6/2/94 to correspond to the pH52-8.0 sequence in Fig. 6A. 

4. SEQ ID N0:26 was added 9/2/97 for the huxCD3vl sequence in Fig. 5. 

Corrections to the specification have been made hereinabove as follows: The symbols from Fig. 

3 have been corrected on page 9; and the ATCC address has been updated on pages 62 and 84. 

Applicants submit that no new matter is added by these amendments. 

Further prosecution on the merits is anxiously awaited. Should the Examiner have any 

questions concerning this submission, she is invited to call the undersigned at the number 

noted below. 

Date: December .;);;t, 1999 

lDNAWay 
So. San Francisco, CA 94080-4990 
Phone: ( 650) 225-1994 
Fax: (650) 952-9881 

Respectfully submitted, 

GENENTECH, INC. 

By: ~4&_ 
WendyM. Lee 
Reg. No. 40,378 

) 
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DEC 2 8 1999 t 
-; !J Sequence Listing 
~ ~ 

<f TR,qo~f>..~~ SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: Carter, Paul J. 
Presta, Leonard G. 

(ii) TITLE OF INVENTION: Method for Making Humanized Antibodies 

(iii) NUMBER OF SEQUENCES: 26 

(iv) CORRESPONDENCE ADDRESS: 
(A) ADDRESSEE: Genentech, Inc. 
{B) STREET: 1 DNA Way 
(C) CITY: South San Francisco 
(D) STATE: California 
(E) COUNTRY: USA 
(F) ZIP: 94080 

(v) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: 3.5 inch, 1.44 Mb floppy disk 
(B) COMPUTER: IBM PC compatible 
{C) OPERATING SYSTEM: PC-DOS/MS-DOS 
(D) SOFTWARE: WinPatin (Genentech) 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 08/146206 
(B) FILING DATE: 17-Nov-1993 
{C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 
(A) APPLICATION NUMBER: 07/715272 
(B) FILING DATE: 14-JUN-1991 

(viii) ATTORNEY/AGENT INFORMATION: 
{A) NAME: Lee, Wendy M. 
(B} REGISTRATION NUMBER: 40,378 
(C) REFERENCE/DOCKET NUMBER: P0709Pl 

(ix) TELECOMMUNICATION INFORMATION: 
{A) TELEPHONE: 650/225-1994 
(B) TELEFAX: 650/952-9881 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 109 amino acids 
(B} TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 10 15 

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Asn 
20 25 30 

90 

RECEIVED 
JAN O 3 2000 

TECH CENTER 1600/2~ 
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Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 

35 40 45 

Leu Leu Ile Tyr Ser Ala Ser Phe Leu Glu Ser Gly Val Pro Ser 
50 55 60 

Arg Phe Ser Gly Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr Ile 
65 70 75 

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
80 85 90 

His Tyr Thr Thr Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu 
95 100 105 

Ile Lys Arg Thr 
109 

(2) INFORMATION FOR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 120 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn Ile Lys 
20 25 30 

Asp Thr Tyr Ile His Trp Val Arg Gln.Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr 
50 55 60 

Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser 
65 70 75 

Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 
95 100 105 

Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 
110 115 120 

(2) INFORMATION FOR SEQ ID N0:3: 

{i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

91 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 10 15 

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Ser 
20 25 30 

Ser Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
35 40 45 

Leu Leu Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser 
50 55 60 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile 
65 70 75 

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
80 85 90 

Tyr Asn Ser Leu Pro Tyr Thr Phe Gly Gln Gly Thr Lys Val Glu 

Ile Lys Arg Thr 
109 

95 100 105 

(2) INFORMATION FOR SEQ ID N0:4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 120 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 
20 25 30 

Asp Tyr Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Val Ile Ser Glu Asn Gly Ser Asp Thr Tyr Tyr 
50 .55 60 

Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asp Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Asp Arg Gly Gly Ala Val Ser 
95 100 105 

Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 
110 115 120 

92 
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(2) INFORMATION FOR SEQ ID N0:5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 

• 

Asp Ile Val Met Thr Gln Ser His Lys Phe Met Ser Thr Ser Val 
1 5 10 15 

Gly Asp Arg Val Ser Ile Thr Cys Lys Ala Ser Gln Asp Val Asn 
20 25 30 

Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly His Ser Pro Lys 
35 40 45 

Leu Leu Ile Tyr Ser Ala Ser Phe Arg Tyr Thr Gly Val Pro Asp 
50 55 60 

Arg Phe Thr Gly Asn Arg Ser Gly Thr Asp Phe Thr Phe Thr Ile 
65 70 75 

Ser Ser Val Gln Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gln Gln 
80 85 90 

His Tyr Thr Thr Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu 
95 100 105 

Ile Lys Arg Ala 
109 

(2) INFORMATION FOR SEQ ID N0:6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 120 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:6: 

Glu Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly 
1 5 10 15 

Ala Ser Leu Lys Leu Ser Cys Thr Ala Ser Gly Phe Asn Ile Lys 
20 25 30 

Asp Thr Tyr Ile His Trp Val Lys Gln Arg Pro Glu Gln Gly Leu 
35 40 45 

Glu Trp Ile Gly Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr 
50 55 60 

Asp Pro Lys Phe Gln Asp Lys Ala Thr Ile Thr Ala Asp Thr Ser 
65 70 75 

93 
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Ser Asn Thr Ala Tyr Leu Gln Val Ser Arg Leu Thr Ser Glu Asp 

80 85 90 

Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 
95 100 105 

Ala Met Asp Tyr Trp Gly Gln Gly Ala Ser Val Thr Val Ser Ser 
110 115 120 

(2) INFORMATION FOR SEQ ID N0:7: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 27 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 

TCCGATATCC AGCTGACCCA GTCTCCA 27 

(2) INFORMATION FOR SEQ ID N0:8: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 31 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:8: l ~ 1/'GTTTGATCTC CAGCTTGGTA CCHSCDCCGA A 31 

~y (2) INFORMATION FOR SEQ ID N0,9, 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 22 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DES~RIPTION: SEQ ID N0:9: 

AGGTSMARCT GCAGSAGTCW GG 22 

(2) INFORMATION FOR SEQ ID N0:10: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 34 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:10: 

94 
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TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34 

(2) INFORMATION FOR SEQ ID N0:11: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 36 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:11: 

GTAGATAAAT CCTCTAACAC AGCCTATCTG CAAATG 36 

(2) INFORMATION FOR SEQ ID N0:12: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 36 base pairs 
(B} TYPE: Nucleic Acid 
{C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:12: 

GTAGATAAAT CCAAATCTAC AGCCTATCTG CAAATG 36 

(2) INFORMATION FOR SEQ ID N0:13: 

SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 36 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

SEQUENCE DESCRIPTION: SEQ ID N0:13: 

GTAGATAAAT CCTCTTCTAC AGCCTATCTG CAAATG 36 

(2) INFORMATION FOR SEQ ID N0:14: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 68 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:14: 

• 

CTTATAAAGG TGTTTCCACC TATAACCAGA AATTCAAGGA TCGTTTCACG 50 

ATATCCGTAG ATAAATCC 68 

(2) INFORMATION FOR SEQ ID N0:15: 

95 
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• 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:15: 

CTATACCTCC CGTCTGCATT CTGGAGTCCC 30 

(2) INFORMATION FOR SEQ ID N0:16: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 107 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:16: 

Asp Ile Gln Met Thr Gln Thr Thr Ser Ser Leu 
1 5 10 

Gly Asp Arg Val Thr Ile Ser Cys Arg Ala Ser 
20 25 

Asn Tyr Leu Asn Trp Tyr Gln Gln Lys Pro Asp 
35 40 

• 

Ser Ala Ser Leu 
15 

Gln Asp Ile Arg 
30 

Gly Thr Val Lys 
45 

Leu Leu Ile Tyr Tyr Thr Ser Arg Leu His Ser Gly Val Pro Ser 
50 

Lys Phe Ser Gly Ser Gly Ser Gly Thr 
65 

Ser Asn Leu Glu Gln Glu Asp Ile Ala 
80 

Gly Asn Thr Leu Pro Trp Thr Phe Ala 
95 

Ile Lys 
107 

(2) INFORMATION FOR SEQ ID N0:17: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 107 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

55 

Asp Tyr 
70 

Thr Tyr 
85 

Gly Gly 
100 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:17: 

60 

Ser Leu Thr Ile 
75 

Phe Cys Gln Gln 
90 

Thr Lys Leu Glu 
105 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 10 15 

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Ile Arg 
20 25 30 
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Asn Tyr Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 

35 40 45 

Leu Leu Ile Tyr Tyr Thr Ser Arg Leu Glu Ser Gly Val Pro Ser 
50 55 60 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr Ile 
65 70 75 

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
80 85 90 

Gly Asn Thr Leu Pro Trp Thr Phe Gly Gln Gly Thr Lys Val Glu 
95 100 105 

Ile Lys 
107 

(2) INFORMATION FOR SEQ ID N0:18: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 107 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:18: 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 10 15 

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Ser 
20 25 30 '\ ~A \,,I Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 

JU l ~ 35 •o 45 

V\,V\ Leu Leu Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro s·er 
50 55 60 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile 
65 70 75 

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
80 85 90 

Tyr Asn Ser Leu Pro Trp Thr Phe Gly Gln Gly Thr Lys Val Glu 
95 100 105 

Ile Lys 
107 

(2) INFORMATION FOR SEQ ID N0:19: 

{i} SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 122 amino acids 
(B) TYPE: Amino Acid 
{D) TOPOLOGY: Linear 

97 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:19: 

Glu Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly 
1 5 10 15 

Ala Ser Met Lys Ile Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr 
20 25 30 

Gly Tyr Thr Met Asn Trp Val Lys Gln Ser His Gly Lys Asn Leu 
35 40 45 

Glu Trp Met Gly Leu Ile Asn Pro Tyr Lys Gly Val Ser Thr Tyr 
50 55 60 

Asn Gln Lys Phe Lys Asp Lys Ala Thr Leu Thr Val Asp Lys Ser 
65 70 75 

Ser Ser Thr Ala Tyr Met Glu Leu Leu Ser Leu Thr Ser Glu Asp 
80 85 90 

Ser Ala Val Tyr Tyr Cys Ala Arg Ser Gly Tyr Tyr Gly Asp Ser 
95 100 105 

Asp Trp Tyr Phe Asp Val Trp Gly Ala Gly Thr Thr Val Thr Val 

Ser Ser 
122 

110 115 120 

(2) INFORMATION FOR SEQ ID N0:20: 

I (i) SEQUENCE CHARACTERISTICS: , r (A) LENGTH: 122 amino acids 
I (B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

~ (xi) SEQUENCE DESCRIPTION: SEQ ID N0:20: 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Ser Phe Thr 
20 25 30 

Gly Tyr Thr Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Leu Ile Asn Pro Tyr Lys Gly Val Ser Thr Tyr 
50 55 60 

Asn Gln Lys Phe Lys Asp Arg Phe Thr +le Ser Val Asp Lys Ser 
65 70 75 

Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Ser Gly Tyr Tyr Gly Asp Ser 
95 100--- 105 
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Asp Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val 

110 115 120 

Ser Ser 
122 

(2) INFORMATION FOR SEQ ID N0:21: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 122 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:21: 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 
20 25 30 

Ser Tyr Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ser Val Ile Ser Gly Asp Gly Gly Ser Thr Tyr Tyr 
50 55 60 

Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

rn1 Thr 
Ala Val Tyr Tyr Cys Ala Arg Gly Arg Val Gly Tyr Ser Leu 

95 100 105 

LA-r 
Ser Gly Leu Tyr 

Ser Ser 
122 

Asp Tyr Trp Gly Gln 
110 

(2) INFORMATION FOR SEQ ID N0:22: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 454 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

Gly Thr Leu Val Thr 
115 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:22: 

Val 
120 

Gln Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly 
1 5 10 15 

Ala Ser Val Lys Ile Ser Cys Lys Thr Ser Gly Tyr Thr Phe Thr 
20 25 30 
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Glu Tyr Thr Met His Trp Met Lys Gln Ser His Gly Lys Ser Leu 

35 40 45 

Glu Trp Ile Gly Gly Phe Asn Pro Lys Asn Gly Gly Ser Ser His 
50 55 60 

Asn Gln Arg Phe Met Asp Lys Ala Thr Leu Ala Val Asp Lys Ser 
65 70 75 

Thr Ser Thr Ala Tyr Met Glu Leu Arg Ser Leu Thr Ser Glu Asp 
80 85 90 

Ser Gly Ile Tyr Tyr Cys Ala Arg Trp Arg Gly Leu Asn Tyr Gly 
95 100 105 

Phe Asp Val Arg Tyr Phe Asp Val Trp Gly Ala Gly Thr Thr Val 
110 115 120 

Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu 
125 130 135 

Ala Pro Ser Ser Lys Ser Thr Ser Gly"Gly Thr Ala Ala Leu Gly 
140 145 150 

Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 
155 160 165 

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val 
170 175 180 

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val 
185 190 195 

' Pro 
Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn 

NvyHis 
200 205 210 

Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys 

~ Ser 

215 220 225 

Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu 
230 235 240 

Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys 
245 250 255 

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val 
260 265 270 

Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr 
275 280 285 

Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu 
290 295 300 

Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val 
305 310 315 
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Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val 

320 325 330 

Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys 
335 340 345 

Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro 
350 355 360 

Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu 
365 370 375 

Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser 
380 385 390 

Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu 
395 400 405 

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp 
410 415 420 

Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met 
425 430 435 

His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu 
440 445 450 

Ser Pro Gly Lys 
454 

\ 

(2) 

11\A, (i) SEQUENCE CHARACTERISTICS: 
VVV 1 (A) LENGTH: 469 amino acids 
{ AhY (B) TYPE: Amino Acid 
l/vv (D) TOPOLOGY: Linear 

INFORMATION FOR SEQ ID N0:23: 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:23: 

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr 
1 5 10 15 

Gly Val His Ser Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu 
20 25 30 

Val Gln Pro Gly Gly Ser Leu Arg Leu Ser Cys Ala Thr Ser Gly 
35 40 45 

Tyr Thr Phe Thr Glu Tyr Thr Met His Trp Met Arg Gln Ala Pro 
50 55 60 

Gly Lys Gly Leu Glu Trp Val Ala Gly Ile Asn Pro Lys Asn Gly 
65 70 75 

Gly Thr Ser His Asn Gln Arg Phe Met Asp Arg Phe Thr Ile Ser 
80 85 90 
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Val Asp Lys Ser Thr Ser Thr Ala Tyr Met Gln Met Asn Ser Leu 

95 100 105 

Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg Trp Arg Gly 
110 115 120 

Leu Asn Tyr Gly Phe Asp Val Arg Tyr Phe Asp Val Trp Gly Gln 
125 130 135 

Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser 
140 145 150 

Val Phe Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr 
155 160 165 

Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val 
170 175 180 

Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr 
185 190 195 

Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser 
200 205 210 

Val Val Thr Val Thr Ser Ser Asn Phe Gly Thr Gln Thr Tyr Thr 
215 220 225 

Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys Thr 
230 235 240 , 

Val Glu Arg Lys Cys Cys Val Glu Cys Pro Pro Cys Pro Ala Pro 

tr 245 250 255 

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys 
260 265 270 

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val 
275 280 285 

Val Asp Val Ser His Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr 
290 295 300 

Val Asp Gly Met Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu 
305 310 315 

Glu Gln Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu Thr Val 
320 325 330 

Val His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val 
335 340 345 

Ser Asn Lys Gly Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys 
350 355 360 

Thr Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro 
365 370 375 
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Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu 

380 385 390 

Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser 
395 400 405 

Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu 
410 415 420 

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp 
425 430 435 

Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met 
440 445 450 

His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser .Leu Ser Leu 

Ser Pro Gly Lys 
469 

455 460 465 

(2) INFORMATION FOR SEQ ID N0:24: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 214 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:24: 

Asp Val Gln Met Thr Gln Thr Thr Ser Ser Leu Ser Ala Ser Leu 
1 5 10 15 

Gly Asp Arg Val Thr Ile Asn Cys Arg Ala Ser Gln Asp Ile Asn 
20 25 30 

Asn Tyr Leu Asn Trp Tyr Gln Gln Lys Pro Asn Gly Thr Val Lys 
35 40 45 

Leu Leu Ile Tyr Tyr Thr Ser Thr Leu His Ser Gly Val Pro Ser 
50 55 60 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr Ile 
65 70 75 

Ser Asn Leu Asp Gln Glu Asp Ile Ala Thr Tyr Phe Cys Gln Gln 
80 85 90 

Gly Asn Thr Leu Pro Pro Thr Phe Gly Gly Gly Thr Lys Val Glu 
95 100 105 

Ile Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro 
110 115 120 

Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu 
125 130 135 
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Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val 

140 145 150 

Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu 
155 160 165 

Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr 
170 175 180 

Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu 
185 190 195 

Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn 
200 205 210 

Arg Gly Glu Cys 
214 

(2) INFORMATION FOR SEQ ID N0:25: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 233 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:25: 

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr 
1 5 10 15 

Gly Val His Ser Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu 
20 25 30 

Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser 
35 40 45 

Gln Asp Ile Asn Asn Tyr Leu Asn Trp Tyr Gln Gln Lys Pro Gly 
50 55 60 

Lys Ala Pro Lys Leu Leu Ile Tyr Tyr Thr Ser Thr Leu His Ser 
65 70 75 

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr 
80 85 90 

Thr Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr 
95 100 105 

Tyr Cys Gln Gln Gly Asn Thr Leu Pro Pro Thr Phe Gly Gln Gly 
110 115 120 

Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala Pro Ser Val Phe 
125 130 135 

Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser 
140 145 150 
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Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val 

155 160 165 

Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu 
170 175 180 

Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser 
185 190 195 

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val 
200 205 210 

Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr 
215 220 225 

Lys Ser Phe Asn Arg Gly Glu Cys 
230 233 

(2) INFORMATION FOR SEQ ID N0:26: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 122 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

f\/\1 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:26: 

~ Gl~ 
Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 

5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Ser Phe Thr 
20 25 30 

Gly Tyr Thr Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Leu Ile Asn Pro Tyr Lys Gly Val Thr Thr Tyr 
50 55 60 

Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Val Asp Lys Ser 
65 70 75 

Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Ser Gly Tyr Tyr Gly Asp Ser 
95 100 105 

Asp Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val 
110 115 120 

Ser Ser 
122 

-----------------------.... 
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PAGE: 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

--> 27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

RAW SEQUENCE LISTING 
PATENT APPLICATION US/08/146,206C 

1642 

DATE: 01/20/2000 
TIME: 01:04:04 

INPUT SET: S34518.raw 

This Raw Listing contains the General C "- 1 . 
Information Section and up to the first 5 ~~ T E A E Q 

SEQUENCE LISTING 

(1) General Information: 

(i) APPLICANT: Carter, Paul J. 
Presta, Leonard G. 

(ii) TITLE OF INVENTION: Method for Making Humanized Antibodies 

(iii) NUMBER OF SEQUENCES: 26 

(iv) CORRESPONDENCE ADDRESS: 

(v) 

(A) ADDRESSEE: Genentech, Inc. 
(B) STREET: 1 DNA Way 
(C) CITY: South San Francisco 
(D) STATE: California 
(E) COUNTRY: USA 
(F) ZIP: 94080 

COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: 3.5 inch, 1. 44 Mb floppy 
(B) COMPUTER: IBM PC compatible 
(C) OPERATING SYSTEM: PC-DOS/MS-DOS 
(D) SOFTWARE: WinPatin (Genentech) 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 08/146206 
(B) FILING DATE: 17-Nov-1993 
(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 
(A) APPLICATION NUMBER: 07/715272 
(B) FILING DATE: 14-JUN-1991 

(viii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: Lee, Wendy M. 
(B) REGISTRATION NUMBER: 40,378 
(C) REFERENCE/DOCKET NUMBER: P0709Pl 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: 650/225-1994 
(B) TELEFAX: 650/952-9881 

(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 

disk 
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PAGE: 2 RAW SEQUENCE LISTING 
PATENT APPLICATION US108/146,206C 

DATE: 01/20/2000 
TIME: 01:04:04 

INPUT SET: S34518.raw 
47 
48 
49 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

50 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
51 
52 Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
53 1 5 10 15 
54 
55 Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Asn 
56 20 25 30 
57 
58 Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
59 35 40 45 
60 
61 Leu Leu Ile Tyr Ser Ala Ser Phe Leu Glu Ser Gly Val Pro Ser 
62 so 55 60 
63 
64 Arg Phe Ser Gly Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr Ile 
65 65 70 75 
66 
67 Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
68 80 85 90 
69 
70 His Tyr Thr Thr Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu 
71 95 100 105 
72 
73 Ile Lys Arg Thr 
74 109 
75 
76 (2) INFORMATION FOR SEQ ID N0:2: 
77 
78 (i) SEQUENCE CHARACTERISTICS: 
79 (A) LENGTH: 120 amino acids 
80 (B) TYPE: Amino Acid 
81 (D) TOPOLOGY: Linear 
82 
83 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 
84 
85 Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
86 1 5 10 15 
87 
88 Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn Ile Lys 
89 20 25 30 
90 
91 Asp Thr Tyr Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
92 35 40 45 
93 
94 Glu Trp Val Ala Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr 
95 so 55 60 
96 
97 Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser 
98 65 70 75 
99 
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PAGE: 3 RAW SEQUENCE LISTING 
PATENT APPLICATION US/08/146,206C 

DATE: 01/20/2000 
TIME: 01:04:04 

INPUT SET: S34518.raw 
100 
101 
102 
103 
104 
105 
106 
107 
108 

Lys_Asn Thr Ala 

Thr Ala Val Tyr 

Ala Met Asp Val 

Tyr Leu Gln Met Asn 
80 

Tyr Cys Ser Arg Trp 
95 

Trp Gly Gln Gly Thr 
110 

109 (2) INFORMATION FOR SEQ ID N0:3: 
110 
111 (i) SEQUENCE CHARACTERISTICS: 
112 {A) LENGTH: 109 amino acids 
113 (B) TYPE: Amino Acid 
114 (D) TOPOLOGY: Linear 
115 

Ser 
85 

Gly 
100 

Leu 
115 

116 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 
117 

Leu Arg Ala Glu Asp 
90 

Gly Asp Gly Phe Tyr 
105 

Val Thr Val Ser Ser 
120 

118 Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
119 1 5 10 15 
120 
121 Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Ser 
122 20 25 30 
123 
124 Ser Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
125 35 40 45 
126 
127 Leu Leu Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser 
128 so 55 60 
129 
130 Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile 
131 65 70 75 
132 
133 Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
134 80 85 90 
135 
136 Tyr Asn Ser Leu Pro Tyr Thr Phe Gly Gln Gly Thr Lys Val Glu 
137 95 100 105 
138 
139 Ile Lys Arg Thr 
140 109 
141 
142 (2) INFORMATION FOR SEQ ID N0:4: 
143 
144 (i) SEQUENCE CHARACTERISTICS: 
145 (A) LENGTH: 120 amino acids 
146 (B) TYPE: Amino Acid 
147 (D) TOPOLOGY: Linear 
148 
149 {xi} SEQUENCE DESCRIPTION: SEQ ID N0:4: 
150 
151 Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
152 1 5 10 15 
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PAGE: 4 RAW SEQUENCE LISTING 
PATENT APPLICATION US108/146,206C 

DATE: 01/20/2000 
TIME: 01:04:05 

INPUT SET: S34518.raw 
153 
154 Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 
155 20 25 30 
156 
157 Asp Tyr Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
158 35 40 45 
159 
160 Glu Trp Val Ala Val Ile Ser Glu Asn Gly Ser Asp Thr Tyr Tyr 
161 so 55 60 
162 
163 Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asp Ser 
164 65 70 75 
165 
166 Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
167 80 85 90 
168 
169 Thr Ala Val Tyr Tyr Cys Ala Arg Asp Arg Gly Gly Ala Val Ser 
170 95 100 105 
171 
172 Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 
173 110 115 120 
174 
175 (2) INFORMATION FOR SEQ ID N0:5: 
176 
177 (i) SEQUENCE CHARACTERISTICS: 
178 (A) LENGTH: 109 amino acids 
179 (B) TYPE: Amino Acid 
180 (D) TOPOLOGY: Linear 
181 
182 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 
183 
184 Asp Ile Val Met Thr Gln Ser His Lys Phe Met Ser Thr Ser Val 
185 1 5 10 15 
186 
187 Gly Asp Arg Val Ser Ile Thr Cys Lys Ala Ser Gln Asp Val Asn 
188 20 25 30 
189 
190 Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly His Ser Pro Lys 
191 35 40 45 
192 
193 Leu Leu Ile Tyr Ser Ala Ser Phe Arg Tyr Thr Gly Val Pro Asp 
194 so 55 60 
195 
196 Arg Phe Thr Gly Asn Arg Ser Gly Thr Asp Phe Thr Phe Thr Ile 
197 65 70 75 
198 
199 Ser Ser Val Gln Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gln Gln 
200 80 85 90 
201 
202 His Tyr Thr Thr Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu 
203 95 100 105 
204 
205 Ile Lys Arg Ala 
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PAGE: 5 RAW SEQUENCE LISTING 
PATENT APPLICATION US108/146,206C 

DATE: 01/20/2000 
. TIME: 01:04:05 

INPUT SET: S34518.raw 
206 109 
207 
208 (2) INFORMATION FOR SEQ ID N0:6: 
209 
210 (i) SEQUENCE CHARACTERISTICS: 
211 (A) LENGTH: 120 amino acids 
212 (B) TYPE: Amino Acid 
213 (D) TOPOLOGY: Linear 
21.4 
215 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:6: 
216 
21.7 Glu Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly 
218 1 5 10 15 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 

Ala Ser Leu Lys Leu 
20 

Asp Thr Tyr Ile His 
35 

Glu Trp Ile Gly Arg 
so 

Asp Pro Lys Phe Gln 
65 

Ser Asn Thr Ala Tyr 
80 

Thr Ala Val Tyr Tyr 
95 

Ala Met Asp Tyr Trp 
110 

Ser Cys Thr Ala 

Trp Val Lys Gln 

Ile Tyr Pro Thr 

Asp Lys Ala Thr 

Leu Gln Val Ser 

Cys Ser Arg Trp 

Gly Gln Gly Ala 

241 (2) INFORMATION FOR SEQ ID N0:7: 
242 
243 {i) SEQUENCE CHARACTERISTICS: 
244 (A) LENGTH: 27 base pairs 
245 (B) TYPE: Nucleic Acid 
246 (C) STRANDEDNESS: Single 
247 (D) TOPOLOGY: Linear 
248 

Ser Gly Phe Asn Ile 
25 

Arg Pro Glu Gln Gly 
40 

Asn Gly Tyr Thr Arg 
55 

Ile Thr Ala Asp Thr 
70 

Arg Leu Thr Ser Glu 
85 

Gly Gly Asp Gly Phe 
100 

Ser Val Thr Val Ser 
115 

249 (xi} SEQUENCE DESCRIPTION: SEQ ID N0:7: 
250 

Lys 
30 

Leu 
45 

Tyr 
60 

Ser 
75 

Asp 
90 

Tyr 
105 

Ser 
120 

BIOEPIS EX. 1002 
Page 4360



...... 

PAGE: 1 

Line 

27 

Error 

e 
SEQUENCE VERIFICATION REPORT 
PATENT APPLICATION US/08/146,206C 

Original Text 

DATE: 01/20/2000 
TIME: 01:04:05 

INPUT SET: S34518.raw 

Wrong application Serial Number (A) APPLICATION NUMBER: 08/146206 
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Office Action Summary 

Application No. I Applicant(s) 

~F-(J /II// 7 ,.u' 
Examin'er ' -; - I Group Art Unit 

It./,:> 
( 

-,The MAILING DATE of this communication appears on the cover sheet beneath the correspondence address-

Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE < . ~ FROM THE MAILING DATE 
OF THIS COMMUNICATION. ~ 

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS 
from the mailing date of this communication. 

- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum cif thirty (30) days will be considered timely. 
- If NO period for reply is specified above, such period shall, by default, expire SIX (6) MONTHS from the mailing date of this communication . 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Status 

~ Responsive to communication(s) filed on __ #J_,/'--">'g,o_/._,/,.____~'r-'l~,.__ ________________ _ 
D This action is FINAL. 

D Since this application is in condition for allowance except for formal matters, prosecution as to the merits Is closed in 
accordance with the practice under Ex parte Quayle, 1935 C.D. 1 1; 453 O.G. 213. 

Disposition of Claims 

~Claim(s) f j - ( 0 ~) II? - /,2_ ~ is/are pending in the application. 

Of the above claim(s)---~------------------ is/are withdrawn from consideration. 

D Claim(s) is/are allowed. 
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D Claim(s) is/are objected to. 

D Claim(s) are subject to restriction or election 
requirement. 

Application Papers 

D See the attached Notice of Draftsperson's Patent Drawing Review, PT0-948. 

D The proposed drawing correction, filed on _______ is D approved D disapproved. 

D The drawing(s) filed on _______ is/are objected to by the Examiner. 

"'- . D !he specification is objected to by the Examiner. 

D The oath or declaration is objected to by the Examiner. 

Priority under 35 U.S.C. § 119 (a)-(d) 

D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 11 9(a)-(d). 

D All D Some* D None of the CERTIFIED copies of the priority documents have been 

D received. 

D received in Application No. (Series Code/Serial Number) _____________ _ 

D received in this national stage application from the International Bureau (PCT Rule 1 7.2(a)). 
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Art Unit: 1642 
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Page 2 

Effective February 7, 1998, the Group Art Unit location has been changed, and the 

examiner of the application has been changed. To aid in correlating any papers for this 

application, all further correspondence regarding this application should be directed to Minh-Tam 

Davis, Group Art Unit 1642. 

Since this application is eligible for the transitional procedure of 37 CFR 1.129(a), and the 

fee set forth in 37 CFR l. l 7(r) has been timely paid, the finality of the previous office action has 

been withdrawn pursuant to 37 CFR l.129(a). Applicant's amendment filed on 08/26/98 has been 

entered. 

The text of those sections of Title 35, U.S. Code not included in this action can be found 

in a prior Office action. 

Applicant cancels claims 106'."1~2, and adds new claims 115-128, which are related to 

claims 43-105, and are not new matter. 

Accordingly, claims 43-105, 113-128 are being examined. 

The following are the remaining rejections. 

REJECTION UNDER 35 USC 112 FIRST PARAGRAPH, SCOPE, NEW REJECTION 

Claims 43-105, 113-128 are rejected under 35 U.S.C. 112, first paragraph, because the 

specification, while being enabling for humanized antibody muMAb4D5, and an anti-CD3 

antibody, or variable domains thereof, comprising CDR amino acids which bind specifically to 

pl85, or CD3, does not reasonably provide enablement for any humanized antibody, or variable 
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domain thereof, comprising CDR amino acids which binds non-specifically to any antigen, 

wherein the framework region amino acids are substituted at a site selected from the group 

consisting of 4L, 38L, 43L, 44L, 58L, 62L, 65L, 66L, 67L, 68L, 69L, 73L, 85L, 98L, 2H, 4H, 

36H, 39H, 43H, 45H, 69H, 70H, 74H, and 92H, or of24H, 73H, 76H, 78H and 93H, for 

treating any chronic diseases. The specification does not enable any person skilled in the art to 

which it pertains, or with which it is most nearly connected, to make and use the invention 

commensurate in scope with these claims. 

Claims 43-105, 113-128 are drawn to a humanized antibody, or variable domain thereof, 

comprising CDR amino acids which bind an antigen, or which bind pl g5HER2. The framework 

region amino acids of said antibody or variable domain are substituted at a site selected from the 

group consisting of 4L, 38L, 43L, 44L, 58L, 62L, 65L, 66L, 67L, 68L, 69L, 73L, 85L, 98L, 2H, 

4H, 36H, 39H, 43H, 45H, 69H, 70H, 74H, and 92H, or of24H, 73H, 76H, 78H and 93H. Claim 

105 is further drawn to a humanized antibody which lacks immunogenicity upon repeated 

administration for treating a chronic disease, and wherein its non-human CDR amino acids bind an 

antigen. 

The specification discloses examples of humanized antibody muMAb4D5, anti-CD3, and 

anti-CD18 antibody, or variable domain thereof, comprising CDR amino acids which bind 

specifically to p 185, CD3, and CD 18, respectively. The substituted framework residues for the 

heavy chain of antibody muMAb4D5 are amino acids number 71, 73, 78, 93, and for the light 

chains are amino acid number 66 (table 3, and p.68). Only one humanized antibody, huMab4D5-8, 

'\~ 
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with all of the above five substitutions in the framework region binds to pl85 3-fold more tightly 

than the murine counterpart. The humanized antibodies, huMab4D5-2 and huMab4D5-3, with one 

and four substitutions in the framework region, respectively, are, however, at least I 0-fold less 

potent than the murine counterpart, having a Kd of 4.7nM and 4.4nM, respectively, as compared 

to a Kd value of 0.30nM of the murine counterpart. The substituted framework residues for the 

heavy chain of antibody anti-CD3 are amino acids number 75 and 76. Although the specification 

discloses that humanized anti-CD3 antibody enhances the cytotoxic effects of cytotoxic T cells 4-

fold against tumor cells expressing pl 85HER2, there is no disclosure in the specification concerning 

the binding affinity of the humanized anti-CD3 or anti-CD18 as compared to the murine 

counterpart. The claims however encompass any humanized antibody, without any specificity, 

binding to pl 85HERi or any antigen, with just any one of substitution at a site selected from the 

group consisting of 41, 381, 431, 441, 581, 621, 651, 661, 671, 681, 691, 731, 851, 981, 2H, 

4H, 36H, 39H, 43H, 45H, 69H, 70H, 74H, and 92H, of24H, 73H, 76H, 78H and 93H. The 

claims further encompass any humanized antibody for treating any chronic disease. 

One cannot extrapolate from humanizing one antibody, which binds to p185HERi 3-fold 

more tightly than the murine counterpart, to humanizing any antibody, wherein its affinity would 

be up to 3-fold or at least 3-fold more tightly than the murine counterpart, or wherein its affinity 

would be still intact for therapeutic purposes. In addition, one cannot extrapolate from 

humanizing an anti-pl85 antibody by substitution at all five framework amino acids number H7I, 

H73, H78, H93 and 166 in an anti-p185 antibody, or from humanizing an anti-CD3 antibody by 
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substitution at both framework amino acids number H75 and H76 in an anti-CD3 antibody, with 

humanizing any antibody by substitution at only any one amino acid selected from the group 

consisting of 4L, 38L, 43L, 44L, 58L, 62L, 65L, 66L, 67L, 68L, 69L, 73L, 85L, 98L, 2H, 4H, 

36H, 39H, 43H, 45H, 69H, 70H, 74H, and 92H, or of24H, 73H, 76H, 78H and 93H. Patent 

'10 I teach that different antibodies require different combinations of different substitutions in the 

light chain and heavy chain (table I). Even the specification discloses that only one variant, 

huMab4D5-8, wherein all five framework amino acids number H71, H73, H78, H93 and L66 are 

substituted, binds to pI85 3-fold more tightly than the murinecounterpart. Other variants, with 

only one or even four substitutions have much less binding affinity than the murine 

counterpart(table 3). Thus it is unpredictable that substitution at only one framework amino acid 

in any antibody, or any kind of combination of framework amino acid substitutions would result 

in a humanized antibody that binds to its antigen 3-fold more tightly than its murine counterpart, 

or retains adequate affinity for therapeutic purposes. The specification does not disclose whether 

subtitution at only one of the claimed amino acid positions would produce a humanized antibody 

that has 3-fold more in affinity as the murine counterpart, or retains adequate affinity for 

therapeutic purposes. The specification does not disclose which combination of what substituted 

framework amino acids, other than H71, H73, H78, H93 and L66 for anti-pl85 antibody, and 

H75 and H76 in anti-CD3 antibody would produce a humanized antibody that has 3-fold more in 

affinity as the murine counterpart, or retains adequate affinity for therapeutic purposes. It is well 

known in the art that not any substitution at any amino acids would produce a humanized 
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antibody having an affinity similar to the murine counterpart, unless it is tested by binding assays. 

The specification provides insufficient guidance with regard to the issues raised above and 

provides no working examples which would provide guidance to one skilled in the art and no 

evidence has been provided which would allow one of skill in the art to make the claimed 

humanized antibodies with a reasonable expectation of success. In view of the above, one of skill 

in the art would be forced into undue experimentation to practice the claimed invention. 

Moreover, a humanized antibody that does not have a specificity for a particular antigen 

is of little practical use for treating a chronic disease, because said antibody would not target to 

the target tissues. In addition, although the specification discloses that murine anti-pl8SHER2 

antibody has been suceessfully used in treating tumor cell growth in culture (p.5), p I 85HER2 and 

CD-3 are not specific for any tissues responsible for chronic disease, e.g. chronic headache, 

chronic lung inflammation, or chronic kidney disease. The specification does not disclose how to 

treat any chronic disease using the ylaimed humanized antibody. In the absence of a teaching of a 

method of treating any chronic disease, using the claimed humanized antibody, one of skill in the 

art would be forced into undue experimentation to practice the claimed invention. 

REJECTION UNDER 35 USC 102, NEW REJECTION 

I. New claims 115-117, 123,127 are rejected under35 USC 102(e)or I02(b)pertainingto 

anticipation by PN=S,530,101 or Queen et al, 1989, PNAS, USA, 86: 10029-10033. 

1 

BIOEPIS EX. 1002 
Page 4368



e 
Application/Control Number: 08/146206 

Art Unit: 1642 

• 
Page 7 

Claims 115-117, 123, 127 are drawn to a humanized antibody or its heavy chain variable 

domain comprising non-human CDR amino acids, and a framework region amino acid wherein 

amino acid position 93H is substituted, utilizing the numbering system of Kabat, and wherein the 

substituted residue is the residue found in the corresponding location of the non-human antibody. 

PN=5,530,101, teach humanized anti-Tac antibody, wherein amino acid 93 is substituted 

in heavy chain, using the aligned Kabat Eu sequence to provide the framework for the humanized 

antibody (column 45). 

Queen et al, PNAS, teach humanized anti-Tac antibody, wherein amino acid 93 is 

substituted in heavy chain, using the aligned Kabat Eu sequence to provide the framework for the 

humanized antibody (figure 2). 

Since anti-Tac antibody is a mouse antibody, its inherent heavy chain variable domain 

would comprise non-human CDR amino acids. Thus the humanized antibody and its heavy chain 

variable domain taught by patent '101 or Queen et al is the same as the claimed invention. 

2. Claims 43, 44, 48, 55, 67, 71, 10?, 115-117, 120, 127 are rejected under 35 USC 102(e) 

pertaining to anticipation by PN=S,530,101. 

It is noted that PN=5,530,101 is filed on Sept, 1990, which is within a year before the 

claimed filing date of 06/14/91. 

Claims 43, 44, 48, 55, 67, 71, 105, 115-117, 120, 127 are drawn to a humanized antibody 

or its heavy chain variable domain comprising non-human CDR amino acids, and a framework 

region amino acid wherein amino acid position 38L, 67L, 69H, 73H or 93H is substituted, 
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utilizing the numbering system of Kabat, and wherein the substituted residue is the residue found 

in the corresponding location of the non-human antibody. Claim 105 is further drawn to said 

humanized antibody which lacks immunogenicity compared to a non-human parent antibody upon 

repeated administration to a human patient. 

PN=5,530,I01 teaches humanized antibodies, wherein amino acid 38 or 67 are substituted 

in light chain (table 1, antibody Fd79 and M195, respectively), and amino acid 69, 73 or 93 is 

substituted in heavy chain (table 1, antibody CMV5, mik-beta-1, and Fd138-80, respectively), 

using the aligned Kabat Eu sequence to provide the framework for the humanized antibody. The 

humanized antibodies in table 1 would comprise non-human CDR amino acids (Summary). Patent 

'101 further teaches that the humanized antibodies will be substantially non-immunogenic in 

humans (Abstract). Thus the humanized antibody taught by patent '101 and its variable domain is 

the same as the claimed invention. 

REJECTION UNDER 35 USC 102 

1. Claim 128 is rejected under 35 USC I02(e) as being anticipated by PN=5,530,I01, for 

the same reasons set forth in paper No.27 for the rejection of previous claims 23-24. 

Applicant amends the claim 128 to read that the humanized antibody binds the antigen up 

to about 3-fold more tightly than the parent antibody. The language "up to" 3-fold reads on 

anything below 3-fold. Thus the structure and binding affinity of the claimed humanized antibody 

is the same as that of the humanized antibody taught by 'IO 1. 
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2. Claim 113 is rejected under 35 USC 102(e) as being anticipated by PN=5,693,762, for the 

same reasons set forth in paper No.27 for the rejection of previous claims 22-25, 38 and 39. 

Applicant argues that the "consensus sequence" in '762 is the most homologous sequence 

from a single human immunoglobulin, and is thus different from the consensus sequence of the 

claimed invention. 

Applicant's arguments set forth in paper No. 39 have been considered but are not deemed 

to be persuasive for the following reasons: 

Although '762 uses the most homologous sequence from a single human immunoglobulin 

as an example, '762 also teach that as a principle, a framework is used from either a human 

immunoglobulin which is unusually homologous to the donor immunoglobulin, or a consensus 

framework from many human antibodies is used (column 13, first paragraph, lines 4-7). Thus the 

consensus sequence taught by '762 is the same as the claimed consensus sequence, as defined by 

the specification, i.e. the most frequently occurring amino acids, ~ased on immunoglobulin of a 

particular species (p.14). 

REJECTION UNDER 35 USC 103 

Claims 113, -115-118, 123, 127-128 are rejected under 35 USC 103 as being unpatentable 

over US PN=5,693, 762 in view of Kabat et al, for the same reasons set forth in paper No:27, for 

the rejection of previous claims 26-36 and 40-41. 

Applicant argues as follows: 
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The rejection is made using hindsight reconstruction of the present invention. Patent '762 

actually teaches away from the invention. The term "consensus framework" from '762 patent was 

not intended to refer to a sequence representing the most frequently occurring amino acids in the 

present invention. Furthermore, Kabat et al do not use the term "consensus", but rather 

"occurrences of most common amino acid". Thus there is no motivation to combine "consensus 

framework" from '762 patent with "occurrences of most common amino acid", especially the 

term "consensus framework" from '762 patent was not intended to refer to a sequence 

representing the most frequently occurring amino acids. Moreover, the present invention produces 

humanized antibodies with unexpected results, such as 1) lack of significant immunogenecity, as 

disclosed in the Declaration by Dr. Shak, 2) higher increase in binding affinity as compared to that 

of humanized antibodies known in the art, and 3) the same consensus sequence could be used to 

generate many different strong affinity humanized antibodies. 

Applicant's arguments set forth in paper No. 39 have been considered but are not deemed 

to be persuasive for the following reasons: 

Although '762 uses the most homologous sequence from a single human immunoglobulin 

as an example, '762 also teach that as a principle, a framework is used from either a human 

immunoglobulin which is unusually homologous to the donor immunoglobulin, or use a consensus 

framework from many human antibodies is used (column 13, first paragraph, lines 4-7). Thus 

·the consensus sequence taught by '762 is the same as the claimed consensus sequence, as defined 

by the specification, i.e. the most frequently occurring amino acids, based on immunoglobulin of a 

\~ 
\ 
\ 
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particular species (p.14). It is only Applicant's interpretation that the term "consensus 

framework" from '762 patent was not intended to refer to a sequence representing the most 

frequently occurring amino acids in the present invention. Furthermore, although Kabat et al do 

not use the term "consensus", but rather "occurrences of most common amino acid", one oL 

ordinary skill in the art would readily understand that " a consensus sequence" from many 

antibodies is a sequence that occurs most frequently. 

In addition, .In re Kerkhoven (205 USPQ 1069, CCPA 1980) summarizes: 

"It is prima facie obvious to combine two compositions each of which is taught by prior 

art to be useful for same purpose in order to form third composition that is to be used for very 

same purpose: idea of combining them flows logically from their having been individually 

taught in prior art. " . 

Applicant asserts that the claimed humanized antibodies are not obvious in view of 

the cited references because the cited prior art does not suggest such a combination. 

However, the instant situation is amenable to the type of analysis set forth in In re 

Kerkhoven,205 USPQ 1069 (CCPA 1980) wherein the court held that it is prima facie obvious 

to combine two compositions each of which is taught by the prior art to be useful for the same 

purpose in order to for a third composition that is to be used for the very same purpose since 

the idea of combining them flows logically from their having been individually taught in the 

prior art. Applying the same logic to the instant claims, given the teaching of the prior art 

that as a principle, a framework is used from either a human immunoglobulin which is unusually 
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homologous to the donor immunoglobulin, or a consensus framework from many human 

antibodies is used, and the structures of sequences that are most commonly occurred among 

many antibodies, it would have been obvious to humanize antibodies as taught by patent '762, 

using the most commonly occurred sequences taught by Kabat et al, because the idea of doing 

so would have logically followed from their having been individually taught in the prior art, 

and because patent '762 teaches the use of "consensus sequence", for the same purpose of 

producing humanized monoclonal antibodies for therapeutic purposes. One of ordinary skill in 

the art would have motivated to make humanized antibodies using the methods taught by '762 

and the sequences taught by Kabat et al with a reasonable expectation of success. In addition, the 

arguments that the claimed invention is unexpected are not applicable, because the claims are 

broad, and drawn to any antibodies, and not specifically the claimed antibodies, wherein their 

specific target antigens, and their binding properties are not disclosed in the claims. 

Any inquiry concerning this communication or earlier communications from the examiner 

should be directed to Minh-Tam B. Davis whose telephone number is (703) 305-2008. The 

examiner can normally be reached on Monday-Friday from 9:30am to 3:30pm, except on 

Wesnesday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 

Tony Caputa, can be reached on (703) 308-3995. The fax phone number for this Group is 

(703) 308-4227. 

, 
I 

\ 
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Any inquiry of a general nature or relating to the status of this application or proceeding 

should be directed to the Group receptionist whose telephone number is (703) 308-0916. 

Minh-Tam B. Davis 

October 13, 2000 
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m Application of 

Paul J. Carter et al. 

Serial No.: 

Filed: 

,.08/146, 206 

November 17, 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

Group Art Unit: 1642 

Examiner: M. Davis 

CERTIFICATE OF MAILING 
I hereby certify that this correspondence is being deposited 
with the United States Postal service with sufficient postage 
as first class mail in an envelope addressed to: Assistant 
Commissioner of Patents, Washington, D.C. 20231 on i.!~ 20Ql t~Q) 

Wendy M. Lee 

:::n 

AMENDMENT UNDER 37 C.F.R. §1.111 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

Responsive to the Office Action dated 10/25/00, reconsideration of the 

present application is respectfully requested in view of the following 

amendments and remarks. A request for a 3 month extension of time and 

the requisite fee accompany this amendment. 

IN THE CLAIMS: 

~lease amend claims 113 and 114 as follows: 

113. (Amended) A humanized variant of a non-human g rent antibody which 

binds an antigen and comprises a consensus huma variable domain of a 

human heavy chain immunoglobulin subgroup wh ein amino acid residues 

forming Complementarity Determining Regio (CDRs) thereof comprise 

non-human antibody amino acid residues, an- further comprises a Framework 

Region (FR) substitution where substituted FR residue: (a) 

noncovalently binds antigen direct (b) interacts with a CDR; (c) 

introduces a glycosylation site hich affects the antigen binding or 

affinity of the antibody; or 

affecting the proximity or 

participates in the VL-VH interface by 

of the VL and VH regions with 
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iJ ~y respect to 

fr b> 
I\').. ],J(il·. (Amended) Tpe humanized,..y_ariant of claim :iktf which binds the antigen 
~ .,. Up to l~ -t""- ~ · .. .t:I\"" ~- •.µ.. (»,V ~~ 3-fold more /\.tiglr

1

ffy 'thani\'t:Me parent antibody binds antigen. 
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Claims 

have been amended. Attached hereto is a marked-up version of the changes 

made to the claims by the current amendment. The attached page is 

captioned "Version with Markings to Show Changes Made". 

Claim 113 no longer requires that the humanized variant bind antigen with 

better affinity than the parent antibody, up to about 3-fold tighter 

binding than the parent antibody. Hence, claim 114 has been amended 

herein to depend on claim 128, which claim requires that the humanized 

variant bind antigen more tightly than the parent antibody. 

Prosecution Historv of the Present Application 

Applicants first wish to express their concern about the undue prejudice 

to them due to the repeated transfer of this case from patent examiner 

to patent examiner, and to explain that this is a case which has thrice 

previously been indicated to be in condition for allowance. 

The case was originally with Examiner Adams, then was transferred to 

Examiner Nolan. In the 8/13/98 interview, Examiner Nolan indicated that 

unexpected results would overcome the 103 rejection based on Queen Patent 

5,693,762 (hereinafter "the '762 patent") . An amendment was filed 

8/24/98 presenting the unexpected results. Shortly thereafter, the case 

was transferred to the present Examiner. Pending claims 43-114 were 

discussed in an interview on 10/16/98 between the undersigned, the 

present Examiner and Examiner Feisee at which time the only outstanding 

issue in the case related to the clarity of the terms "binding of CDR" 

and "significant immunogenicity". An amendment was filed 11/6/98 

addressing those issues. The case was then transferred to Examiner 

Reeves, who issued a restriction requirement 3/29/99 at that late stage 

in prosecution. In an 8/23/99 interview, Examiners Reeves/Burke and 

Feisee indicated that the case would be in order for allowance with the 

filing of a terminal disclaimer for claim 111 and addition of an upper 

limit to affinity in claims 113 and 128. Claims 113 and 128 were amended 

as suggested by the Examiners and claim 111 was canceled to avoid the 
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obviousness-type double patenting rejection (see 8/30/99 amendment). Now 

the case has been transferred yet again to the present Examiner and 

prosecution has been re-opened on a case that was indicated to be in 

condition for allowance three times previously. 

To the extent that any issues remain following entry of this amendment, 

Applicants specifically request an interview with the present Examiner 

and her supervisor to discuss this case so as to ensure speedy resolution 

of the issues and allowance of the application. It is noted that this 

is a pre-GATT case and two 129(a) responses have previously been filed. 

Section 112, first paragraph, Scope, New Rejection 

Claims 43-105 and 113-128 are rejected under 35 USC Section 112, first 

paragraph on the basis that the specification, while being enabling for 

humanized antibody muMAb4D5 and an anti-CD3 antibody, or variable domains 

thereof, "does not reasonably provide enablement for any humanized 

antibody, or variable domain thereof, comprising CDR amino acids which 

binds non-specifically to any antigen, wherein the framework region amino 

acids are substituted at a site selected from the group consisting of 4L, 

38L, 43L, 44L, 58L, 62L, 65L, 66L, 67L, 68L, 69L, 73L, 85L, 98L, 2H, 4H, 

36H, 39H, 43H, 45H, 69H, 70H, 74H and 92H, or of 24H, 73H, 76H, 78H and 

93H, for treating any chronic disease." 

The Examiner contends that the specification discloses examples of 

humanized muMAb4D5, anti-CD3 and anti-CD18 antibodies or variable domains 

thereof; that the substituted FR residues for muMAb4D5 are 71H, 73H, 78H, 

93H and 66L; and that only one humanized antibody (huMAb4D5-8) with all 

the above five substitutions binds to p185 3-fold more tightly than the 

murine counterpart. The Examiner further contends that the substituted 

framework residues for the heavy chain of antibody anti-CD3 are FR 

residues 75 and 76, and that there is no disclosure concerning the 

binding affinity of the humanized anti-CD3 or anti-CD18 as compared to 

the murine counterpart. The Examiner contends that one cannot 

extrapolate from humanizing one antibody, which binds to p185HERZ 3-fold 

more tightly than the murine counterpart, to humanizing any antibody, 
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wherein its affinity would be up to 3-fold or at least 3-fold tighter 

than the murine counterpart, or wherein its affinity would still be 

intact for therapeutic purposes. The Examiner further argues that one 

cannot extrapolate from humanizing an anti-p185 antibody by substitution 

of all five FR residues at positions 71H, 73H, 78H, 93H and 66L in an 

anti-p185 antibody, or from humanizing an anti-CD3 antibody by 

substitution at both framework residues 75H and 76H, with humanizing any 

antibody by substitution at only one amino acid residue selected from the 

group consisting of 4L, 38L, 43L, 44L, SSL, 62L, 65L, 66L, 67L, 68L, 69L, 

73L, SSL, 98L, 2H, 4H, 36H, 39H, 43H, 45H, 69H, 70H, 74H and 92H, or of 

24H, 73H, 76H, 78H and 93H. The Examiner opines that the specification 

does not disclose whether substitution at only one of the claimed amino 

acid positions would produce a humanized antibody that has 3-fold more 

affinity, or which combination of what substituted FR residues (other 

than 71H, 73H, 78H, 93H and 66L for an anti-p185 antibody or 75H and 76H 

in an anti-CD3 antibody) would produce a humanized antibody that has 3-

fold more affinity than the murine 

affinity for therapeutic purposes. 

counterpart, or 

The Examiner 

retains adequate 

contends that a 

humanized antibody that does not have specificity for a particular 

antigen is of little practical use for treating a chronic disease and 

that the specification does not disclose how to treat any chronic disease 

using the claimed humanized antibody. 

Applicants submit that claims 43-105 and 113-128 are enabled by the 

present application. 

First, Applicants point out that none of the claims (other than claim 

114) require that the humanized antibody bind antigen about 3-fold more 

tightly than the parent antibody binds antigen, as the Office Action 

seems to imply. The independent claims herein merely recite that the 

humanized antibody variable domain comprises CDR residues which bind an 

antigen (claims 43, 104 and 115); the antibody comprising the humanized 

antibody variable domain binds p185HERZ (claim 72); the humanized antibody 

comprises CDR residues which bind an antigen (claim 105); the humanized 

variant bind antigen (claim 113 herein); or the humanized variant bind 
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antigen more tightly than the parent antibody - up to about 3-fold more 

tightly than the parent antibody (claim 128). 

Second, Applicants submit that the claims herein encompass the humanized 

variable domain or antibody having at least one of the FR substitutions 

specified, but optionally having further FR substitution(s)_ in order to 

improve affinity to a level at which an antibody comprising the variable 

domain is able to bind antigen. 

Finally, Applicants wish to clarify some issues concerning the Office's 

characterization of the working examples. First, it is noted that 

Example 1 actually describes several humanized anti-p185HERZ variants with 

FR substitution(s) as set forth in the claims herein: huMAb405-2, 

huMAb4D5-3, huMAb4D5-4, huMAb4D5-5, huMAb4D5-6, huMAb4D5-7, huMAb4D5-8 

(Table 3 on page 72). Thus, it is clear that this example teaches 

humanized variants which do not include substitution of all of FR 

residues 71H, 73H, 78H, 93H and 66L. Each of these FR substitution 

variants bound antigen with better affinity than the initial antibody 

(huMAb405-1) comprising non-human CDR amino acid residues, but lacking 

any FR substitution(s). Two of the humanized anti-p185HERZ variants 

surprisingly bound antigen better than the murine parent antibody 

muMAb4D5, i.e. huMAb4D5-6 and huMAb4D5-8. With regard to Example 3 

concerning the humanized anti-CD3 variants, aside from the 75H and 76H 

FR substitutions noted by the Office, this Example further teaches the 

following FR substitutions: L71, 71H, 73H and 78H. See, e.g., Fig. 5 

which aligns the murine anti-CD3 "muxCD3" sequences, the humanized 

variant "huxCD3vl" sequences, and the human sequences, "huKI" and 

"huIII". 

The specification clearly teaches how to make humanized antibody variable 

domains and antibodies comprising such domains, and identifies FR 

residues that can be substituted to improve the binding affinity of an 

antibody comprising the humanized variable domain. See, e.g. pages 12-

13, 20-26 and 28-29; Example 1 on pages 63-74; Example 3 on pages 79-88; 

and Example 4 on page 89. The specification teaches FR substitution(s) 
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individually or in combination. Based on the disclosure of the present 

application, one is able to make an antibody comprising a humanized 

antibody variable domain which binds antigen. The Office has provided 

no evidence that the humanized antibody variable domains or humanized 

antibodies comprising the FR substitution(s) claimed herein would not be 

functional, beyond speculating that the affinity might not be about 3-

fold better than the parent antibody (and, as noted above, the claims 

other than claim 114 do not require this improvement in affinity). 

Hence, Applicants submit that the presently claimed variable domains and 

antibodies are enabled by the specification. 

Reconsideration and withdrawal of the enablement rejection is 

respectfully requested in view of the above. 

Section 102 Claims 115-117, 123 and 127 

Claims 115-117, 123 and 127 are rejected under 35 USC Section 102(e) or 

102(b) as anticipated by US Patent No. 5,530,101 (hereinafter "the '101 

patent") or Queen et al. PNAS (USA) 86: 10029-10033 ( 1989) (hereinafter 

"Queen et al."). The Examiner contends that the '101 patent and Queen 

et al. teach a humanized anti-Tac antibody wherein amino acid 93 is 

substituted in the heavy chain, using the aligned Kabat Eu sequence to 

provide the framework for the humanized antibody. 

Applicants point out that - as explained earlier in prosecution - the 

substituted 93 FR residue in the cited references is not 93H "utilizing 

the numbering system set forth in Kabat" (see page 13, line 33 through 

to line 22 on page 14 of the present application) as required by claims 

115-117, 123 and 127 of the present application. In particular, as noted 

on page 6 of the amendment hand carried to the Office on 10/7/97, residue 

no. 93 in the heavy chain of the anti-Tac antibody in the cited 

references, is actually 89H utilizing the numbering system set forth in 

Kabat. The cited references use a sequential numbering system, rather 

than the Kabat numbering system claimed herein. 

Reconsideration of the 102(e) and 102(b) rejections based on the '101 
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patent and Queen et al. is respectfully requested in view of the above. 

Section 102 - Claims 43, 44, 48, 55, 67, 71, 105, 115-117, 120 and 127 

Claims 43, 44, 48, 55, 67, 71, 105, 115-117, 120 and 127 are rejected 

under 35 USC Section 102(e) as being anticipated by the '101 patent. The 

Examiner urges that FR substitutions 38L, 67L, 69H, 73H and 93H are 

taught by the '101 patent. Specifically, the Examiner contends that 

amino acids 38 or 67 are substituted in the light chain of the Fd79 and 

M195 antibodies, respectively, and amino acids 69, 73 or 93 are 

substituted in the heavy chains of the CMV5, mik-131 and Fdl38-80 

antibodies, respectively. The '101 patent is further alleged to teach 

(in the abstract thereof) that the humanized antibodies therein will be 

substantially non-immunogenic in humans. 

Applicants submit that the presently claimed FR 38L, 67L, 69H and 93H 

substitutions are different from those in the '101 patent to which the 

Examiner refers, since the numbering of the presently claimed FR 

substitutions utilizes the numbering system set forth in Kabat, whereas 

the '101 patent uses sequential numbering for the residues. In 

particular, VL residue 38 of Fd79 is a CDR residue, as opposed to a FR 

residue (note Table 1 in column 43 of the '101 patent which states that 

residue 38 is in "Category l" and therefore is a CDR residue; see lines 

66-67 in column 13 of the '101 patent); VL residue 67 of Ml95 is FR 

residue 631 utilizing the numbering system set forth in Kabat (see page 

8 of Applicants' 10/7 /97 amendment); VH residue 69 of CMV5 is 68H 

utilizing the numbering system set forth in Kabat (see page 9 of the 

10/7 /97 amendment); and VH residue 93 of Fdl38-80 is FR residue 89H 

utilizing the numbering system set forth in Kabat (see page 7 of the 

10/7/97 amendment). 

As to the FR 73H substitution (utilizing the numbering system set forth 

in Kabat) claimed herein, Applicants submit that the disclosure of the 

humanized mik-~1 antibody is too late to qualify as Section 102 prior art 

to claim 115 which recites that substitution. See page 11, first full 

paragraph of Applicants' 1/15/99 amendment. 
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Finally, as to the recitation in claim 105 herein that the humanized 

antibody "lacks immunogenicity compared to a non-human parent antibody 

upon repeated administration to a human patient in order to treat a 

chronic disease in that patient", Applicants have shown that antibodies 

humanized according to one preferred embodiment of the present invention 

possess this property. See the Shak Declaration filed 8/24/99. The '101 

patent merely states that the humanized antibodies will be "substantially 

non-immunogenic" in humans, but fails to disclose that the humanized 

antibodies lack substantial immunogenicity upon repeated administration 

to a human patient in order to treat a chronic disease in that patient. 

Reconsideration and withdrawal of the Section 102(e} rejection is 

respectfully requested in view of the above. 

Section 102{el - Claim 128 

Claim 128 is rejected under 35 USC Section 102(e} as being anticipated 

by the '101 patent. The Examiner states that the language "up to" 3-fold 

reads on anything below 3-fold. 

Claim 128 pertains to a humanized antibody which binds antigen more 

tightly than the parent antibody (up to about 3-fold more tightly). The 

Queen patents state that the humanized antibodies therein bind the target 

antigen with the same affinity, or bind less tightly, than the parent 

antibody. See pages 21-22 of Applicants' amendment filed 8/24/98. While 

humanized M195 was later discovered to bind antigen up to about 3-fold 

more tightly than the parent antibody bound antigen (see paragraph 2 on 

page 2 of the 8/30/99 amendment), this property of the humanized M195 

antibody is not described in the '101 patent (see lines 28-29 in column 

60 of the '101 patent}. 

Reconsideration and withdrawal of the Section 102(e) rejection of claim 

128 is respectfully requested. 

Section 102(el - Claim 113 

Claim 113 is rejected under 35 USC Section 102(e) as being anticipated 
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by US Patent 5,693,762 ("the '762 patent") for the same reasons set forth 

in paper No. 27 for the rejection of previous claims 22-25, 38 and 39. 

The Examiner contends that the '762 patent teaches "as a principle, a 

framework is used from either a human immunoglobulin which is unusually 

homologous to the donor immunoglobulin, or a consensus framework from 

many human antibodies is used". 

Applicants submit that this disclosure in the '762 patent simply fails 

to anticipate the presently claimed "consensus human variable domain" in 

claim 113 as defined by the present specification. See the discussion 

of the '762 patent on pages 13-14 of the 8/24/98 amendment. The Examiner 

states on page 11 of the above Office Action that it 'is only Applicant's 

interpretation that the term "consensus framework" from '762 patent was 

not intended to refer to a sequence representing the most frequently 

occurring amino acids in the present invention'. Applicants respectfully 

disagree. Indeed the Office initially suggested the alternative 

interpretation for the term "consensus framework" as it was used by Queen 

et al. See page 4 of the Office Action dated 12/23/96 in which Examiner 

Nolan stated: 

"Regarding the consensus sequence, the combination of 

references teach the human framework regions having a 

significantly high degree of sequence homology (conservative 

regions) . Queen et al. in particular point to Kabat as 

demonstrating that this was known in the art well in advance 

of applicant's filing date, see reference 38, cited by Queen 

et al." (Emphasis added). 

The Queen PNAS paper to which Examiner Nolan referred, was concerned with 

using a human framework region from a human immunoglobulin which was 

unusually homologous to the donor immunoglobulin, and failed to mention 

a consensus human variable domain as that expression is used in the 

present application. Hence, the Office has previously used the 

expression "consensus sequence" to describe the highly homologous 

approach taught by Queen et al. 
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Nothwithstanding this, Applicants note that in order to anticipate a 

claimed invention, the reference alone much teach each and every element 

of the claim. Even if it were the case that the "consensus framework" 

in the '762 patent was intended to refer to an amino acid sequence which 

comprises the most frequently occurring amino acid residues at each 

location in all human immunoglobulins (see page 14, lines 29-31 of the 

present application), which is denied, the Office has not shown that the 

'762 patent unambiguously disclosed the selection invention recited in 

claim 113 herein pertaining to a "consensus human variable domain of a 

human heavy chain immunoglobulin subgroup". The Office has combined the 

'762 patent with Kabat et al. (see Section 103 discussion below) in an 

attempt to show that this particular consensus sequence had been 

disclosed previously. Hence, Applicants submit that claim 113 is novel 

over the '762 patent. Applicants will demonstrate in the following 

section how the invention set forth in claim 113 is also nonobvious over 

the '762 patent, due to the unexpected results attributable thereto. 

Reconsideration and withdrawal of the Section 102 rejection based on the 

'762 patent is respectfully requested in view of the above. 

Section 103 

Claims 113, 115-118, 123 and 127-128 are rejected under 35 USC Section 

103 as being unpatentable over the '762 patent in view of Kabat et al. 

First, it is noted that the Examiner relies on the rejection based on the 

'762 patent in view of Kabat et al. for the same reasons as set forth in 

paper no. 27 (Applicants assume paper no. 34 - Examiner Nolan's Office 

Action dated 12/23/97 is intended). Examiner Nolan previously indicated 

that the unexpected results would overcome the 103 rejection based on the 

'7 62 patent combined with Kabat et al. (see Paper no. 37; 8 /13/98 

Interview Summary). 

Applicants rely on the unexpected results attributable to the consensus 

human variable domain of a human heavy chain immunoglobulin subgroup as 

demonstrating that the presently claimed antibodies are not obvious over 
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the '7 62 patent combined with Kabat et al. See pages 18-23 of the 

8/24/98 amendment and the Shak declaration attached thereto. 

The Examiner urges that "the arguments that the claimed invention is 

unexpected are not applicable, because the claims are broad, and drawn 

to any antibodies, and not specifically the claimed antibodies, wherein 

their specific target antigens, and their binding properties are not 

disclosed in the claims.ll 

Applicants submit that the Examiner's basis for ignoring the evidence of 

unexpected results is legally flawed - at least with respect to (1) the 

lack of significant immunogenicity of the claimed humanized antibodies 

upon repeated administration to a human patient, e.g. to treat a chronic 

disease in that patient and (2) the ability to make many strong affinity 

antibodies, thus avoiding tailoring each human framework to each non

human antibody to be humanized. Those unexpected results provide 

objective evidence of non-obviousness. Specialty Composites v. Cabot 

Corp., 845 F. 2d 981, 6 USPQ 2d 1601 (Fed. Cir. 1988). 

As to unexpected result (1), Applicants have demonstrated that antibodies 

humanized using a consensus human variable domain of a human heavy chain 

immunoglobulin subgroup as set forth in claim 113 herein lack significant 

immunogenicity upon repeated administration to a human patient in order 

to treat a chronic disease in that patient. This was shown in the Shak 

Declaration for humanized anti-HER2, anti-IgE, anti-VEGF and anti-CDlla 

antibodies. See pages 18-21 of the 8/24 /98 amendment and the Shak 

Declaration attached thereto. Hence, this unexpected property is not 

linked to certain antibodies or specific target antigens, but is 

generally applicable and the claims are commensurate in scope with the 

unexpected result relied upon. 

Turning now to unexpected result (2), Applicants have shown that a 

consensus human variable domain of a human heavy chain immunoglobulin 

subgroup as set forth in claim 113 can be used to generate many different 

strong affinity humanized antibodies, including anti-HER2, anti-CD3, 
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anti-CD18, anti-IgE, anti-CDlla and anti-VEGF humanized antibodies (see 

pages 22-23 of the 8/24/98 amendment). Again, this further unexpected 

property is not dependent on the antibody or target antigen, and hence 

should be considered with respect to the non-obviousness of the presently 

claimed antibodies. 

Hence, Applicants submit that claim 113 directed to a humanized variant 

comprising a consensus human variable domain of a human heavy chain 

immunoglobulin subgroup is non-obvious over the cited art, because of 

unexpected results (1) and (2) noted above. 

As to the other rejected claims, Applicants point out that claim 115 

recites FR substitutions at one or more of positions 24H, 73H, 76H, 78H 

and 93H, utilizing the numbering system set forth in Kabat. The Office 

has not shown how the cited art disclosed or suggested substitution of 

FR residues 24H, 76H, 78H and 93H, utilizing the numbering system set 

forth in Kabat; and, as noted above, the disclosure concerning 

substitution of 73H in the mik-~l antibody is too late to qualify as 

Section 102 prior art to the invention set forth in claim 115 herein. 

With regard to claim 117, the Office fails to teach a humanized antibody 

with FR substitution(s) limited to positions 24H, 73H, 76H, 78H and 93H, 

utilizing the numbering system set forth in Kabat. As to claim 118, the 

Office has not demonstrated how the art would have taught combining the 

listed FR substitution(s) in claim 115 with a consensus human variable 

domain. With regard to claim 123, as noted previously, substituted 93 

FR residue in Queen's anti-Tac or Fd138-80 antibodies is not the same as 

FR substitution 93H "utilizing the numbering system set forth in Kabat." 

Finally, with respect to claim 128, as noted above, the Queen patents 

state that the humanized antibodies therein bind the target antigen with 

the same affinity, or bind less tightly, than the parent antibody. See 

pages 21-22 of Applicants' amendment filed 8/24/98. While humanized Ml95 

was later discovered to bind antigen up to about 3-fold more tightly than 

the parent antibody bound antigen (see paragraph 2 on page 2 of the 

8/30/99 amendment), this property of the humanized M195 antibody is not 

described in the '101 patent (see lines 28-29 in column 60 of the '101 
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Serial No.: 08/146,206 

patent). The ability to bind antigen more tightly than the parent 

antibody was a further unexpected result observed with respect to certain 

humanized antibodies of the present application. 

Reconsideration and withdrawal of the Section 103 rejection of claims 

113, 115-118, 123 and 127-128 is respectfully requested in view of the 

above. 

Date: April 25, 2001 

I llllll lllll lllll 111111111111111111 

09157 
PA TENT TRADEMARK OFFICE 

Respectfully submitted, 

By: 
Wendy M. Lee 
Reg. No. 40,378 
Telephone: (650) 225-1994 
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Serial No.: 08/146,206 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 

Claims 113 and 114 have been amended as follows: 

113: (Three Times Amended) A humanized variant of a non-human parent 

antibody which binds an antigen [with better affinity than the parent 

antibody] and comprises a consensus human variable domain of a human 

heavy chain imrnunoglobulin subgroup wherein amino acid residues forming 

Complementarity Determining Regions (CDRs) thereof comprise non-human 

antibody amino acid residues, and further comprises a Framework Region 

(FR) substitution where the substituted FR residue: (a) noncovalently 

binds antigen directly; (b) interacts with a CDR; (c) introduces a 

glycosylation site which affects the antigen binding or affinity of the 

antibody; or (d) participates in the VL-VH interface by affecting the 

proximity or orientation of the VL and VH regions with respect to one 

another[, wherein the humanized variant binds antigen up to about 3-fold 

more tightly.than the parent antibody binds antigen]. 

114. {Amended) The humanized variant of claim [113] 128 which binds the 

antigen about 3-fold more tightly than the parent antibody binds antigen. 
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Patent Docket P0709P1 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of Group Art Unit: 1642 

Paul J. Carter et al. Examiner: M. Davis 

Serial No.: 08/ 146,206 
CERTIFICATE OF MAILING 

Filed: November 17, 1993 
I hereby certify that this correspondence is being deposited with the United Stales Pc $1 
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Service with sufficient postage as first class mail in an envelope addressed lo: Assist 
Commissioner of Patenls, Washington, O.C. 20231 on 

For: METHOD FOR MAKING HUMANIZED ~~ ANTIBODIES 

WendyM.Lee 

PETITION AND FEE FOR THREE MONTH EXTENSION Of TIME 
(37 CFR 1.136(a)l 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

l5---~1 

Applicants petition the Commissioner of Patents and Trademarks to extend the time for 

response to the Office Action dated October 25, 2000 for three months from January 25, 2001 to 

April 25, 2001. The extended time for response does not exceed the statutory period. 

Please charge Deposit Account No. 07-0630 in the amount of $890.00 to cover the cost of 

the extension. Any deficiency or overpayment should be charged or credited to this deposit 

account. A duplicate of this sheet is enclosed. 

Date: April 25. 2001 
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09157 
PA TENT TRADEMARK OFFICE 
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Wendy M. Lee ~ 
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1642 

All participants (applicant, applicant's representative, PTO personnel): 

(11 Minh-Tam Davis 

(2) Ewndy Lee 

Date of Interview ______ A~p_r_2_6~,_2_00 __ 1 ____ _ 

Type: a) IX! Telephonic bl O Video Conference 

(3) -----------------

(4) ~~~~~~~~~~~~~~~~ 

cl O Personal [copy is given to 1 )0 applicant 210 applicant's representative] 

Exhibit shown or demonstration conducted: di O Yes el IX! No. If yes, brief description: 

Claim(s) discussed:-------------------------------------

Identification of prior art discussed: 

Agreement with respect to the claims flD was reached. g)O was not reached. hlD N/A. 

Substance of Interview including description of the general nature of what was agreed to if an agreement was reached, or 
any other comments: 

Applicant requests an iinterview if the case is not ready for allowance following entry of the amendment to be filed today. 

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims 
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims allowable is 
available, a summary thereof must be attached.) 

il!XI It is not necessary for applicant to provide a separate record of the substance of the interview (if box is ·checked). 

Unless the paragraph above has been checked, THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST 
INCLUDE THE SUBSTANCE OF THE INTERVIEW. (See MPEP section 713.04). If a reply to the last Office action has 
cdready been filed, APPLICANT IS GIVEN ONE MONTH FROM THIS INTERVIEW DATE TO FILE A STATEMENT OF THE 
SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview requirements on reverse side or on attached 

Examiner Note: You must sign this form unless it is 
an Attachment. to a signed Office· action. 

U.S. Pot.,_r,t and Trademark Office 

Part of Paper No. lit 0 PT0-413 (Rev. 03-98) Interview Summary ---
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Patent Docket P0709Pl ~ ~J 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 1lrtP 
In re Application of 

Paul J. Carter et al. 

Serial No.: 08/146,206 

Filed: November 17, 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

Group Art Unit: 1642 

Examiner: M. Davis 

AMENDMENT TRANSMITTAL 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

Transmitted herewith is an amendment in the above-identified application. 

The fee has been calculated as shown below. 

Total 82 86 0 18 

Independent 8 9 0 80 

_ OMultiple dependent claim(sj, if any 270 

Total Fee Calculation 

X No additional fee is required. 

$0.00 

$0.00 

$0.00 

$0.00 

X The reference O'Connor et al. Protein Engineering 11 (4):321-328 (l 998) is 
attached. 

The Commissioner is hereby authorized to charge any additional fees required under 37 CFR 1.16 
and 1.17, or credit overpayment to Deposit Account No. 07-0630. 

deffirt~ 
Date: July 13, 2001 By: __ VlJU __ i ______ _ 

WendyM. lee 
Reg. No. 40,378 

lllllll l~ll lllll lllll lllll 11111111 

Telephone No. (650) 225-1994 

09157 
PATENTTRADEMARK OFFICE 

\) 
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Patent Docket P0709Pl 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Paul .'!. Carter et al. 

Serial No.: 08/146,206 

Filed: November 17, 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

Group Art Unit: 1642 

Examiner: M. Davis 

SUPPLEMENTAL AMENDMENT 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

IN THE CLAIMS: 

Please amend claims 113 and 128 as indicated below: 

7/!flu I 

(Three times amended) A humanized variant of a non-human parent 

antibody which binds an antigen and comprises a human variable domain 

comprising the most frequently occurring amino acid residues at each 

location in all human immunoglobulins of a human heavy chain 

immunoglobulin subgroup wherein amino acid residues forming 

Complementarity Determining Regions (CDRs) thereof comprise non-human 

antibody amino acid residues, and further comprises a Framework Region 

(FR) substitution where the substituted FR residue: (a) noncovalently 

binds antigen directly; (b) · interacts with a CDR; (c) introduces a 

glycosylation site which affects the antigen binding or affinity of the 

antibody; or (d) participates in the VL-VH interface by affecting the 

proximity or orientation of the VL and VH regions with respect to one 

another. 
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128. (Twice Amended) A humaniz variant of a non-human parent antibody 

which binds an antigen, whe ein the humanized variant comprises 

Complementarity Determining Re ion (CDR) amino acid residues of the 

non-human parent antibody incor orated into a human antibody variable 

domain, and further comprises a F amework Region (FR) substitution where 

the substituted FR residue: (a) oncovalently binds antigen directly; 

(b) interacts with a CDR; or (c) articipates in the VL-VH interface by 

affecting the proximity ation of the V1 and VH regions with 

respect to one another, humanized variant binds the 

antigen more tightly than and up 3-fold more tightly than the 

parent antibody binds antigen. 

A humanized antibody variable domain comprising non-human 

Complementarity Determining Region (CDR) amino acid residues which bind 

an antigen incorporated into a human antibody variable domain, and 

further comprising a Framework Region ( FR) amino acid substitution where 

the substituted FR residue: 

(a) noncovalently binds antigen directly; 

(b) interacts with a CDR; or 

(c) participates in the VL-VH interface by affecting the proximity or 

orientation of the V1 and VH regions with respect to one another, and 

wherein the substituted FR residue is at a site selected from the group 

consisting of: 4L, 38L, 43L, 44L, 58L, 62L, 65L, 66L, 67L, 68L, 69L, 

73L, 85L, 98L, 2H, 4H, 24H, 36H, 39H, 43H, 45H, 69H, 70H, 73H, 74H, 76H, 

78H, 92H and 93H, utilizing the numbering system set forth in Kabat. 

ft at@ j.z€. The humanized variable domain of claim~ wherein the substituted 

residue is the residue found at the corresponding location of the 

non-human antibody from which the non-human CDR amino acid residues are 

obtained. 

8'2-
}:tr. The humanized variable domain of 

Framework Region (FR) residue other than 

has been substituted.--

2 

S5?J 
claim ,;;f wherein 

~L..;;, • 

those set forth in 

no human 

the group 
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REMARKS 

Applicants wish to thank Examiners Davis and Caputa for granting an 

interview to the representatives of Applicants on July 3, 2001. It is 

noted that the interview was terminated before its completion due to a 

fire alarm and evacuation of the building. The response herein reflects 

points raised by the Office during the interview. To the extent that 

issues remain in the case following entry of this and the previous 

amendment, Applicants respectfully request a further interview qi ven the 

protracted prosecution of the case as discussed in the interview. 

The pending claims 

In the above-noted interview Examiner Caputa asked how the framework in 

claim 113 differed from the "consensus framework from many human 

antibodies" as in column 13 of the cited Queen '762 patent. In the 

interests of expediting prosecution, Applicants have amended claim 113 

herein to recite the language found on page 14, lines 29-31 of the 

present application. The differences between the disclosure of the '762 

patent and the invention set forth in claim 113 will be discussed below. 

As discussed in the interview, claim 128 is amended herein to emphasize 

that the humanized antibody of this claim is one with better affinity 

than the non-human parent. This amendment obviates the §102 rejection 

over the disclosure of the '101 patent. 

Claims 129-131 have been added herein. Claim 129 represents a 

combination of claims 43 and · 115 and includes the FR substitution 

language from claim 128. Claims 130-131 employ language from claims 44 

and 45, respectively. 

Attached hereto is a marked-up version of the changes made to the claims 

by the current amendment. The attached page is captioned "Version with 

markings to show changes made." Applicants submit that the amendments 

do not introduce new matter and therefore should be entered. Following 

entry of this amendment, claims 43-105 and 113-131 will be pending in 

the present application. 
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As was pointed out in the interview, the present application contains 

three different types of independent claims: (1) claims 43, 72, 104, 105 

and 115 encompassing humanized antibody variable domains or antibodies 

comprising FR substitution(s) including one or more FR substitutions 

from a specified selection of FR positions; (2) claim 128 directed to 

a humanized variant which binds the antigen more tightly than the parent 

antibody binds antigen (up to about 3-fold more tightly); and (3) claim 

113 directed to a humanized antibody comprising non-human CDR and FR 

residue ( s) incorporated into a human variable domain comprising the most 

frequently occurring amino acid residues at each location in all human 

immunoglobulins of a human heavy chain immunoglobulin subgroup. 

Section 102 

A comprehensive reply to the outstanding Section 102 rejections can be 

found in the amendment dated April 25, 2001. As discussed in the 

interview, it is believed that the Section 102 rejections should be 

withdrawn. 

With respect to claims 43, 72, 104, 105 and 115, Applicants pointed out 

that Queen used sequential numbering, rather than Kabat numbering, for 

the FR residues, such that the 93H, 38H, 67L and 69H FR substitutions 

according to Kabat herein were not disclosed by Queen. As to the 73H 

FR substitution claimed herein, Applicants will submit shortly a 

swearing behind declaration showing completion of the invention of a 

humanized variable domain or antibody comprising that FR substitution, 

prior to cited Queen patent. 

As to claim 128, Applicants pointed out that Queen did not describe 

humanized antibodies with improved affinity - affinity was either about 

the same or worse than the rodent antibody. The amendment herein 

clarifies that claim 128 pertains to antibodies with better affinity 

than the non-human parent antibody. 

Finally, Applicants submit that recitation of "a human variable domain 

comprising the most frequently occurring amino acid residues at each 
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location in all human immunoglobulins of a human heavy chain 

immunoglobulin subgroup" in claim 113 renders the humanized antibody 

therein novel over the cited Queen '762 patent. The Section 103 

rejection will be addressed below. 

Withdrawal of the outstanding Section 102 rejections is respectfully 

requested. 

Section 112, first paragraph, scope 

A full and complete response to the outstanding rejection of claims 43-

105 and 113-128 may be found in the communication to the Office dated 

April 25, 2001. 

In the outstanding Office Action, the Examiner maintains that each of 

the claims presented is not enabled by the disclosure. The basis for 

the assertion of the Examiner is that she believes the practice of the 

invention as reflected in each of the claims presented would constitute 

undue experimentation. Based on the points raised by the Examiner in 

the July 3 interview and the outstanding Office Action, Applicants 

believe this conclusion is based on misunderstandings of the law 

governing enablement, particularly as it pertains to the issue of undue 

experimentation, and a mischaracterization of the claims at issue and 

the disclosure. Moreover, Applicants will summarize hereinbelow 

relevant evidence which demonstrates the reproducibility of the methods 

disclosed in the present application for generating useful humanized 

antibody variable domains and antibodies encompassed by the claims 

herein. 

Enablement must be measured in relation to the claims, the disclosure 

and what is known to a person skilled in the art. See, United States 

v. Telectronics, Inc., 857 F.2d 778, 785, 8 USPQ2d 1217, 1223 (Fed. Cir. 

1988) ("The test of enablement is whether one reasonably skilled in the 

art could make or use the invention from the disclosures in the patent 

coupled with information known in the art without undue 

experimentation."). Undue experimentation, in turn, is a conclusion 

based on a number of discrete factual determinations. In re Wands, 858 
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F. 2d 731, 737 (wherein the court listed eight factors that must be 

considered as a group when determining an issue of undue 

experimentation) . In the present rejection, the only factors that 

apparently have been considered by the Examiner are the breadth of the 

claims and unpredictability in the art. 

With respect to the scope of the claims, it is respectfully submitted 

that the Examiner has not accurately construed the claim scope, either 

in the rejections set forth in the outstanding Office Action or as 

characterized during the interview of July 3. 

First, as has been noted in previous communications, only one claim 

(claim 114) specifically requires a three-fold increase in affinity of 

the humanized antibody relative to the non-human parent antibody. Claim 

128, as amended, requires a binding affinity greater than the parent 

antibody, up to about three times the parent antibody affinity. Claims 

43 to 105, 113 and 115 to 127 each contain no reference to minimum 

binding affinity relative to the parent antibody. Assertions that it 

would not have been possible to produce a humanized antibody subject to 

these claims having a three-fold increase in binding affinity are simply 

irrelevant to all but one claim. 

Second, a requirement in each claim presented is that the variable 

domain retain the functional capacity to bind the antigen bound by the 

parent antibody. Thus, claims are not directed to single amino acid 

substitutions in an abstract sense that result in polypeptides that are 

inoperative as antibody binding domains. Instead, each of the claims 

presented requires the resulting humanized antibody variable domain or 

antibody to retain the antibody binding specificity of the parent 

antibody, and certain of the claims require the binding affinity to be 

greater than the parent antibody. Omitting the antibody binding 

limitation present in each claim improperly changes the scope of the 

claim. 
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Third, each of the independent claims is further limited in respect of 

one or more specific and objectively defined physical attributes of the 

resulting humanized antibody variable domain or antibody. For example, 

claim 43 identifies -- and thereby limits the claimed invention to -

a finite number of species of antibody binding domains which comprise 

amino acid substitutions in said binding domain selected from a finite 

range of subs ti tut ions in the framework region. If this physical 

characteristic of the humanized antibody variable domain is not present, 

it is outside the scope of this claim. Similarly, the claims do not 

encompass alterations of a human antibody variable domain that do not 

result in antibodies that bind to the antigen bound by the parent 

antibody. 

Thus, it is respectfully submitted that the specific physical and 

functional characteristics of the claimed antibody variable regions must 

be given weight in determining the scope of the claims. The failure of 

the Examiner to do so has resulted in an improper characterization of 

the claimed invention, which is fundamental to the determination of 

enablement. 

The second issue upon which the Examiner has not given sufficient weight 

are the extensive teachings in the disclosure, in view of what was known 

in the art as of the time of filing of the present application. The 

present disclosure provides more than ample direction to a person 

skilled in the art to rely upon in producing the variable domains and 

antibodies falling within the scope of the present claims. In 

particular, the present disclosure provides specific guidance to a 

person skilled in the art to produce, alter and select variants falling 

within the scope of the claims without the exercise of undue 

experimentation. 

For example, the disclosure at pages 10-16, 20-29 and in the working 

examples recites a summary of the process to be used to produce the 

claimed humanized antibody domains and antibodies. As noted therein, 

steps for identifying and producing the variant sequences are described, 
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as are a variety of physical attributes of the resulting variants that 

are to be selected for through the process described therein (e.g., the 

substituted FR residue interacts with a CDR, non-covalently binds 

antigen directly or participates in the VL-VH interface) . A person 

reasonably skilled in this field would face no difficulty in taking any 

parent antibody having a particular binding specificity and, following 

the explicit and comprehensive teachings of the present disclosure, 

construct and select humanized antibody domains and antibodies as 

defined in the claims. 

The third basis of the Examiner's rejection appears to be the belief 

that the claims cannot be practiced without undue experimentation. 

Undue experimentation is a conclusion that must be reached after 

considering a number of discrete factors. Two of these, claim scope and 

the teachings of the disclosure, have been addressed above and in the 

earlier response to the outstanding Office Action. In addition, the 

Examiner appears have relied on an assumption that there is an 

abnormally high level of unpredictability in the field of the invention. 

In particular, the Examiner is apparently asserting that there is such 

an inherent degree of unpredictability in the art that no claim to a 

humanized antibody could ever issue if it were not limited to a 

specifically defined amino acid sequence associated with a specific 

antibody specificity. This is an inaccurate characterization of the 

level of unpredictability in the field of the invention at the time the 

present application was filed, and is used in an improper manner by the 

Examiner in light of law governing lack of enablement due to undue 

experimentation. 

Unpredictability in the art, standing alone, is not a conclusion that 

can support a rejection on the basis of lack of enablement. In re Wands, 

858 F.2d 731, 737 (Fed. Cir. 1988). Instead, it is a factor whose 

significance must be assessed in making the legal determination of 

whether practice of the claimed invention would involve undue 

experimentation. Moreover, the fact that an art has unpredictability 
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associated with it does not condemn any claim that goes beyond a 

specific working example. As §2164.03 of the MPEP provides: 

The "predictability or lack thereof" in the art refers to the 

ability of one skilled in the art to extrapolate the disclosed or 

known results to the claimed invention. If one skilled in the art 

can readily anticipate the effect of a change within the subject 

matter to which the claimed invention pertains, then there is 

predictability in the art. On the other hand, if one skilled in 

the art cannot readily anticipate the effect of a change within 

the subject matter to which that claimed invention pertains, then 

there is lack of predictability in the art. 

In the present 

unpredictability 

unpredictability 

case, neither the Examiner's characterization 

nor the assessment of the significance 

in light of the present disclosure is accurate. 

of 

of 

As to the former issue, and as noted in the earlier response to the 

outstanding Office Action, the number of examples of successful 

modifications (i.e., modifications resulting in functional humanized 

antibody binding domains) made according to the teachings of the present 

disclosure far exceeds the number suggested by the Examiner. For 

example, for one target antigen (HER2), eight successful variants were 

constructed using the procedures of the present invention. Each of 

these variants preserved binding affinity of a nature to make it a 

useful humanized binding domain. 

Examiner Davis explained in the interview her opinion that variants 

(e.g. huMAb4D5-2 and huMAb4D5-3) without all 5 FR substitutions of the 

huMAb4DS-8 variant were not able to bind antigen with appropriate 

affinity. 

With respect to the huMAb4D5-2 variant in Table 3, it was acknowledged 

that the variant with the single FR substitution did not appear to have 

growth inhibitory activity in the SK-BR-3 assay used. However, the 
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undersigned explained that even the 4.7nM Kd of this variant rendered 

it useful, e.g., for diagnostic uses (see pages 55-57), as an 

immunotoxin (see pages 58-59), and/or for killing cells in vivo via 

Antibody Dependent Cellular cytotoxici ty (ADCC, see pages 5 9-60) . 

Indeed, the affinity of the huMAb4D5-2 variant significantly surpasses 

the affinity of the murine and humanized anti-gD antibodies in column 

45 of the cited Queen '762 patent, for instance. There is nothing in the 

art to indicate that 4.7nM is not a useful Kd. The other variant relied 

on by the Examiner as supporting her view that the claims were not 

enabled (huMAb4D5-3 in Table 3 with 4.4nM Kd) would also have the above

noted uses in addition to its ability to inhibit the proliferation of 

breast cancer cells as assessed by the SK-BR-3 assay. Hence, it was 

emphasized that the antibodies of the present invention need not have 

superior binding affinities in order to be useful. 

Examiner Caputa asked what evidence was available to demonstrate that 

the teachings of the present application could be applied to other 

useful humanized antibodies. 

Applicants are able to demonstrate that humanized antibody variants that 

bind at least seven distinct antigens. have been made based on the 

teachings in the above patent application. For each antigen, several 

humanized antibody variants with the claimed FR substitution(s) could 

be made. In particular: 

1. Example 1 on pages 63-74 describes several humanized variants which 

bound HER2 comprising the presently claimed FR substitution(s). Each 

of those variants was able to bind HER2 antigen (see Table 3 on page 

72) . 

2. Example 3 on pages 79-88 describes eight humanized anti-CD3 antibody 

variants (BsF(ab') 2vl as well as variants v6-12) which comprised the 

presently claimed FR substitutions. That example describes the 

BsF(ab' ) 2vl variant (see huxCD3vl in Fig. 5) and the other variants 

which were useful for retargeting the cytotoxic activity of human CD3+ 
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CTL against HER2 overexpressing breast cancer cells (see, page 79, first 

paragraph, and Shalaby et al. J. Exp. Med. 175:217-225 (1992), of 

record). The FR substitutions in the BsF(ab') 2vl variant (71L, 71H, 

73H and 78H) were those which (a) non-covalently bound antigen directly; 

{b) interacted with a CDR; or (c) participated in the V~-VH interface, 

such FR substitutions being described and enabled by the present 

specification. Example 3 describes how the affinity of the humanized 

antibody BsF(ab') 2vl was further improved by incorporating additional 

rodent CDR amino acid residues in the humanized antibody to generate 

BsF(ab') 2v9. In addition, that example describes variants with further 

FR substitutions at positions 75H and/or 76H. 

3. Example 4 on page 89 describes yet a further example of the presently 

claimed humanized antibody variable domains/antibodies. The humanized 

anti-CD18 antibody included the presently claimed FR substitutions that 

(a) non-covalently bound antigen directly; (b) interacted with a CDR; 

or {c) participated in the V1 -VH interface, and were identified using 

molecular modeling as taught in the present application. 

4. Presta et al. Cancer Research 57:4593-4599 (1997) (of record) 

describes nine humanized anti-VEGF variants that were generated 

following the enabling disclosure of the present application. 

5. Various humanized anti-Protein C variants are described in O'Connor 

et al. Protein Engineering 11(4):321-328 (1998) (copy attached), those 

variants being enabled by the present application. 

6. Humanized antibody variants which bind the IgE antigen covered by 

certain claims herein have also been made {see Presta et al. J. Immunol. 

151(5): 2623-2632 (1993) (of record)). 

7. Werther et al. J. Immunol. 157(11): 4986-4995 (1996) (of record) is 

concerned with the humanization of anti-LFA-1 antibodies and describes 

several humanized antibody variants encompassed by the present claims. 
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These facts suggest that the "unpredictability" in the art is in fact 

much lower than suggested by the Examiner. When this actual level of 

unpredictability is then considered in view of the claim scope and the 

breadth of the disclosure, it becomes clear that unpredictability in the 

present application is not a factor that can support an assertion of 

undue experimentation. Indeed, through the teachings of the present 

disclosure, the moderate degree of unpredictability that exists in the 

art does not operate as a barrier to practice of the claimed invention, 

particularly in light of the teachings of the disclosure as to how to 

produce, identify and select variants falling within the scope of the 

claims. 

As a consequence, it is respectfully submitted that the basis of the 

Examiner's belief that there is a lack of enablement due to undue 

experimentation is misplaced and should be withdrawn. Moreover, it is 

respectfully submitted that unless the Examiner can provide specific 

evidence demonstrating that the procedures disclosed in the present 

application will not yield success in producing humanized antibody 

variable domains as claimed, to counter the evidence provided in the 

specification and the specific responses, the maintenance of this 

rejection is improper. In re Wright, 999 F.2d 1557, 1562 (Fed. Cir. 

1993); In re Marzocchi, 439 F.2d 220, 224 (CCPA 1971). Accordingly, 

Applicants respectfully request that the Examiner reconsider and 

withdraw the rejections based on lack of enablement. 

Section 103 rejection 

Claims 113, 115-118, 123 and 127-128 are rejected under Section 103 as 

being unpatentable over the Queen '762 patent in view of Kabat et al. 

Applicants responded to the rejection in the amendment dated April 25, 

2001 and that response is supplemented hereinbelow. 

At the outset, it is noted that the 103 rejection as to 115-118, 123, 

127-128 should fall with the withdrawal of the Section 102 rejections 

of these claims, since the Office has not advanced any reason why one 

would substitute the presently recited FR residues, or why one would 
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have thought it would be possible to make a humanized antibody with 

improved affinity compared to the rodent antibody based on the cited 

art. 

With regard to claim 113, now reciting "a human variable domain 

comprising the most frequently occurring amino acid residu.es at each 

location in all human immunoglobulins of a human heavy chain 

immunoglobulin subgroup", Applicants pointed out that it is believed 

that a prima facie case for obviousness of this invention has not been 

established; and even if it had, unexpected results provide objective 

evidence as to the patentability of the presently claimed invention. 

Applicants' representatives explained in the interview that the term 

"consensus framework from many human antibodies" was used in the Queen 

patent synonymously with "a framework from a particular human 

immunoglobulin that is unusually homologous to the donor immunoglobulin 

to be humanized" - the position also taken by a former Patent Examiner 

(see page 10 of the amendment dated April 25, 2001). This is abundantly 

clear from a reading of the relied upon reference to a "consensus 

framework from many human antibodies" in the '762 patent. Immediately 

after this phrase in column 13, first full paragraph, the '762 patent 

states "For example, comparison of the sequence of a mouse heavy (or 

light) chain variable region against human heavy (or light) variable 

regions in a data bank (for example, the National Biomedical Research 

Foundation Protein Identification Resource) shows that the extent of 

homology to different human regions varies greatly, typically from about 

40% to about 60-70%. By choosing as the acceptor immunoglobulin one of 

the human heavy (respectively light) chain variable regions that is most 

homologous to the heavy (respectively light) chain variable region of 

the donor immunoglobulin, fewer amino acids will be changed in going 

from the donor immunoglobulin to the humanized immunoglobulin. Thus, 

it is clear from the '762 patent that what it intended by the "consensus 

framework from many human antibodies" was indeed the "most homologous" 

human framework region as selected in the quoted paragraph of the '762 

patent above. Thus, Applicants submit that the rejection based on the 
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combination of the '762 patent and Kabat et al. has been made with the 

benefit of hindsight of the present invention, which is impermissible. 

Aside from the lack of teaching or motivation in the '762 patent to use 

a human variable domain comprising the most frequently occurring amino 

acid residues at each location in all human irrununoglobulins of a human 

heavy chain immunoglobulin subgroup, the '762 patent teaches away from 

this approach. Indeed, Queen taught the importance of selecting an 

unusually homologous human framework in order to avoid distorting the 

CDRs (column 13, lines 19-27). Applicants have shown previously how 

antibodies humanized with the human variable domain in claim 113 lack 

the unusually high homology to the non-human variable domain (paragraph 

bridging pages 17-18 of the amendment filed August 24, 1998), but 

nonetheless bind antigen extremely well. For instance, Applicants 

referenced the humanized anti-CD18 antibody with only 53% homology 

between the rodent and human framework sequences; humanized anti-IgE 

antibody with only 58% homology; humanized anti-CDlla with only 57% 

homology etc. These homologies were much lower that the homologies 

considered by Queen to be critical to avoid distorting the CDRs and for 

retaining affinity. The present application goes beyond the Queen 

method and discloses the benefits of using a human variable domain 

comprising the most frequently occurring amino acid residues at each 

location in all human irrununoglobulins of a human heavy chain 

immunoglobulin subgroup for humanizing many different antibodies. This 

was not possible based on Queen's work which required that the human 

variable domain be tailored to each new rodent variable domain sequence 

to be humanized. 

Applicants believe that the above arguments make out a strong case for 

patentability of the presently claimed invention over the cited 

combination of the '762 patent and Kabat et al. Moreover, Applicants are 

able to demonstrate that the presently claimed invention is patentable 

over the cited art due to the unexpected results attributable thereto. 

In particular, Applicants have demonstrated through the Shak declaration 

that antibodies directed against four different antigens humanized with 
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Serial No.: 08/146,206 

the presently claimed human variable domain in claim 113 display the 

unexpected property of lack of significant immunogenicity upon repeated 

administration to a human patient. This was not predictable in view of 

art such as Isaacs et al. The Lancet 340:748-752 (1992) (of record) in 

which 3/ 4 patients developed inhibitory antiglobulins upon repeated 

administration of the prior art humanized antibody thereto. 

The Examiner had indicated that the unexpected results are not 

applicable because "the claims are broad, and drawn to any antibodies, 

and not specifically the claimed antibodies, wherein their specific 

target antigens, and their binding properties are not disclosed in the 

claims". Applicants submit that the Shak declaration filed demonstrates 

that the unexpected result applies regardless of the antigen or binding 

properties of the antibodies; the unexpected result was shown for 

humanized an,ti-HER2, anti-IgE, anti-CD11a and anti-VEGF antibodies. 

Hence, Applicants submit that the unexpected results are commensurate 

in scope with the invention recited in claim 113. 

Thus, Applicants submit that the presently claimed invention is 

patentable over the cited art. 

Applicants believe that this application is now in order for allowance 

and look forward to early notification to that effect. 

Date: July 13, 2001 

I IIIIII IIIII IIIII IIIII IIIII IIII II II 
09157 

PATENfTRADEMARK OFFICE 

Respectfully submitted, 

GENENTEC 

By: 
Wend 
Reg. No. 40,378 
Telephone: (650) 225-1994 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

In the claims: 
Please amend claims 113 and 128 as follows: 

113. (Three times amended) A humanized variant of a non-human parent 
antibody which binds an antigen and comprises a [consensus] human 
variable domain comprising the most frequently occurring amino acid 
residues at each location in all human immunoglobulins of a human 
h.!:._avy chain immunoglobulin subgroup wherein amino acid residues 
I5rming Complementarity Determining Regions (CDRs) thereof comprise 
non-human antibody amino acid residues, and further comprises a 
Framework Region (FR) substitution where the substituted FR residue: 
(a) noncovalently binds antigen directly; (b) interacts with a CDR; 
(c) introduces a glycosylation site which affects the antigen binding 
or affinity of the antibody; or (d) participates in the VL-VH 
interface by affecting the proximity or orientation of the VL and VH 
regions with respect to one another. 

~q 
~. (Twice Amended) A humanized variant·of a non-human parent 
antibody which binds an antigen, wherein the humanized variant 
comprises Complementarity Determining Region (CDR) amino acid 
residues of the non-human parent antibody incorporated into a human 
antibody variable domain, and further comprises a Framework Region 
(FR) su~stitution where the substituted FR residue: (a) noncovalently 
binds antigen directly; (b) interacts with a CDR; or (c) participates 
in the VL-VH interface by affecting the proximity or orientation of 
the VL and VH regions with respect to one another, and wherein the 
humanized variant binds the antigen more tightly than and up to about 
3-fold more tightly than the parent antibody binds antigen. 

Please add the following claims: 

129. A humanized antibody variable domain comprising non-human 
Complementarity Determining Region (CDR) amino acid residues which 
bind an antigen incorporated into a human antibody variable domain, 
and further comprising a Framework Region (FR) amino acid 
substitution where the substituted FR residue: 
(a) noncovalently binds antigen directly; 
(b) interacts with a CDR; or 
(c) participates in the VL-VH interface by affecting the proximity or 
orientation of the VL and VH regions with respect to one another, and 
wherein the substituted FR residue is at a site selected from the 
group consisting of: 4L, 38L, 43L, 44L, 58L, 62L, 65L, 66L, 67L, 68L, 
69L, 73L, SSL, 98L, 2H, 4H, 24H, 36H, 39H, 43H, 45H, 69H, 70H, 73H, 
74H, 76H, 78H, 92H and 93H, utilizing the numbering system set forth 
in Kabat. 

130. The humanized variable domain of claim 129 wherein the 
substituted residue is the residue found at the corresponding 
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location of the non-human antibody from which the non-human CDR amino 
acid residues are obtained. 

131. The humanized variable domain of claim 129 wherein no human 
Framework Region (FR) residue other than those set forth in the group 
has been substituted. 
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··penentech, Inc. 
Genentech, Inc. 
Genentech, Inc. 

Genentech, Inc. 
Genentech, Inc. 

1 DNA WAY 
South San Francisco, CA 94080 
(650} 225· 1994 
Facsimile: (6SO) 952-9881 

DATE: July 30, 2001 

Best.ailable Copy 

Please deliver the following Amendment to: 

NAME: Examiner Minh-Tam Davis 
U.S. Patent and Trademark office 
Washington, DC 20231 

Fax No.:(703) 308-4426 

FROM: Wendy M. Lee 
Registration No.: 40,378 

RE: U.S. Serial No.: 08/146,206 
Our Docket No.: P0709P1 

Number of Pages including this cover sheet - 13 

1D=549'5 5751 

FACSIMILE TRA SMITTAL 

Certificate of Facsimile Transmission Under 37 1.8 

PQl/13 

In accordance with CFR § 1.6(d), this Amendment and Zenapax product inforrnati n is addressed to Examiner 
Minh-Tam Davis, The Patent and Trademark: Office, Washington, DC 20231 nd is being transmitted to 
facsimile No. (703) 308-4426. · 

CONFIDENTIAL NOTE 
The documents accompanying this facsimile transmission contain information from ENENTECH, INC. which is 
confidential or privileged. The information is intended only for the individual or entity na ed on this transmission sheet. 
If you are not the intended recipient, be aware that any disclosure, copying, distribution, or use of the contents of this 
faxed information is strictly prohibited. If you have received this facsimile in error, lease notify us by telephone 
immediately so that we can arrange for the return of the original documents to us and th retransmission of them to the 
intended recipient 

If you do not receive all pages, please notify Wendy Lee at (650) 225·1 94. 
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' Pat nt Docket P0709Pl 

~----I-N_T_H_E_u_N_r_T_E_o_s_T_A_T_E_s_P_A_T~E_N_T_A_N_D_T_AA_DE_~_R_K~O-F_F_I_c_E _____ 11?/~ 
In re Application of Group Art Unit: 42 -l/' 

Paul J. Carter et al. Examiner: Minh-T Davis m 
Serial No.: 08/146,206 i-------+-------1'?-//v; 

Corllf!Qia of Facsimile Tmnsml Ion U<!der l7 CFR § 1.8 

Filed: November 17, 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

SUPPLEMENTAL AMENDMENT 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

fN THE CLAIMS: 

(Please amend claim 1 

addr~IQEl<ami"8fMlnPI-T&m 
~htucn. OC20231 iet,eing11'811Smi!1edta 

~~ 
7/-?//o I 

1 (Three Times Amended) A humanized varian't of a on-human parent 
,4 

antibody which binds an antigen, wherein the humanized v riant comprises 

Complementarity Determining Region (CDR) amino acid esidues of the 

non-human parent antibody incorporated into a human 

domain, and further comprises Framework Region (FR) ubst:itutions at 

heavy chain positions 71H, 73H, 78H and 93H, utilizi g the numbering 

system set forth in Kabat. 

REMARKS 

Applicants confirm having discussed the above applicati n with Examiner 

Davis in the telephonic interview of July 25, 2001. In that interview, 

Examiner Davis indicated that on reconsideration the Se tion 112, first 

paragraph rejection would be withdrawn except with respe t to claim 128. 

The Examiner considers the claim to antibodies with irnpr ved affinity to 

be enabled only for variants with FR substitutions at al the positions 

1 
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. . • 
for the exemplified better-binding variants. App icants strongly 

disagree with the rejection of claim 128 for all the re sons previously 

elaborated. Nonetheless, in order to expedite allowa ce of the case, 

claim 128 is amended herein to recite the FR substituti ns in the heavy 

chain variable region of the huMAb4D5-8 and huMAb4DS- variants which 

bound antigen more tightly than the parent antibody. 

claim language can be found on page 72, 

for the 

Due to the 

recitation of the FR substitutions, the functional !an uage concerning 

the improved binding has been removed from the claim. The Examiner 

indicated that such an amendment would address the maint ined Section 112 

rejection. 

The Examiner further stated in the above interview t 

Section 103 rejection of claims 113, 115-118, 123 and 

previous 

would be 

maintained unless Applicants could demonstrate the un xpected results 

through a side-by-side comparison of the antibody descr'bed in the cited 

Queen prior art and the antibodies of the t application. 

Applicants are now able to provide that comparison. 

Applicants attach the Physicians' Desk Reference® (PD 

humanized anti-Tac antibody (ZENAPAX®) of the Queen prio 
'-

note that the other humanized antibodies added to the 

In particular, 

) entry for the 

art. Applicants 

patents by 

way of CIP applications are not prior art to Applicant' invention set 

forth in the rejected claims herein. 

As noted in section entitled "PRECAUTIONS" in the PDR en ry for ZENAPAX®, 

when patients .received multiple doses of that humanized antibody, anti

idiotype antibodies to ZENAPAX® were detected in patient with an overall 

incidence of 8.4%. The presently disclosed bodies produce 

unexpectedly lower imm.unogenicity compared to that of th Queen antibody. 

This is demonstrated in the Shak declaration previously submitted which 

explained that patients receiving multiple doses of the humanized anti

HER2 antibody {HERCEPTIN®) exemplified in the present pplication only 

developed an antibody response 0.1% of the time {l of he 885 patients 

evaluated; see paragraph 4 of the Shak declaration) ; and 0% of the 

patients treated with an anti-IgE antibody humanized ccording to the 

2 

P93/13 

BIOEPIS EX. 1002 
Page 4414



·97-39-91 11:27 LEE Bes.ailable Copy 

--. . ' ~-. f 
I D=549 82~; 5751 • P94/13 

Serial No.: 08/146,206 

teachings of the above patent specification developed a HAHA response 

(paragraph 7 of the Shak declaration) . The total 1 ck of an immune 

response in 'the patients treated with the humanized ant -IgE antibody is 

particularly unexpected, given that the allergic and asthma 

patients treated 'therewi th we.re hyper-sensitive to reign antigens. 

Likewise, no significant immunogenicity upon repea'ted a inis'tration was 

observed for the anti-VEGF and anti-CDlla antibodies hu anized according 

to the teachings in the present application. Paragraph 8 and 9 of the 

Shak declaration. Applicants submit that this side-by c~mparison 

shows that the antibodies or the present application p unexpected 

properties with respect to minimal or no imrnunogenici y upon repeated 

administration to human patiencs. 

Reconsideration and withdrawal of the Section 10 

respectfully requested in view of the above. 

rejec'tion is 

Applicants believe that chis case is now in order for allowance and look 

forward to early notification of same. 

Data: July 30, 2001 

11111111111~11m11111111111111 

09157 
PATENr TR.>.OEMAIU{ omcll 

Res 

GEN 

lly submitted, 

I INC. 

By: ~b,l~...:::~~..L..---l---
Wen 
Reg. No. 40,378 
Telephone: (650) 225-199 
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VERSION WITH MARKINGS TO SHOW CHANGES E 

In the claims: 

Please amend claim 128 as follows: 

128. (Three Times Amended) A humanized variant of a no -human parent 

antibody which binds an antigen, wherein the humanized 

comprises Complementarity Determining ~egion (CDR} ami o acid 

residues of the non-human parent antibody incorporated into a human 

antibody variable domain, and further comprises Region 

(FR) substitution~ at heav ositions 71H 73H 93H 

utilizing the numbering system set forth in Kabat [wher the 

substituted FR residue: (a) noncovalently binds antigen directly; (bl 

interacts with a CDR; or (c) participates in the VL-v~ 'nterface by 

affecting the proximity or orientation of the VL and VH regions with 

respect to one another, and wherein the humanized varia t binds the 

antigen more tightly than and up to about 3-fold more t·ghtly than the 

parent antibody binds antigen]. 

4 

P85/l3 

BIOEPIS EX. 1002 
Page 4416



APPLICATION NUMBER FILING DATE 

UNITED a DEPARTMENT OF COMMERCE 
Patent and Trademark Office 
Address: a:JMMISSIONER OF PATENIB AND TRADEMARKS 

Washington. D.C. 20231 

FIRST NAMED APPLICANT ATIORNEY DOCKET NO. 

EXAMINER 

ART UNIT PAPER NUMBER I 

DATE MAILED: 
INTERVIEW SUMMARY 

All participants (applicant, applicant's representative, PTO personnel): 

<1> M/ .y-, 1-1 - TII-/VI J>& tit's 

(2) ,4,±t, '"'7;; ~ ~ v.,,,, 
Date of Interview;;/ o I 

(3) _ ___./A)-=---4:c~<jt--4-____ _ 
(4) ___________________ _ 

Type: D Telephonic D Personal (copy is given to D applicant ~ applicant's representative). 

Exhibit shown or demonstration conducted: D Yes D No If yes, brief description: ____________________ _ 

Agreement D was reached. D was not reached. 

Claim(s) discussed: __________________________________________ _ 

Identification of prior art discussed=--------------------------------------

( A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render the claims allowable 
must be attached. Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof must be 
attached.) 

1. D It is not necessary for applicant to provide a separate record of the substance of the interview. 

Unless the paragraph above has been checked to indicate lo the contrary. A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION 
IS NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW. (See MPEP Section 713.04). If a response to the last Office 
action has are ready been filed, APPLICANT IS GIVEN ONE MONTH FROM THIS INTERVIEW DATE TO FILE A STATEMENT OF THE 
SUBSTANCE OF THE INTERVIEW. 

2. D Since the Examiner's interview summary above (including any attachments) reflects a complete response to each of the objections, 
rejections and requirements that may be present in the last Office action, and since the claims are now allowable, this completed form 
is considered to fulfill the response requirements of the last Office action. Applicant is not relieved from providing a separate record of 
the interview unless box 1 above is also checked. · 

Examiner Note: You must sign this form unless it is an attachment to another form. 

FORM PTOL-413 (REV.1-96) 

BIOEPIS EX. 1002 
Page 4417



• t' 
r.'!nnMml C1l'i fil'cfr~nft !Eucm!nh'I~ ~r@cc~G£ro, ~,;fr!!:.;'!; 11~.@~ \Su!ID0Ros1~::i @1 61'vftoroi0tc1 rimMoft !al@ l'.!Jc~® @J ll\lo~@i'©'! 

.. 

A compl3te written statement as to the substance of .!illJLfaca-to-f;;ice or tilephona i.ntru:ltifil:t with regard to an application must be mada of mcord in Iha 
aopl!cation 1."Jhether or not an agresmant with tha eireminer was reachsd at tila interviev,. 

(b) In every instance where raconsi<faration is requested in vie~v of an inteivie1;J with an eJtaminer, a complete written statement of tha reasons presented at the 
interview as warranting favorable action must ba filfill by the applicant An Interview does not remove the necessity for rasponsa to Office action as spaciflsd in §§ 
1.111,1.135. (35 U.S.C.132) 

§ 1.2. Business to be lransactoo in writing. All business with the Patent or Trademark Office should ba transacted in writing. The personal attendance of 
applic&nts or their attorneys or agents at the Patent and Trademark Oliice is unnecessary. The-action of the Patent and Trademark Office Viii! ba based eJtclusively 
on the written record !n the Oilie0. No sttention l.':1ill ba paid to any a!lsgsd oral premiss, stipulation, or undsrstanding in relation to which thsra is disagre3menl or 
doubt · 

The acllon of the P11tent anti Trademark Office cannot b3 based eltclusively on the written record in the Offioo if thl!t record is itself Incomplete through the failura 
to record Iha substance of interviews. 

II is Iha responsibilily of the applicant or tha attorney or agent to mat-a ths substance of en inteivis\"J of rscord in the application file, unless the al!Smlner Indicates 
hs or she will do so. II is the eJtamimir's responsibility to see that such e record is made and to correct material inaccuracies which baar dirsctly on lhs qusslion of 
patentabitity. 

E11aminers must complete a lwo-sheal carbon interleaf Interview Summary Form for e&ch interview held after January 1, 1978 where a matter of substance has 
bean discussed during the interview by checking the appropriate bo1tes and filling in the blanks in neat handwritten form using a ball point pan. Discussions regarding 
only procedural matters, directed solsly to restriction requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Petent 
Examining Procedure, or pointing out typographi~I errors or unreadable script in Office actions or the like, are eJtcludad from Iha intervisv; recordation procedures 
below. 

The Interview Summary Form shall be given an appropriate paper number, placed in the right hand portion of the file, and listed on the "Conlents' lisl on the file 
wrapper. The dat:ket and serial register cards need not be updated to reflect interviews. In a personal interview, the duplicate copy of the Form is removed and given 
to the applicant (or attorney or agent) at the conclusion of the interview. In the case of a telephonic interview, the copy is mailed to the applicant's correspondence 
address either with or prior to the neJtt official communication. If additional correspondence from the eltaminer is not likely before an allowance or if other circumstanc.as 
dictate, the Form should ba mailed promptly alter the telephonic interview rather than with the next official communication. 

The Form provides for recordation of the following information: 

-Serial Number of the application 
- Name of applicant 
- Name of examiner 
-Date of interview 
- Type of interview (personal or telephonic) 
-Name of particlpanl(s)) (applicant, attorney or agent. etc.) 
-An indication whether or not an exhibit was shown or a demonstration conducted 
-An identification of the claims discussed 
-An identification of the specific prior art discussed 
-An indicaUon whether an agreement was reached arid ii so, a description of the general nature of the agreement (may be by attachment of a copy 

of amendments or claims agreed as being allowable). (Agreements as to allowabillty are tentative and do not restrict further action by the examiner to the 
contrary.) 

- The signature of the examiner who conducted the interview 
-Names of other Patent and Trademark Office personnei present 

The Form also contains a statement reminding the applicant of his responsibility to record the substance of the interview. 

It is desireable that the eJ1aminer orally remind the applicant of his obligation to record the substance of the interview in each case unless both applicant and 
. examiner agree that the examiner will record same. Where the examiner agrees to record the substance of the interview, or when It Is adequately recorded on the 

Form or in an attachment to the Form, the examiner should check a boll at the bottom of the Form informing tha applicant that he need not supplement the Form by 
submitting a separate record of the substance of the inteiview. 

It should be noted, however, that the Interview Summary Form witl not normally be considered a complete and proper recordation of the interview unless It includes, 
or is supplemented bv the applicant or the eJtaminer to include, all of the applicable items required below concerning the substance of the interview: 

A complete and proper recordation of the substance ot any interview should include at least the following applicable items: 

1) A brief description of the nature of any eJthibi! shown or any demonstration conducted, 
2) an identification of the claims discussed, 
3) an identification of specific prior art discussed, 
4) an identification of the principal proposed amendments of a substentive nature discussed, unless these are already described on the Interview Summary 

Form completed by the el!aminer, 
5) a brief identification of the general thrust of the principal arguments presented to the eltaminer. The identification of arguments need not be lengthy or 

elaborate. A verbatim or highly detailed description of the arguments is not required. The identification of the arguments is sufficient if the general nature 
or thrust of Iha principal arguments made to the eJtam!ner can be undersloOd in the conteJtt of the application file. Of course, the applicant may desire to 
emphasize and fully describe those arguments which he feels were or might be persuasive to the eJtaminer. 

6) a general indication of any other pertinent mailers discussed, and 
7) if appropriate, Iha ganaral results or outcome of Iha intarvkm 1.mless already dascribsd in the lnt.aiviaw Stimmary Form com!)latad by ilia examiner. 

Examiners are enpected to carefully review the applicant's record of the substance of an interview. II Iha record is not complete or accurate, tha el!Sminar will give Iha 
appHcant one month from the data of Iha notifying latter or Iha rernlillnc!:ar o1 any pariod for response, whichever is longer, to complete the response and thereby avoid 
abandonment of the application (37 CFR 1.135(c) ). 

Examiner to Check !or Accuracy 

Applicant's summary of what look place at tile interview should be carefully checked to determina the accuracy of any argument or statement attributed to Iha 
eltaminar during the interview. If there is an inaccuracy and ii bears directly on the question of patentability. it should be pointed out in the nallt Office latter. If Iha 
claims are allowable lor other reasons of record, Iha e,:aminer should oond a letter salting forth his or her version of the statement attributed to him. If U1s record io 
complete and accurate, the ellaminer should place the indil:ation "Interview record o:<" on the paper recording lh9 substance of the intervlsw along with the ciale snd 
the examiner's initials. 
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Patent Docket P0709Pl 

-mU~HE UNITED STATES PATENT AND TRADEMARK OFFICE 

.-------------.----------...1VED 
In re Application of Group Art Unit: 1642 

SEP O 6 7001 

TECH CENT R 1600/2900 Paul J. Carter et al. Examiner: Minh-Tam Davis 

Serial No.: 08/146,206 

Filed: November 17, 1993 

For: METHOD FOR MAKING 
HUMANIZED ANTIBODIES 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

Applicants submit herewith patents, publications or other information (attached hereto and 

listed on the attached revised Form PT0-1449) of which they are aware, which they believe may be 

material to the examination of this application and in respect of which there may be a duty to disclose 

in accordance with 37 CFR § 1.56. 

This Information Disclosure Statement is filed in accordance with the provisions of: 

[J 37 CFR §l.97(b) 
within three months of the filing date of the application other than a continued 
prosecution application under 37 CFR §1.53(d); or 
within three months of the date of entry of the national stage of a PCT 
application as set forth in 37 CFR§ 1.491, or 
before the mailing of the first Office action on the merits; or 
before the mailing of the first Office action after the filing of a request for a 
continued examination under 37 CFR §1.114. 

[X] 37 CFR §1.97(c) 
by the applicant after the period specified in 37 CFR §1.97(b), but prior to the 
mailing date of any of a final action under 37 CFR § 1.113, or a notice of 
allowance under 37 CFR §1.311, or an action that otherwise closes prosecution 
in the application, and is accompanied by either the fee set forth in 37 CFR 
§1.17(p) or a statement as specified in 37 CFR §1.97(e), as checked below . .,. 

I] 37 CFR §1.97(d) 
after the period specified in CFR §1.97(c), and is accompanied by the fee set 

I• ..• ; ' .... ..., ~ 
Vi.·"" ,\J.t--Jl..f 
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· forth in 37 CFR §1.17(p) and a statement as specified in 37 CFR §1.97(e), as 
checked below. 

[If either of boxes 37 CFR §1.97(c) or 37 CFR §l.97(d) is checked above, the following statement 

under 37 CFR §1.97(e) may need to be completed.J 

I] 37 CFR §l.97(e )Each item of information contained in the information disclosure statement 
was first cited in any communication from a foreign patent office in a counterpart foreign 
application not more than three months prior to the filing of this information disclosure 
statement. 

I] 37 CFR §1. 704(d) Each item of information contained in the information disclosure statement 
was cited in a communication from a foreign patent office in a counterpart foreign application 
and the communication was not received by any individual designated in § 1.56(c) more than 
thirty days prior to the filing of this information disclosure statement. Therefore, in accordance 
with the provisions of 37 CFR § 1. 704(d), the filing of this information disclosure statement will 
not be considered a failure to engage in reasonable efforts to conclude prosecution under 37 CFR 
§1.704. 

[XJ The U.S. Patent and Trademark Office is hereby authorized to charge Deposit Account No. 07-
0630 in the amount of $180. 00 to cover the cost of this Information Disclosure Statement under 
37 CFR § 1.17(p). Any deficiency or overpayment should be charged or credited to this deposit 
account. 

A list of the patent(s) or publication(s) is set forth on the attached revised Form PT0-1449 (Modified). 

A copy of the items on PT0-1449 is supplied herewith. 

Those patent(s) or publication(s) which are marked with an asterisk(*) in the attached PT0-1449 form 

are not supplied because they were previously cited by or submitted to the Office in a prior application 

Serial No. 07/715,272, filed 14 June 1991 and relied upon in this application for an earlier filing date 

under 35 USC § 120. 

A concise explanation of relevance of the items listed on PT0-1449 is: 

[XJ not given 

I] given for each listed item 

I] given for only non~English language listed item(s) [Required] 

I] in the form of an English language copy of a Search Report from a foreign patent office, issued 
in a counterpart application, which refers to the relevant portions of the references. 
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In accordance with 37 CFR §1.97(g), the filing of this information disclosure statement shall not 

be construed as a representation that a search has been made. 

In accordance with 37 CFR § 1. 97 (h), the filing of this information disclosure statement shall not be 

construed to be an admission that the information cited in the statement is, or is considered to be, 

material to patentability as defined in 37 CFR § 1.56(b). 

In the event that the Office determines a fee to be due where none is specifically authorized in this 

paper, the U.S. Patent and Trademark Office is hereby authorized to charge Deposit Account No. 

07-0630 in the amount of $180. 00 to cover the cost of this Information Disclosure Statement under 37 

CFR §1.17(p). 

Date: August ~0 , 2001 

I lllllllllll 11111111111111111111111 

09157 
PATENT TRADEMARK OFFICE 

Respectfully submitted, 

GE~~ECH, INC. 

By: ~X, ~~ 
~ X. Cui Reg. No .. 44,637 
for Wendy M. Lee Reg. No. 40,378 
Telephone No. (650) 225-1994 
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File History Report 

o Paper number(s) is/are missing from 
the United States Patent and Trademark Office's 
original copy of the file history. 

~e following page(s) I of paper number 
G,t,f is/are missing from the United States Patent 
and Trademark Office's original copy of the file 
history. 

o The following checked item(s) of paper number 
__ is/are missing from the United States Patent 
and Trademark Office's original copy of the file 
history. 

o PT0-892 Form o PT0-1449 Form 

o PT0-948 Form o Other 
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to this declaration which represent excerpts from our laboratory notebooks with dates obscured. 

4. Exhibit A provides the amino acid sequences ofhwnanized 4D5 (anti-HER2) antibody variable 

domain sequences. A humanized antibody (Hu4D5 Fab) comprising the Hum4D5a VL and 

Hum4D5a V8 sequences from Exhibit A (the variable domain sequences of the variant called 

"huMAb4D5-5" in the above application) was recombinantly produced and folllld to bind the HER2 

antigen as evidenced by the laboratory notebook entries in Exhibit B attached hereto. Hu4D5 Fab 

comprised a heavy chain variable domain comprising non-human CDR amino acid residues which 

bolllld antigen incorporated into a human antibody variable domain, and further comprised a FR 

amino acid substitution at site 73H. The experimental work in Exhibits A and B was completed 

prior to September 28, 1990. 

We declare further that all statements made herein of our own knowledge are true and that all 

statements made on information and belief are believed to be true; and further that these statements 

were made with the knowledge that willful false statements and the like so made are pW1ishable by 

fine or imprisonment or both, under Section 1001 of Title 18 of the United States Code and that 

willful false statements may jeopardize the validity of the application or any patent issued thereon. 

Date: 
Paul J. Carter 

Date: /,ff. If) ;J.co1 ,~£ /;c?Adtt-, 
Leonard G. Presta/ 
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Genehi:6ch. In~. 
Genentech, Inc. 
Genentech, Inc. 
Genentech, Inc. 
Genentech, Inc. 

1 DNA WAY 
South San Francisco, CA 94080 
(650) 225-1994 
Facsimile; (650} 952·9881 

DATE: October 2, 2001 

FACSIMILE TRANSMITTAL 

t, 

Please deliver the following Supplemental Amendment, Vincenti et al. reference, and 

Declaration under 37 CFR §1.131 with attached Exhibits A and B to: 

NAME: Examiner Minh.Tam Davis. Group 1642 
U.S. Patent and Trademark office 
Washington, DC 20231 

Fax No.: (703) 308-4426 

FROM: Wendy M. Lee 
Registration No.: 40,378 

RE: U.S. Serial No.: 08/146,206 
Our Docket No.: P0709P1 

Number of Pages including this cover sheet - J.o 
. -

Certificate of Facsimile Transmission Under 37 CFR § 1.8 

In accordance with CFR § 1.6(d), this correspondence addressed to The Patent and Trademark Office, Box: 
Assignments, Washington, DC 20231 is being transmitted to facsimile No. (703) 308·4426 

CONFIDENTIAL NOTE 
The documents accompanying this facsimile transmission contain information from GENENTECH, 1·Nc. which is 
confidential or privileged. The Information is !mended only for the individual or entity named on this transmission 
·sheet. If you are not the intended recipient, be aware that any disclosure, copying, distribution, or use of the contents 
of this faxed information is stricrly prohibited. If you have received this facsimile in error, please notify us by telephone 
immediately so that we can arrange for the return of the original documents to us and the retransmission of them to 
the intended recipient. 

If you do not receive all pages, please notify Wendy Lee at (650) 225-1994. 
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Patent Docket P0709Pl 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Paul J. Carter et al. 

Serial No.: 08/146,206 

Filed: November 17, 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

Group Art Unit: 1642 

Examiner: Minh-Tam Davis 

Cenit:1.c:a"" or ra.,.1 .. ue Tranomunon UnCS..- :,? era S 1. a 

In ae<;0rd•ru:o -,.i\r, C.FII t ·-,, 6tdL thi~ corte$pond11n.:11 addres'-Dd to 
i.;i•mincr Mml\•Tam Of~ ,11 n.,)P,ncnt al'Kl Tr<ld .. rnatll: Office. W""1n!l!On. 
DC 2DZS1 i11 being tron~ to tj&imile No. P03l lOB-4,26 

'\JEir 07'vvlMlv 4kdy M. Lee 

SUPPLEMENT.AL SUBMISSION 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

P92/19 

The undersigned confirms having discussed the present application with 

Examiners Caputa and Davis in the interview on August 29, 2001. Based on and 

responsive to that discussion, Applicants wish to provide the following 

additional observations and information. 

Statu~ of Previous Rejections 

During the most recent interviews, Examiner Davis indicated that the 

Section 112 and 102 rejections would likely be withdrawn, but that certain of the 

claims may continue to be rejected under Section 103. The following comments 

address the 103 rejection. 

Addi.t.ional Information on 7..ENAPAX® 

Examiner Caputa r~quested that evidence be presented to demonstrate that 

ZENAPAX® - for which Applicants provided the side-by-sida compa:d.son in the July 

30, 2001 amendment - was the same as the antibody in the cited Queen references. 

To confirm that ZENAPAX® (Daclizwnab) is the humanized anti-IL2 receptor antibody 

described in the cited Queen patents and Queen, PNAS (1989) paper, Applicants 

di~ect the Examiner's attention to the attached copy of Vincenti et al. N. Engl. 

J. Med. 338:161-165 (1998). Vincenti cc al. refers to Daclizumab (the generic 
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name for the ZENAPAX@ antibody - see PDR entry attached to the July 30, 2001 

amendment) and states in column 2 on page 161 that it is a molecularly engineered 

human IgGl incorporating the antigen-binding regions of the parent, murine 

monoclonal antibody. There, Vincenti cross-references the Queen et al. PNAS 

(1989) paper (ref. no. 14 in Vincenti et al.) ~s describing Daclizumab. Hence, 

Applicants submit tha~ ZENAPJ!..X®/Daclizumab is the humanized anti-IL2 receptor 

antibody described in the cited Queen references. 

R~jecLion of. Claim 113 under 35 USC 103 basad on Queen in view of Kabat 

'l'he Office Action dated October 25, 2000 (hereinafter, "Action") includes 

a rejection of claims 113, 115-118, 123, and 127-128 made under 35 USC 103 as 

being obvious over Queen in view of Kabat. Applicants submit this response to 

supplement and clarify their previous remarks. 

P93/19 ·., 

Applicants have previously explained why the Action's conclusions of 

obviousness made against claim 113 are formed through improper use of hindsight 

in interpreting the words of the disclosure of Queen. Applicants have also 

pointed out functional attributes of the humanized antibodies of claim 113 of the 

present invention that reflect unexpected results, thus providing a distinct and 

separate basis for overcoming cha rejection imposed under §103. Through this 

supplemental amendment, Applicants respond to points made by Examiner in the 

Action, and as suggested in personal and telephonic interviews conducted earlier 

this year. On the basis o.f each cf these points, Applicants respectfully submit 

that the Examiner has not presented and cannot sustain a prima facie showing of 

obviousness cf the claimed inventions. In particular, the Queen disclosure fails 

to disclose the requisite motivation to combine it with Kabat to set forth a 

prima facie case of obviousness of claim 113. 

It is well established that in order for a combination of refer~nces to 

render an invention obvious, there must be a clear motivation in the references 

that their teachings can be combined. In re Avery, 518 F. 2d 1228 (1975, CCPA). 

The mere fact that references address issues within the same: field cf the 

invention does not render the resultant combination obvious unless the prior art 

also suggests the desirability of the combination. ACS Hospital Syseems Inc. v. 

Montefiore Hospical, 732 F.2d 1572 \Fed. Cir. 1984). In fact, "(t)he referances, 

viewed by themselves and not in retrospect must suggest doing what applicant has 

done" In re Skoll, 523 F.2d 1392 (1975 CCP.Z\.). Furthermore, the Federal Circuit 

and the PTO have made it clear that where a modification must be made to the 
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P94/19 

prior art to reject or invalidate a claim under 35 USC §103, there must be a 

showing of proper. motivation to do so. In order ~o establish obviousness, there 

must be suggestion or motivation in the references. In re Gordon, 733 F.2d 900 

(Fed. Cir. 1984). 

The Action asserts that combining the references to provide the advantages 

cf the present invention would be obvious. However, it identifies nothing within 

the applied references that would suggest combining those references to arrive 

at the claimed invention. Rather, the Action improperly cites the findings of In 

re Kerkhoven, 626 F.Zd 846 {C.C.P.1> .. 1980) to support the conclusion of 

ob·.riousness. Specifically, the Action states that combining the references 

"would have logically flowed from their having been individually taught in the 

prior art, and because patent '762 teaches the use of 'consensus sequence', for 

the same purpose of producing humanized monoclonal antibodies for therapeutic 

purposes." Applicants contend, however, that the use of K~rkhoven in the present 

case to support a finding of obviousness is improper as the facts of that case 

are distinguishable from those at hand. 

In Kerkhoven, the Appellant's claimed a process for producing a detergent 

containing a mh:ture of anionic and nonionic detergent materials. In that 

method, the Appellant's combined two compositions, eac:h taught by the prior art 

to be useful for the same purpose, in order tc form a third composition that was 

also useful for the same purpose. the patent examiner rejected the method as 

obvious in light of the prior art under 35 U.S.C. §103. The Court of Patent 

Appeals affirmed the rejection and stated that the idea of combining two 

compositions taught by the prior art to be useful for the same purpose in order 

to form a third cumposition to be u.sed for same purpose as the individual 

components is prima racie obvious. Id at 850. 

The holding in Kerkhoven cannot be applied to the ins~ant situation. Most 

significantly, the disclosure of Quei?n does not teach the usefulness of a 

sequence "comprising the most frequently occurring amino acid residues at: each 

location in all human imrounoglobulin$ of a human heavy chain immunoglobulin 

subgroup" for the purpose of humanizing antibodies, which concept is disclosed 

and claimed in the present application. In contrast, the Queen patent merely 

refers co using a "consensus framework from many human antibodies" for humanizing 

antibodies (column 13, line 7). One of skill in the art intarpreting the phrase 

"many human antibodies" as recited in Queen would construe the phrase to refer 

to an arbitrarily selected group of human antibodies, with the specification 
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guiding that such an arbitrarily sc.:lected group should consist of sequences that 

ar€! "unu8ually homologous to the donor irnrnunoglobulin to be humaniiad" (column 

13, line 6J . 

P95/19 

There is no specific teaching, suggestion or motivation found in the Queen 

disclosure that would direct a person of ordinary skill 'to select sets of 

consensus sequences that correspond to what is disclosed and claimed in the 

prasent application. Specifically, in contrast to Queen, the. term "consensus" is 

use:d in the present application to refer to the rela'Cionship among a well-defined 

group of human antibody subgroups. See, page 14, lines 29 to 35 and page 15, 

lines 1-25 of disclosure. 

The lack of any specific teaching or motivation in Queen is not cured by 

the disclosure of Kabat. The Action's analysis of Kabat does not provide any 

suggestion that the frequency cf occurrence of amino acid residues in the 

immunoglobulin chains can be ex:ploited or used for any particular purpose related 

to humanizing antibodies. 

Indeed, nothing in the '762 patent or in Kabat taaches that a human 

~ariable domai.n comprising the most frequently occurring amino acid residues at 

each location in all human immunoglobulins of a human heavy chain immunoglobulin 

subgroup is useful for producing humanized monoclonal antibodi€S for therapeutic 

purposes. Therefore, regardless of what usefulness may be ascribed to the 

"consensus framework from many human antibodies" taught in the '762 paten't, the 

sequences taught by Kabat could not have been, and were not, identified in the 

cited art as being useful for producing humanized monoclonal antibodies for 

therapeutic purposes. Because the prior art had not equated the potential use 

of the "consensus framework from many human antibodies" taught in the '762 pat:ent 

with the potential use of ~he sequences taught by Kabat, the cited art does not 

provide motivation to substitute the sequences identified by Kabat for t.he 

sequ~nces referred to in the '762 patent. 

In summary, in Kerkhoven, both components had been taught by the prior art 

to be useful for the same purpose, and, in addition, the resulting component was 

also useful fort.he same purpose. However, in the instant situation only one of 

the prior art component:s, namaly the "consensus framework from many human 

antibodies" as recii:ed in the '762 patent, had been referred to for "producing 

humanized monoclonal antibodies for therapeutic purposes." Therefore, Kerkhoven 

does not control the facts of the present application, and a prima facia case of 
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obviousness on the basis of Queen in view of Kabat is improper because there is 

no suggestion or motivation to combine the cited references. 

Applicants respectfully requast that the rejection of claim 113 on the 

basis of Queen in view of Kabat be withdrawn. 

Rejection of Claims 115-118, 123 and 127-128 under 35 USC 103 on th~ basis of 

Queen in view of Kabat 

Claims 115-118, 123 and 127-12B have also been rejected under 35 USC 103 

on the basis cf Queen in view of Kabat Since the rationale for this rejection 

and the tacts that control its disposition are distinct from those related co 

claim 113, Applicants are separately addr~ssing tha basis of the rejection of 

these claims. 

Each of the rejected claims recite substitutions at specific FR positions. 

Applicants have explained that the Queen '762 patent relied on in the Section 103 

rejection did not describe a humaniz~d antibody having these specific FR 

substitution (s), except for antibodies comprising a 73H FR substitution as 

claimed herei.n. With respect to the 73H substitution, Applican-cs provide herewith 

a swearing behind declaration showing a completion of that invention by the 

inventors of the present application prior to September 28, 1990 - the 2M Queen 

CIP filing date, after which time the disclosure concerning the 73H substitution 

was added. 

The Office has not advanced any reasons why substituting the specifically 

identified FR positions recited in the claims would have been obvious in view of 

Queen. The.previous 103 rejection was based on the sequential numbering of the 

FR residues, rather than the Kabat numbering as presently claimed - se€ the April 

25, 2001 amendment which clarifies this distinction at pages 8 and 13. In this 

regard, Examin~r Caputa asked that Applicants emphasize the selection invention 

claimed herein by contrasting the specifically recited FR substitutions to the 

disclosure in the Queen patent. Aside from the specific FR substitutions for 

the exemplified humanized antibodies, Quean refers to FR substitutions in 

Categories 2-4 (columns 13-15 of the '762 patent). Thus, according to Queen, any 

one of the approximately SO Vi. FR resid11es or approximately 87 VH FR residues can 

be substituted according to those criteria. This would not provide a specific 

teaching as to the selection invention set forth in claims herein which recite 

specific FR posicions to be substitut~d. 
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In considering the appropriateness of the rejection of these claims on the 

basis of Queen in view of Kabat, che Examiner's attention is direct€d to the 

Federal Circi.1.it decisicn of In re Baird, 16 F.3d 380. In Baird the court held 

~hat a reference, wh.i.ch discloses~ generic formula that encompasses a species 

claimed by applicant did not rander the species obvious because there was no 

motivation provided to select the par.ticular species that applicant claimed. 

Moreov€r, the vast numbor of species encompassed by the reference's generic 

disclosure, and the fact that the preferred species of the reference were 

different from the applicant's species led the court to conclude that the 

reference did not fairly suggest the selection of the particular species claimed 

by applicants. 

Baird controls the question of non-obviousness of claims 115-118, 123 and 

127 in the present situation. .As Applicants have previously indicated, the Queen 

disclosure reveals a genus that encompasses a vast number of species. According 

to Queen, any one of the approximately 80 VL FR residues or approximately 87 VH 

FR residues can be substituted according to their criteria. This would not 

provide a specific te~ching as to the sele~tion invention set forth in claims 

herein which recite specifically identified substitutions in FR positions. 

Further, as explained at the incerview, the present case is entitled to a 1991 

filing date and, as such, represents one of the eG1rly disclosures concerning 

humanized antibodies. Applicants submit that this should be taken into account 

when reconsidering the patentability of the present invention over the prior art. 

For these reasons, Applicants respectfully request that the rejection of 

claims 115-118, 123 and 127-128 be withdrawn. 

Conclusions 

In light of the above and previous amendmants and remarks, .Applicants 

respeccfully submit chai: all pending claims as currently presented are in 

condition for allowance. 

6 

BIOEPIS EX. 1002 
Page 4430



1e-e2-s1 1s:41 LEE • I D=54w25 5751 

Applicants believe t:hat: is application is now in condition for allowance, 

and look forward 'CO early notification that effect. If however, ,::here are 

outstanding issues, t:he Examiner is invited to cal.l the undersigned to discuss 

those. 

Date: October 2, 2001 

llll~l l~l lllll lllll lllll llll llll 
09157 

Respectfully submitted, 

GENENlTEn INC~. 

By:/u h\Ms) 
Wendy !-1. Lee 
Reg. No. 40,378 
Telephone: (650) 225-1994 
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Patent Docket P0709P 1 

IN THE UNITED STA TES PATENT AND TRADEMARK OFFICE 

In re Application of 

Paul J. Carter et al. 

Serial No.: 08/146,206 

Filed: November 17, 1993 

For: Method for Making Humanized 
Antibodies 

Group Art Unit: 1642 

Examiner: Minh-Tam Davis 

DECLARATION UNDER 37 CFR § 1.131 

Assistant Corrunissioner of Patents 
Washington, D.C- 20231 

Sir: 

We, Paul J_ Carter and Leonard G. Presta, do hereby declare and say as follows: 

I. \Ve are inventors of the subject matter of the above-identified patent application. All work 

described hereinafter was performed by us or on our behalf in the Unites States of Ameiica_ 

2. Prior to September 28, 1990, we conceived of and reduced to practice a humanized antibody 

heavy chain variable domain comprising non-human Complementarity Determining Region (CDR) 

amino acid residues which bind antigen incorporated into a human antibody variable domain, and 

further comprising a Frmnework Region (FR) amino acid substitution at site 73H, utilizing the 

numbering system set forth in Kabat, as weU as an antibody comprising that humanized variable 

domain. 

3. Evidence of the reduction to practice of the claimed invention is set forth in the exhibits attached 
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to this declaration which represent excerpts from our laboratory notebooks with dates obscured. 

4. Exhibit A provides the amino acid sequences ofhumanized 4D5 (anti·HER2) antibody vaiiable 

domain sequences. A humanized antibody (Hu4D5 Fab) comprising the Hum4D5a VL and 

Hum4D5a V H sequences from Exhibit A (the variable domain sequences of the variant called 

"huMAb4D5-5" in the above application) was recombinantly produced and found to bind the HER2 

antigen as evidenced by the laboratory notebook entries in Exhibit B attached hereto. Hu4D5 Fab 

comprised a heavy chain variable domain comprising non-human CDR amino acid residues which 

bound antigen incorporated into a human antibody variable domain, and further comprised a FR 

amin.o acid substitution at site 73H. The experimental work in Exhibits A and B was completed 

prior to September 28, 1990. 

\Ve declare further that all statements made herein of our own knowled_ge are true and that all 

statements made on inforn1ation and belief arc believed to be true; and further that these statements 

were made with the knowledge that willful false statements and the like so made are punishable by 

fine or imprisonment or both, under Section 1001 of Title 18 of the United States Code and that 

willful false statements may jeopardize the validity of the application or any patent issued thereon . 

Date: 
( I 

. t!»ud J. ~tr-
? aul J. Carter 

Date: 
Leonard G. Presta 
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l'lwnk.spI I.tu ASN trr> t.yl" ~lr, gln ly:i pro gly lys .:ila pro ly;: lc:u l<'U Uc 
Hl.ll!IG05,> VAJ.. ALJ,,. 
HYll\40'.it; wu. l\l.J\ 
llum40Sc V/IJ. Af.J\ 

50 oO 
humkapl ty1· l'J.J,. AI.A. Si::ll St!!! LI::U GL.U SE:f< gly v;.l pro scr ilr<J pl'le e-::r gly 
H<l!ll40~il $£R PHI, 
till/II~ U5b 5Ef<. >'Ill!: 
Hum4D5c !>ER PH.t :rrii • 

70 80 
hWT\Jl:apl s~r 9ly ser gly t.lU' asp phc, r.h.r \c:u t.hr ik scr ser lcu gln pn, 
HUIMD5-~ i,rg 
Hu1n10::ib gly• 
Hull\4l>5c i,rs 

90 
h1.1nik.:1pl ,;lu .:isp phe al.i t.tu· tyr tyr C'JS GUI GLN T\'R /\Sri St!! LEU PRO T¥R 
11Wn405a HIS TYR '.trill 'EHR PRO 
Hum105b IIIS T'tR THR TUR PRO 
HwM05c: t!I5 ?YR THR 'l'HR l'RO 

100 
hUlllko,pI THR phe g).y gln gly 
H•.11MO~i1 

t11r lys val 9lu He lys arg r.hr 

ll,lffl405b 
HWMD5c 
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20 30 -'---:---~····+ hw,d,ii == le1.1 arg lc1.1 ser cys ala .. i ... ser Ct.'r PHE '.l'HR PHE SER t.SP 'l"tR 
· ; ffwn40:Sa ASN ILE L\'S 'l'IIR 

Hum10Sb ASN It.t; L't'S TUR --·- ...... - 1 ~ 

. --·· ··-r~ ····~·------r
~ ...... ..: ... _. ··'.----·"'···+-

.-.. ·-·······:- •-~-
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' - • ·?"···-. · ..... ·~ . 
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1!1.llll405c . ASN ILE !.'tS 'l'HR 

hum.iii. 
kwn<1DSa 
Hu.m-!0Sb 
Hwuosc 

hum1.ii 
llwu10Sio 
kwn405b 
lt1.11MD5c 

hwnlll 
Ht.un1DS" 
IIW!l40Sb 
Kwn40Sc 

hwni.1.1. 
Hum4DS .. 
Hum~C.Sb 
kum40Sc 

hwniii 
HwMDSa 
Hum.f0Sb 
Hum4D5c 

<10 
>JJ, M£l' SER t.rp val arg gln 41.,_ pro giy lys gl, leu gl1.1 trp v.,_l 
?:rk l~ HIS 
r:rn IL£ HIS 
t'l'R ILE H1S 

so 5~ 52a S3 50 
ala v;u, ILE Si:!! GW AS.N C.:LY .SER 1'SP THR 'l''t'R l"1'R ~ ASP SER Y~ 

MG 'l'rR i'RO 1'HR J>.SN CL'! 'l''tR ARG 
ARG T'tli. PRO 'l'liR ASfl GL't '!'YR ARC 
I.RG Tl'R PRO l'llR ASN GLlt' TrR ARG 

iO 
L'tS CLT arg phc thr tlc ser "rg asp ~Sp ser lys asn i:hr leu t.yr 

da tllr ill'l 
ah thr lau·· 
.,,la t:hr .. 1 .. 

80 ~2 82a 6:lb 62c 83 90 lCIJ gln met a:.n ser leu i\.l''J 4l!I. <JlU "'-P tl\r ;,l,1 V«l i:yr tyr cys 

100 a b C 101 
a.14 ..U'J ASP A.RG GLr GLT l\LJ. VAL S£R TrR GL't ASP VAL t.1:p gly 9ln 
£c;r 'rRE' GL'i C:L't ASP Cl.T PH£ Tl'R )lj,, MET II.SP 
ser 'l'RP CLT GLY ASP GL'i PHE 'r'tR ~ KET ASP 
s~ '.rRP GL:r i.r;r ASP CJ,'{ PHE l"CR J,J.A MET ASP T't'R" 

hwnlli 911 t:hr lau vd t.hr v.il scr ser 
HWMD54 
HWMD5l> 
llum4D5c 

' .• ·.---·. '"" .. ..,.· -- ... ·.• ... ··-.··· ·--.. ··~· .... '1'" ----.:' 
! ; : ·- ··-····r·-···:--""'7. ~--·--~· 
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INTERLEUKIN-2-RECEPTOR BLOCKADE WITH OACLIZUMAB TO PREVENT REJECTION IN RENAL TRANSPLANTATION 

INTERLEUKIN-2-RECEPTOR BLOCKADE WITH DACLIZUMAB TO PREVENT 
ACUTE REJECTlON IN RENAL TRANSPLANTATION 

Ft.Avie V1NcENn, M.D .• RosERT KIRKMAN, M.D .• SusAN L1GHT, M.D .• GINNY BuMGARDNER, M.D., PH.D., 
MARK Pescov1rz. M.D .. ?H11.1P HALLORAN, M.O .. P1-1.D .• JOHN NeYL.AN, M.D., ALAN WILKINSON. M.D., 

HENRIK EKBERG, M.D., PH.D., ROSERl GASTON, M.D., I.ARS BACKMAN, M.O .. PH.D., 
ANO JAMES 8uROICK, M.D., FOR THE 0ACLIZUMAS TRIPLE THERAPY STUDY GROUP" 

ABSTRACT 

Backpround Monoclonal antibodies that block the 
high-affinity interleukin-2 receptor expressed on al
loantigen-reactive T lymphocytes may cause selec
tive immunosuppression. Oaclizumab is a genetical
ly engineered human lgG1 monoclonal antibody that 
binds specifically to the o chain of the interleukin-2 
receptor and may thus reduce the risk of rejection af
ter renal transplantation. 

Methods We administered dacliiumab (1.0 mg per 
kilogram of body weight) or placebo intravenously 
before transplantation and once every other week af
terward, tor a total of five doses. ro 260 patients re• 
ceiving first cadaveric kidney grafts and immuno
supp·ressive therapy with cyclosporine. azathioprine, 
and prednisone. The patients were followed at regu
lar intervals for 12 months. The primary end point 
was the incidence of biopsy-confirmed acute rejec
tion within six. months after transplantation. 
Results Of the 126 patients given daclizumab, 28 

{22 percent) had biopsy-confirmed episodes of acute 
rejection, as compared with 47 of the 134 patients 
(35 percent) who received placebo (P ""0.03). Graft 
survival at 12 months was 95 percent in the da
clizumab-treated patients. as compared with 90 per
cent in the patients given placebo (P,:-0.08). The pa
tients given daclizumab did not have any adverse 
reactions to the drug. and at six months, there were 
no significant differences between the two groups 
with respect to infectious complications or cancers. 
The serum half-life of dacfizumab was 20 days, and 
its administration resulted in prolonged saturation of 
interleukin-2a receptors on circulating lymphocytes. 

Con&lii.sions Oaclizumab reduces the frequency of 
acute rejection in kidney-transplant recipients. {N Engl 
J Med 1998:338:161-5.} 
<fl1998. Massaenusert$ Me:c:ic.il S.oeiety. 

A CUT~ rejc_cci~n is ~ stro~g- risk factor for 
chrome rejection m rcc1p1cms of renal 
grafts from cadaveric donors.1 This fact 
has promprcd the development of new 

imnrnnosuppressivc agems designed to reduce the 
incidence a11d severity of acme rejection.H All these 
agents, however, achieve reduct.ions in che frequency 
and severity of acute rejection at the price of gcncr· 
alized immunosuppression, with its accendant risks 
of opportunistic infection and cancer. 

One potential target for more specific immuno
supprcssivc therapy with monoclonal antibodies is 

the imcrleukiu-2 rcccpcor.7 The higb·affinity intcr
leukin-2 receptor is composed of three 11oncovalcnc
ly bound chains: a 55-kd a chain (also referred co 
as CD25 or Tac), a 75-kd J; chain, and a 64-kd 
1' cha.in.7 This receptor is present on nc:.1.rly all acti
vated T cells but not on resting T cells. The interac
t.ion of imerleukin-2 wich this high-affinity receptor 
is required for the dona! expansion and corn:inued 
viability of accivated T cells. A variety of rodent 
monoclonal antibodies directed against the a chain 
of the receptor have been used in animals and 
humans to achieve selective immunosuppression by 
targeting only T-ccll clones responding co the al· 
lograft.B·ll Dadizumab, a molecularly engineered 
human IgGl incorporating th; anagen-binding re
gions of the parent murine monoclonal antibody, 
offers the pocemial for greater d,is_r~pcutic use of in
cerkukin-2-rccepcor blocb~ ·17 ~e compared the 
efficacy of daclizumab with placebo for che prevtn· 
tion of acule rejection in renal-transplant: recipients. 

METHODS 

Study Design 

We performed l r.1ndomizcd, double-blind, pla.ccbo-conrrolkd 
trbl ar l l transpbntatie>n c:cmcrs in the United Sr:ircs, 3 in Can· 
ada, and 3 in Sweden. Adults recci\'ing first renal allo0>r:iJts from 
cadave,·ic donor.. were eligible for the stu<ly. Patients were cx.:lud· 
cd if they wen: receiving multiple org:1n tran~plants or h.:i.d :i pos· 
icive crossm:itch for T·ccU lymphocycc~. Th~ protocol was ap· 
proved by the instirutio,,al review bo.ird or ethics commim:c at 
each p:u•ricip,lling center, and all paticnc:; gave written informed. 
consent. 

lmmunosuppressive Treatment 

All patiems received cydosporinc, azr.rhk)princ, and predni· 
sonc. The first d;,sc of cydosporinc w:is given during the period 
from 12 hours bcfure m 24 hours after ccanspl:inration. 

Dadiiumab (Zen:ip~x, Hotlinann-LaRochc) or pl:!.:ebo was 

----~·-· .. ·----
From rhc: Unh·cr,,ry of C;1lif(,rni~, San Francisco (l'.\1.}; B.-ii;h:.m ~nd 

Wonicn', Huspira!. Boston (R.K.); HolJ'mann-1..aRochc, Nutley, N,J. 
(S.l.); Chi<> Sme University, Columbus (G.8.); lndianJ University, lndi
an~polis (M.P.); rhc Llnivcrsicy of Alberta, EdmontOn, Altll., Canada 
(P.H.}; Emory Univcr.iry, AtlJl'lt~ <J.N.); the University of C~lifimii,, Los 
Ani;ck,; {A.W.); 1'Mml) Uni,cNity H(i;pit~I, Maline, Sweden (H.E.); the 
UnivcBiry ,.if Al;tl>ann, Bim1il1gham {R.G.); ~hlgn:n:.b Hospiul, Goth· 
cnhuri;, Sweden (L.B.); and John• Hopkins University, B.ilcimore (J.B.) . 
.'\rldi'CS> reprint requests to Or. Vinccuri ~r rh<: Tr•nspL,nc Service, Univcr· 
siiy of Califon1il, San frands.:o, 505 l''Jtim~us A..:., Rm. M88+, '6ox 
011.6, San Francisco, CJ\ 91143·0116. 

• Ocher mcmbc« of chc Dadizurn~b Tripk 111.:r,py Srndy (.~roup arc 
listed in the Appendi~. 
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administacd intr,\v,,;nously over :i period of 15 minute$. Ead1 p:\· 
tient received iivc doses of either da.:Jizumab ( l mi; per kik>gr:l,n 
<>f b,,dy weighr, to a m,1:,cimum of 100 mi; per dO$c) or placebo 
(0.2 mg of p<ilysorb.He 80 per milliliter in 67 mM ph<.>splure 
buftc:r). The first Jc>se was administered within 24 hours before 
tr..\llspl:incalic>n, wich subscqu.:nc dos~s given r,,o, foltf, six, and 
eighr weeks :ifter mmsplantation·. 

Primary and Secondary End Points 

The primary end point nfthe study w~ the incidence ofbiop· 
sy-.:onfirmcd :\cure reje1.,:ion within the fir:;t siA months afr,r 
rranspbnt:itio1\. All p1ric,us wirh :i.n unexplained rise in the: ~crum 
.:rc:itininc concc.ntrui<m ,)r <)Ile ,,r n1,,re symptoms ,,f acute C<:· 
jection (l~vcr, pli11 over the gc:ifr, or a dccrusc in urinary vollun~) 
were r~uircd to undergo~ rcn:il biopsy within 24 hours alter thi:. 
initiation of antir.:jcc.tion th<".r:,py, whic:h consisted initiJlly of in· 
rc:ivenous methylprcdnisolc>m:. (7 ms per kilngrlm per d:2y} ti:,r 
three d)ys. 'the hiscologic dia~nosis of rcjcctio1, was b)sed <•n tile 
presence of ac1m: wbuliris or v.u.::ulitis and was made by the: p:1· 
rhologisc at each irutitutiun. l",Hi,ms wen: considered to Juve 
presumptive ~ejection if they received a .:oucsc of a11circjc,ricin 
therapy in the absence of hisrologic confirmatiun of rejection. 
The diagnosis of any subsequent episodes c:,f rejection in patients 
p,·esenring with renal dysfunction was based on cli,,i.::il criteria, 
such as the :ibscnce of evidence of ncphrotoxicity or of u,fo3ry 
tract obstruccion or infection, ,vith :i biop~r fur confirmation per· 
formed at the invcstis;acoc':; discrcrion. 

Sccon,bry end points indudc:d paticnc survival ~n,; gr:ifr sur
vival at one yc.,r, the time to the first episode of acute rcjc.::tion, 
the number of acute rcjccrion episodes per patient, the need for 
:.mtil}mphocyrc therapy (OI<T3 Or' 1x,lydon:u :antithymocytc i;!i>b· 
ulin) because of glucoc:orticoid-resisrnnt rejection (defined :is the 
absence of :. rc~ponsc. to intravenous methylprcdnisolonc pulse 
cher-~py), 5rafi: function (as indiCJtcd by the scrum creatininc ,on· 
.:enrr-arion and glomerubr !iltr.irion rare), :.nd the cumulati\'c 
dose of prednisone in the !irst si.:i: months ali-er cransplancaticm. 

Pharmacokinetic Moasurements 

Blood samples wen: collected in.,mediatdy b.:forc and Jft.er (for 
rrough and peak coni:entracions, rcspeaivdy) the: fi~-r ;ind filih 
infusions of d:v.:lizumab or placebo and on days 70 and 84 after 
rransplanution. A sandwidl enzyme-linud immunosorbcnc assay 
w;\S used to measure dadizuinab in scrum.I* 

In 20 .:o,isccurivc patients at one U.S . .:enrcr { University of 
California, San Fr:incisco), lymphocyte analysis was pcdormcd co 
determine the s.miration of the intcrlcukin-2-rc,epror a chain, 
with the use of methods reported prcviOL•sly.'7 

Glomerular Filtration Rate 

The glomcrular tiltr,nion rare was measured in :ill pltienrs with 
functioning ;rafts ~ix monrhs :ifter cransplmt:uion. Mc:1s,1rc:
mcms were based tm iohexol, r<tdioismope, or inulin clc:irancc. 

Statistical Analysis 

Differences in catc:i;ori.:al vari.1bk; between the twu gr,,ups 
wc:re dc:ccrmined with the 11sc of the Manrcl-Hacnizd test (with 
str .. tificarion ac.:ording ro center). Difference:,; in the time: co rhc: 

· first biop~y·cunfirmed c:pimdc of rejcctiu11 were dctermi,ic:d with 
thc: U$c: ,,f (he los·r.1nk test (with srrarification :i.ccording co cen· 
tcr). The loi;-r:mk rest wa.-; .1.lso used to analyze the time to graft 
failure (or death with a func:ti<i,,ing graft) because of the s111;11l 
number of events reported. K.\pl:in-Mder estimates of the:. prob· 
ability of paticnc survival and graft survival and chc .:un1ulativc: 
pmbabilicy of biopsy·.:onfirme<I rejection were plutccd over rime. 
Ditlcrcn"s in the number t)f presumptive or bkipsy•confirmcd 
rc:jei:tion episodes per patient in the first six monrhs were :ma· 
lyzc:d with a normal rcgt'ession model. The scrum crc:itinine con
cc:nrracions, i;Iomcrular f:lrrarion r:i.tes, and cumulative doses of 
prcdnisc:ine administered during rhc: fir~r six months ati.cr tra.ns· 

162 January 15, 1998 

pl:mracion in the two gmup, were. comp;ucd with th-:; us,: of the 
Wiko:con rank-sum rcst. Lob-iscic•rc1,;rcssion analysis .v;\S used co 
determine the effcc.ts ,,f various facror$ ,m the pt,.,bability of bi
opsy-cunfirmcd rcjc..:tion. rmportion:11-h:17.:irds :malysis was used 
10 determine the cffcc~s ,,( vari~,us factors on tht time to biopsy· 
c,,nfirmed rejection. The result:; of lymphe<:ytc and intcrlcukin-
2-r..-..:cpttir ,1:;say.,; were compared with the use ofScudcnr's t·tcsr. 
All statistical tests were two-sided. 

/\JI pltienrs r-.mdomly .i.ssigncd to a tn:atmcnt group wen: in
cluded in the primary an:ilys.:s c:,f effic:2cy and s:1tccy, according to 
th,: intcnti<.1n·ro·tr..:;1t prin,:iple. Value~ arc reponc:d as means :SD. 

RESULTS 

A total of 260 patients were enrolled in the study: 
134 patients were assigned to che placebo group, 
and 126 co the dacli1.Umab group. The two groups 
were similar wirh r.cspccc to age, sex, race, cause of 
end•stagc renal disease:, presence or absence of pan· 
d-reaccive am:i-HLA antibodies, number of HLA· 
DR mismatches between donor and recipient, and 
duration of cold ischcmia for the graft (Table 1). 

All patients received ar least one dose of the smdy 
drug, and 107 of the patients in the placebo group 
(80 perccm) and 107 of those in. the daclizumab 
group (85 percent) received all five doses. G(afr 
functio11 was delayed in 39 patients in the placebo 
group (29 percent) and 27 patients in the daclizu
mab group (21 percent). The early use of prophy
lactic antilymphocyte therapy for delayed graft func· 
tion kd ro cbe discontinuation of the srndy drug in 
nine patients in the placebo gro(1p (7 percent) and 
nin.c: in the d1clizumab group (7 percent). 

Efficacy 

Daclizumab prophylaxis resulted in a significam: 
reduction in the incidence of biopsy-documented 
acute rejccrion during the first six months after 
rransplancacion (22 percent, vs. 35 percent in the 
placebo group; P;:; 0.03; odds ratio, 0.5; 95 percent 
confidence interval, 0.3 to 0.9) (Table: 2). The pro
portion of patienrs \\ith presumptiv~. or biopsy-con
firmed acute rejection and the m1mbcr of rejection 
episodes per patient were also lower in the dadizu
mab group, and the time to the first rejection was 
longer. There was a trend coward a reduction in the 
number of patic:ncs with two or more rejection epi
sodes and the number receiving amilymph()cyce prep
aratioi1s for severe rejection in che dadizumab group. 
The beneficial effect of dadizumab was not infltt· 
e11ccd by delayed graft function, initial use of ocher 
anrilymphocyte therapies, or exclusion of patients 
who did not receive all five infosio11s of the study 
drus (data not shown). 

The paticm·survival rates ac one year were 98 per· 
cent in the dadizumab grnup a11d 96 percent in the 
placebo group (Table 3). The graft-survival races in 
rhe daclizumab and placebo groups were 95 and 90 
percent, respectively. None of the paricncs in the da· 
clizumal> group but three of chose in the placebo 
group died of i11fcccions: one each of aspergillosis, 
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TABLE 1, BME•LINE CHAMCTEPJSTICS OF 11.EN.'1.L·AI.LOGt"'l"I' 
Rr.c1r1eNTS, • 

P1.Act~o D.culul\,I..O 
CKARACTERISTIC tN:1341 IN=126} 

Ase-y.- 47:i:13 +7:!:13 
Sex - no. of pa tic.ms (%) 

M:tk 81 (60) 74 (S9l 
Fcmak 53 (40) 52 (+l) 

R.,cc or erhuic )l;r<·«Jl -

Ill', of r~··•~nl~ (~! 
While SI (60) S+ {67) 
Black 27 (20) 2+ (1?) 
Orhcr 2.6 {19) 18 (14 J 

c .... ~ of renal failure - ~ 
no. of patient:; (%) 

Glomeruloncphri1i, 40 (30) 33 (26) 
Oi.betc, m~llitus 29 (22) 31 (25} 
Her«lirdry or 1>0lyc:ys1ic kidney disc .. se 20 (15) 2.4 (19) 
Hypertension 19 (14) 18 ( 14) 
Other 26 {l?) 19 (15) 

Panel-reactive :ierum .tntil><><iic,, -
no. of p~tienu (%)T 

0-10% .Ul (90) 113 (89) 
ll-49% 10 (7) 12 (lOJ 
50-100% 3 (2} l (li 

Ne,. <•fHLt..-DR mismac,hes --
!'t(). 01 !)2Cic:nts (%)i 

0 22 (16) 19 (15) 
l 62 (4<>) 49 (S9) 
2 40 {30) 50 (40) 

Grari: cold·i:;chcrni• rime - he 21:9 22:8 

··r1u.s-1ni11u.s v:i.h.\cs are l\\cans ::-:SD. t':,rccmu;<.s m:.iy n,,r :,;um rt.1 100 
beet use o( rounding. 

f Pand-t1:acrive anribodic:s ;.re. ;uai·l-11.A •mibodie,, rhat h:ivc 2 ,ylotoxi, 
cffc:a 011 lymphocytc.s obc.tincd fr<'m1 ~ p:t1'd of donocs iro,n the sc:neral 
popularion. 

iDa.t.1 were n,i~ing fbr :;,.,me: patic,11.S. 

TABLE 2. ACUTE REJEC.'TION ErisooES IN 1"HE flRST S1x MONTHS 

J'.FT£)l. Rl;NAL TRANSrLo\NTA1"10N 11'1 TH£ rv.cf..RO 
ANO DACLIZUMAB G&.ollrS. 

PL.A1'£SO 0ACl.l2.Vt,UII 

R£JECT<Ot.t {N:134! (N=126l P VALUE 

One or more bk,psy-co11firmcd 4~ (55) 2S.(22) 0.03 
episodes - un. of patients (%) 

One '" nlntc biopsy-.:onfim,ed <)r 52 (39) 32 (25) 0.04 
ptt,umptivc episodes - n,l. of 
patients(~} 

Two or n1vn: biops)'-.:o,1finncd or 
prc:;umpcivc cpi.«1c!c:as - no. of 

18 {Jl) 9 (7) 0.08 

p,,ic:urs (~) 
Mean no. of cpiro'1c:a/p:ttie11c 0.6 0.3 0.01 

Time t<> first episode -· dJy~ ' 30::27 n::s9 O.OOS 

Episode requiring ,milympho.:ytc 19 (14} 10 ($) 0.09 
1h~r-Apy - no. 'oi p:u:,ents (%)t 

•J'fus-mi11us V'.llucs are means :tSl). 

T Antilymph,.cycc: therapy consim:d or 01Cf3 o, JXllrckmal antith)'· 
111t,;:ytc t,l(lbulin. 

TAf!LE 3. C"USES OF DEATH AND ~l'l/\1.·GMFT 
FAJlUI\E 1\T ONi; Yer.C\ 1N THI:. Pt.AC1::R<) 

/\ND Dt.CLIZLl:SV.B G.R<.)tll·S . ....... _ .. _. ___ ,. ______________ _ 

Dc:arh 
lntG11,.·tirm 41:r lpttpl1(,1n~.i 
C;1rJi0\·:1$CUbr ,;:111s~ 
?uhno,iat'y cmb,)lism 
lmr,ccrcbr.11 bkeding 
Sui<:id-a 

Gcari: failure 
De.1th 
Rcjcctio" 
Tcdmi.:al .:ausc 
l'rilll~ry no11fu,11:1io11 

s (+) 
3 (2) 
l ( l) 
1 ( l) 
0 
0 

l3 (l 0) 
5 (+) 
3 (2) 
4 (3) 
l ( l) 

3 (2) 
I (IJ 
0 
(I 

l ( 1) 
l{I) 
6 (S) 
3 (2) 
l (l) 
2 (2) 
0 

coccidioidomycosis, and pseudomonas sepsis. One 
patient in the daclizumab group died of lymphoma. 

The mean serum crc:acinine concentrations six 
monrhs afrc:r transplantation were the same: in the 
rwo groups (l.7:!:0.7 mg per deciliter [150:!:60 µ.mol 
per liter)). The mean glomc:rular filtration race was 
55:!:23 ml per minute in the dadizw11ab group and 
52 :t:22 ml per minute in the place.ho group. The av
er~\gc daily doses of prednisone and cyclosporinc did 
not difti::r between tht groups at any time during the 
snidy, nor was there a difference in the mean trough 
whole:- blood cydosporine: con~c.ntrations at a11y ci.me. 

Adverse Events 

The administration of daclizumab was not associ
:ued with any immediate side effects. There was no 
significant difference in reported adverse: events be
tween the two groups (Table 4). One patient in the 
placebo group and two pacientS in the daclizumab 
group had lymphoma during the first year after 
cransplancation. 

Pharmaeokinetic Data 

Pharmacokineric data were available for 92 pa
tients in che daclizumab group. The mean scrwn 
half-life of daclizumab was 20 days. 

Circulating Peripheral•Blood Lymphocytes 
and lnterleukin•2 a.Chain Receptor 

There were no differences in absolute. lymphocyte 
numbers between the placebo and dadizumab groups 
before cransplantarion or for six months afterward. 
Circulating CD3+ cell conc.cnttations and T-cdl sub
groups were noc measured, because they were noc 
affected by dadizumab therapy in an earlier srudy.1' 
There. was a significanr decrease in the percentage 
of circulating lymphocytes that stained with anti· 
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TABLE. 4, ADVEI\.SE !:.VENTS AT Sn: MONTHS 

IN T!-lE P.VCERO /IND l);.eL!ZU/.'.AB C1,0tJl'S. 

ADVERSE EvENTB 

Sc.rious c.vc11c• 
~vcr 

Sepsis and b.Ktcrcmi~ 
Pneumonia 

1:un~:,I intCc.tion 
Fungcmia 
Lpal infection 

Lo,il infcctio,1t 
Cc!!uliti~ ~nd wound 

in6:'-~iC\n 
Urinary tr'J<.'t iuferoon 
Ocher 

Any viral inti::cciont 
Viremia 
Loc~I infc:aion 

Cr,oincg:ik)vin1> 
i,1fcction 

V,ccmia 
Tissue i,11~ctiou 

P .... ceao 
!N=l341 

D.«:u2u1r1AD 
rN::126) 

m,. or patient~ 1%i 

13 (10) 6 (5) 

16 (12) 11 (9) 

9 (7) 4(3) 

4 (3) 3 (2) 
27 (20) :n 07) 

2 (l) 0 
25 (19) 21 (17) 

70 (52) 5!) (47) 
4 (3) 7 (6) 

44 (33) 34 (27} 
33 (28) 36 (29) 

32 (21) 29 (23) 
l2 (9) 12 (10) 
21 (16) 20 (16) 

14 (10) 15 ( l2) 

10 (7} 12 (10) 
4 (3) 3 (2) 

·serious ~dvcr'!ic ever." wc;rc; ddin~d as complic:.tion,i 
other than death oc ccjccuo,1 du, !''"longed or required 
ho•pir:ili:r.,tion •nd were possibly OI' ptob:.bly n:brcd to the 
u ... dy drni:. 

tSo,nc p:il'iem., 1,~<I mtir,. than on,. type ofinfc(ti<in. 

CD25 antibody starring 10 hours after transplanta· 
cion and lasting up to four months in the daclizu
mab group (data 11ot shown). Similarly, there was a 
significant decrease in the percentage of circ'ufating 
lymphocytes char stained with the: fluoresccin·conju· 
gated antibody 7g7, which binds to an interkukin-2 
a-chain-receptor cpicope distinct from the cpicope 
recognized by daclizumab and retlccts tocal imerku
ltin-2cr-receptor apression (data not shown). 

DISCUSSION 

We found chat the patients receiving daclizumab 
in addition co maintenance therapy with three im
munosuppressive agents had a lower frequency of 
biopsy-confirmed acute rcjcccion in the firsc six 
months :after transplantation than the paciencs re
ceiving placebo with the three immunosupprcssive 
agencs. In addition, the time co the first episode of 
acute rc:jec:cion was significantly prolonged, and the 
mean number of episodes per patient significantly 
reduced in the dadizumab group. These results were 
obcained without a concomitant in.crease: in infec· 
tious complications or cancers. The efficacy of da· 
clizumab is probably refaced co its sekccive target, 
the Ck-chain component of the: high-affinity interku
kin-2 recepror, which is present almost ex.clusivc:ly 
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on acriv:n:ed T cells. Use of the drug rhus spares och
er immunocompcccnt cells.' 

Only 10 percent of daclizumab is composed of 
murine sequences, which a.re from the anrigen-bind
ing regions of che parent antibody. These sequences 
arc inserced inco human immunoglobulin with the 
use of molecular biologic cechniques.i~ Our scudy 
highlights the advantages of this type of antibody, 
including its prolonged serum half-life, appro3ching 
that of human lgG, and d1e absence of functional 
immunogcr1ici.ry associated with irs usc:.l5.16.19.2~ 

The ~xaet mechanism or mc:c.hanisms of action of 
dadizum~b arc: not known. A likdy mechanism is rhar 
it binds to circulating lymphocytes wich imerleukin-2 
a-chain receptors but does not activate the receptors, 
and the: cells therefore have no free interkukin-2 
a-chain rc.:epcors available for activation by intcrku
kin-2. In addition, the decline in the percentage of 
circulating lymphocytes expressil'l.g CD25 (measured 
by staining with 7g7 amibody) without an accompa· 
nying decrease in rhe absolme number of lympho
cytes suggests that the expression of imerleukin-2 re
ceptors is down-regulated or the shedding of the 
daclizumab-bound interleukin-2 a chain is increased. 

In conclusion, when added to therapy with cyclo· 
sporinc, azathioprine, and prednisone, daclizumab 
reduces the frequency of a.cure rejection and im
proves shore-term graft survival in cenal-cransplanc 
recipients. 

We an imicbwf ro DY. Tbr,,n.ar A. Wald•nan., jor his &onr:ribi.
rio,1 ro rlJ& d,:vdopmmr of dadizumah, and fl> M;. P~.!J!J7 Millar far 
h,;,. rurutatJce in rhe pnpani.iirm of rht man11.uripr. 

APPENDIX 
la',ddici(,n t,• the J11rhors, the followlne, invr~tigacor, pa[tkipatc:d in chc: 

D;icli:;um>I> Triple Thcr.ip>· .SruJy Group: Vi~mri11 Gmeral Hospir11!. Hali· 
J .. ~. N.S., C<Jnt1dti - B. IGbcrl; HuJdi,'!J, HulJlira(. Hud:ii".,IJ<, Swcdcn -
(.;. 'iyd~n; u,,;.c,Tiry of Mi,;»uor.i, Min-uapo/i., · - A. Matli; B,.rh lmu.l 
D,,,,a,u,s Mcdi:al C:>:ur, &.tron - M. S!upiro; Ta,npa GuuraJ Horpiral, 
1i""i1", F/i,. - G. Ch•n; Vir>1<011v11· G,r.,,,,f Ho1lJiml, V,r,icom""; B.C., 
Ctmad,i- P. KcoM'I; U11ivmisy cfCaiifami", San Fra.n,is,:o - M. b1lt:t; 
u,,;.,,.,,i1 .,f Nbfftn, Llm0>10", .'1h. ... , c,.,,,,,1,. - K. So!c:,; •n<i Huff· 
..,,3,.n-LaJl.orJ1e, Nur/7, N.J. -·- h. Lin, I. Pat,.], K. Nic.-forth, h. Wolitzky, 
,n,1 J. HaJ.:i,ni. 
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TIME: 13:58:59 
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SEQUENCE LISTING 
3 SEQUENCE LISTING 
5 (1) GENERAL INFORMATION: 
7 (i) APPLICANT: Carter, Paul J. 
8 Presta, Leonard G. 

10 (ii) TITLE OF INVENTION: Method for Making Humanized Antibodies 
12 (iii) NUMBER OF SEQUENCES: 26 
14 (iv) CORRESPONDENCE ADDRESS: 
15 (A) ADDRESSEE: Genentech, Inc. 
16 (B) STREET: 1 DNA Way 
17 (C) CITY: South San Francisco 
18 {D) ·sTATE: California 

ENTERED 
19 (E) COUNTRY: USA 
20 (F) ZIP: 94080 
22 (v) COMPUTER READABLE FORM: 
23 (A) MEDIUM TYPE: 3.5 inch, 1.44 Mb floppy disk 
24 (B) COMPUTER: IBM PC compatible 
25 (C) OPERATING SYSTEM: PC-DOS/MS-DOS 
26 (D) SOFTWARE: WinPatin (Genentech) 
28 (vi) CURRENT APPLICATION DATA: 

C--> 29 (A) APPLICATION NUMBER: US/08/146,206C 
c--> 30 (B) FILING DATE: 17-Nov-1993 

31 (C) CLASSIFICATION: 
33 (vii) PRIOR APPLICATION DATA: 
34 (A) APPLICATION NUMBER: 07/715272 
35 (B) FILING DATE: 14-JUN-1991 
37 (viii) ATTORNEY/AGENT INFORMATION: 
38 (A) NAME: Lee, Wendy M. 
39 (B) REGISTRATION NUMBER: 40,378 
40 (C) REFERENCE/DOCKET NUMBER: P0709Pl 
42 (ix) TELECOMMUNICATION INFORMATION: 
43 (A) TELEPHONE: 650/225-1994 
44 (B) TELEFAX: 650/952-9881 
45 (2) INFORMATION FOR SEQ ID NO: 1: 
47 (i) SEQUENCE CHARACTERISTICS: 
48 (A) LENGTH: 109 amino acids 
49 (B) TYPE: Amino Acid 
50 (D) TOPOLOGY: Linear 
52 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
54 Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
55 1 5 10 15 
57 Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Asn 
58 20 25 30 
60 Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
61 35 40 45 
63 Leu Leu Ile Tyr Ser Ala Ser Phe Leu Glu Ser Gly Val Pro Ser 
64 50 55 60 
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PATENT APPLICATION: US/08/146,206C TIME: 13:58:59 

Input Set : A: \p0709pl. txt 
Output Set: N:\CRF3\12112001\Hl46206C.raw 

66 Arg Phe Ser Gly Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr Ile 
67 65 70 75 
69 Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
70 80 85 90 
72 His Tyr Thr Thr Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu 
73 95 100 105 
75 Ile Lys Arg Thr 
76 109 
78 ( 2} INFORMATION FOR SEQ ID NO: 2: 
80 (i) SEQUENCE CHARACTERISTICS: 
81 {A} LENGTH: 120 amino acids 
82 {B) TYPE: Amino Acid 
83 {D) TOPOLOGY: Linear 
85 (xi} SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
87 Glu Val Gln Leu Val Glu Ser Gly' Gly Gly Leu Val Gln Pro Gly 
88 1 5 10 15 
90 Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn Ile Lys 
91 20 25 30 
93 Asp Thr Tyr Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
94 35 40 45 
96 Glu Trp Val Ala Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr 
97 50 55 60 
99 Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser 
100 65 70 75 
102 Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
103 80 85 90 
105 Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 
106 95 100 105 
108 Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 
109 110 115 120 
111 (2) INFORMATION FOR SEQ ID NO: 3: 
113 (i) SEQUENCE CHARACTERISTICS: 
114 {A) LENGTH: 109 amino acids 
115 (B) TYPE: Amino Acid 
116 {D) TOPOLOGY: Linear 
118 (xi} SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
120 Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
121 1 5 10 15 
123 Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Ser 
124 20 25 30 
126 Ser Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
127 35 40 45 
129 Leu Leu Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser 
130 50 55 60 
132 Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile 
133 65 70 75 
135 Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
136 80 85 90 
138 Tyr Asn Ser Leu Pro Tyr Thr Phe Gly Gln -Gly Thr Lys Val Glu 
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139 95 100 105 
141 Ile Lys Arg Thr 
142 109 
144 (2) INFORMATION FOR SEQ ID NO: 4: 
146 (i) SEQUENCE CHARACTERISTICS: 
147 (A) LENGTH: 120 amino acids 
148 (B) TYPE: Amino Acid 
149 ( D) TOPOLOGY: Linear 
151 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
153 Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
154 1 5 10 15 
156 Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 
157 20 25 30 
159 Asp Tyr Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
160 35 40 45 
162 Glu Trp Val Ala Val Ile Ser Glu Asn Gly Ser Asp Thr Tyr Tyr 
163 50 55 60 
165 Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp· Asp Ser 
166 65 70 75 
168 Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
169 80 85 90 
171 Thr Ala Val Tyr Tyr Cys Ala Arg Asp Arg Gly Gly Ala Val Ser 
172 95 100 105 
174 Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 
175 110 115 120 
177 ( 2) INFORMATION FOR SEQ ID NO: 5: 
179 (i) SEQUENCE CHARACTERISTICS: 
180 (A) LENGTH: 109 amino acids 
181 ( B) TYPE: Amino Acid 
182 (D) TOPOLOGY: Linear 
184 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
186 Asp Ile Val Met Thr Gln Ser His Lys Phe Met Ser Thr Ser Val 
187 1 5 10 15 
189 Gly Asp Arg Val Ser Ile Thr Cys Lys Ala Ser Gln Asp Val Asn 
190 20 25 30 
192 Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly His Ser Pro Lys 
193 35 40 45 
195 Leu Leu Ile Tyr Ser Ala Ser Phe Arg Tyr Thr Gly Val Pro Asp 
196 so 55 60 
198 Arg Phe Thr Gly Asn Arg Ser Gly Thr Asp Phe Thr Phe Thr Ile 
199 65 70 75 
201 Ser Ser Val Gln Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gln Gln 
202 80 85 90 
204 His Tyr Thr Thr Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu 
205 95 100 105 
207 Ile Lys Arg Ala 
208 109 
210 ( 2) INFORMATION FOR SEQ ID NO: 6: 
212 (i) SEQUENCE CHARACTERISTICS: 
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(A} LENGTH: 120 amino acids 
(B} TYPE: Amino Acid 
(D} TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
Glu Val Gln Leu Gln Gln Ser Gly Pro Glu Leu 

1 5 10 
Ala Ser Leu Lys Leu Ser Cys Thr Ala Ser Gly 

20 25 
Asp Thr Tyr Ile His Trp Val Lys Gln Arg Pro 

35 40 
Glu Trp Ile Gly Arg Ile Tyr Pro Thr Asn Gly 

50 55 
Asp Pro Lys Phe Gln Asp Lys Ala Thr Ile Thr 

65 70 
Ser Asn Thr Ala Tyr Leu Gln Val Ser Arg Leu 

80 85 

213 
214 
215 
217 
219 
220 
222 
223 
225 
226 
228 
229 
231 
232 
234 
235 
237 
238 
240 
241 

Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly 
95 100 

Ala Met Asp Tyr Trp Gly Gln Gly Ala Ser Val 
llO 115 

243 (2) INFORMATION FOR SEQ ID NO: 7: 
245 (i) SEQUENCE CHARACTERISTICS: 
246 (A) LENGTH: 27 base pairs 
247 (B} TYPE: Nucleic Acid 
248 (C} STRANDEDNESS: Single 
249 (D) TOPOLOGY: Linear 
251 (xi} SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
254 TCCGATATCC AGCTGACCCA GTCTCCA 27 
256 (2) INFORMATION FOR SEQ ID NO: 8: 
258 (i) SEQUENCE CHARACTERISTICS: 
259 (A) LENGTH: 31 base pairs 
260 (B) TYPE: Nucleic Acid 
261 (C) STRANDEDNESS: Single 
262 (D) TOPOLOGY: Linear 
264 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
267 GTTTGATCTC CAGCTTGGTA CCHSCDCCGA A 31 
269 (2) INFORMATION FOR SEQ ID NO: 9: 
271 (i} SEQUENCE CHARACTERISTICS: 
272 (A) LENGTH: 22 base pairs 
273 (B) TYPE: Nucleic Acid 
274 (C) STRANDEDNESS: Single 
275 {D} TOPOLOGY: Linear 
277 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
280 AGGTSMARCT GCAGSAGTCW GG 22: 
282 (2} INFORMATION FOR SEQ ID NO: 10: 
284 (i) SEQUENCE CHARACTERISTICS: 
285 (A) LENGTH: 34 base pairs 
286 {B) TYPE: Nucleic Acid 
287 (C) STRANDEDNESS: Single 

file://C:\Crf3\0uthold\ V srHl 46206C.htm 

Val Lys Pro Gly 
15 

Phe Asn Ile Lys 
30 

Glu Gln Gly Leu 
45 

Tyr Thr Arg Tyr 
60 

Ala Asp Thr Ser 
75 

Thr Ser Glu Asp 
90 

Asp Gly Phe Tyr 
105 

Thr Val Ser Ser 
120 
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• 
RAW SEQUENCE LISTING 
PATENT APPLICATION: US/08/146,206C 

Input Set : A:\p0709pl.txt 

• 
DATE: 12/11/2001 

TIME: 13:58:59 

Output Set: N:\CRF3\12112001\H146206C.raw 

288 (D) TOPOLOGY: Linear 
290 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
293 TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34 
295 (2) INFORMATION FOR SEQ ID NO: 11: 
297 (i) SEQUENCE CHARACTERISTICS: 
298 (A) LENGTH: 36 base pairs 
299 (B) TYPE: Nucleic Acid 
300 (C) STRANDEDNESS: Single 
301 (D) TOPOLOGY: Linear 
303 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
306 GTAGATAAAT CCTCTAACAC AGCCTATCTG CAAATG.36 
308 (2) INFORMATION FOR SEQ ID NO: 12: 
310 (i) SEQUENCE CHARACTERISTICS: 
311 {A) LENGTH: 36 base pairs 
312 (B) TYPE: Nucleic Acid 
313 (C) STRANDEDNESS: Single 
314 (D) TOPOLOGY: Linear 
316 {xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
319 GTAGATAAAT CCAAATCTAC AGCCTATCTG CAAATG 36 
321 (2) INFORMATION FOR SEQ ID NO: 13: 
323 (i) SEQUENCE CHARACTERISTICS: 
324 (A) LENGTH: 36 base pairs 
325 (B) TYPE: Nucleic Acid 
326 (C) STRANDEDNESS: Single 
327 (D) TOPOLOGY: Linear 
329 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
332 GTAGATAAAT CCTCTTCTAC AGCCTATCTG CAAATG 36 
334 (2) INFORMATION FOR SEQ ID NO: 14: 
336 {i) SEQUENCE CHARACTERISTICS: 
337 {A) LENGTH: 68 base pairs 
338 (B) TYPE: Nucleic Acid 
339 (C) STRANDEDNESS: Single 
340 (D) TOPOLOGY: Linear 
342 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
345 CTTATAAAGG TGTTTCCACC TATAACCAGA AATTCAAGGA TCGTTTCACG 50 
347 ATATCCGTAG ATAAATCC 68 
349 (2) INFORMATION FOR SEQ ID NO: 15: 
351 {i) SEQUENCE CHARACTERISTICS: 
352 (A) LENGTH: 30 base pairs 
353 (B) TYPE: Nucleic Acid 
354 (C} STRANDEDNESS: Single 
355 (D} TOPOLOGY: Linear 
357 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
360 CTATACCTCC CGTCTGCATT CTGGAGTCCC 30 
362 (2) INFORMATION FOR SEQ ID NO: 16: 
364 {i) SEQUENCE CHARACTERISTICS: 
365 (A) LENGTH: 107 amino acids 
366 {B) TYPE: Amino Acid 
367 (D) TOPOLOGY: Linear 

Page 5 of 7 
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VERIFICATION SUMMARY 
PATENT APPLICATION: US/08/146,206C 

-Input Set : A:\p0709pl.txt 

DATE: · 12/11/2001 
TIME: 13:59:00 

Output Set: N:\CRF3\12112001\Hl46206C.raw 

Page 6 of 7 

L:3 M:244 W: Invalid beginning of sequence listing, Data=[SEQUENCE LISTING], Duplicate 
Sequence Listing Title! 
L:29 M:220 C: Keyword misspelled or invalid format, [(A) APPLICATION NUMBER:] 
L:30 M:220 C: Keyword misspelled or invalid format, [(B} FILING DATE:] 
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12-12-01 11 :48am From-Genentech Leaal +1 650 952 9881 T-282 P.001/012 F-366 

Genentech Legal Department 

Date: 

To: 

Fax: 

Re: 

1 DNA Way 
South San Francisco, CA 94080 

650-225-2830 
Fax: 650-952-9881/9882 

FAX TRAl"ISMISSION COVER SHEET 

December 12r 2001 

Examiner Minh-Tam Davis 
Group Art 1642 

(703) 746-7145 

U.S. Ser. No 09/146,206 

filed August 1, 1995 

Attorney Docket No.: P0709P1 

Sender: Anna Kan for Wendy Lee 

YOU SHOULD RECEIVE f;)__ PAGE(S), INCLUDING THIS COVER SHEET. IF YOU DO NOT 
RECEIVE ALL THE PAGES, PLEASE CALL 650-225-2830. 

CONF!DENTIA!.TTY N01£ 

'Ibc aocwnAnt.3 aeeompanyincr th1!.I t~C:91ti•J.le transr.11.sr;ion con't.tli.n ln!o~t:l.Cln trom Gi.NEN'fECH, I.NC. which ,.s ¢0n!..ide::i.tia.l or 
privilQ:9'@i;I. Thin l.nfcrm.:n.i<:in 13 jntl!nded only for t:nc :1na1.vj,(ii,al or enc.1t:y n;:unce1 on tbJ.o tran::mi:::::::ion !iheet~ lC. you !lrc no'C tnc 
1n'Ccnd.od ~ec1,Pient, be .iw~rQ ,;llac dny dittc:lo.?.ure, c:apyl.ng,. Q1bCrlbuticn, or u:;A or t:he content:=, o:r t-h\S !dxt:d inform:itian 1a 
:t'C.rici::ly prohibi"t.ca. rr you hi11ve received. th1G r~c~1m.1.l.<:t 1n error, plca.=ia not1f:i, ua: by t.c.lophon~ 2mn~~dlt1tely sa tn.i~ wn c~n 
arra.ni;:ie £01: the rn"t.urr* or the oriqin,1.J. cocwnQnt~ 'tQ \.I! and tbc rctrwn:zm.1,t.~,.on o! them -co ~ha in,;~nd~t:1 r~cip1cn~. 

Dear Examiner Davis, 

Pursuant to your ~equest, attached are courte5y copies of the IDS 
Transmittals and PT0-1449 Forms filed on August 1, 1995 and February 1, 
1999. We understand tha~ you have the cited references but, if not, let us 
know and we will be happy to provide further copies. 

Kindly send us initialed copies of the PT0-1449 Forms for the IDSs filed on 
~he following dates. The reference nos. are noted below in parentheses. 

09/02/97 
08/24/98 
02/01/99 
03/09/99 
08/30/01 

(refs. 100-207) 
(refs. 215-224) 
(refs. 225-262} 
(r-ef. 263} 

(.1:ef. 264-265) 

Very truly yours, 
Genentech, Inc. 

~.(AilM 
Anna Kan for Wendy Lee 

Received from < +16509529881 > at 12/12/012:55:22 PM ~astern standard Time) 
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T-282 P.008/012 F-366 
12-12-01 11:50am 

~ 
From-Genentech Leaal +1 650 952 9881 

WL/tb 

Potent Docket P0709P l 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of Group Art Unit: l 642 

Examiner: J. Reeves Paul J. Corter et al. 

Serial No.: 08/146,206 

Filed: November 17, 1993 
.. ,'. / ·.:.;: .·:·'::.<:/c~~~~i•HANri~E~v :~/-./:·::.'.:•\(=·/· 
:;•l'ha~-i:onl!)iih~1:crns.i:o~J.bei~~-1n~en"8/ope. ;: .. . 
.. aac!rvs8edio;Asals!,811tCa~o1 P.ilents,W~. O.C. 202:l1·on· · ... · 

;i;:~~~?~F&f •. :::.~;·~::~;){ For: METHOD FOR MAKING HUMANiZED 
ANTIBODIES 

SUPPI.EMl:NTAL INFORMATION DISCLOSURE STATEMENT 

Assistant Commissioner of Patents 
Washington. D.C. 20231 

Sir: 

Applicants submit herewith patents, publicotions or other infol'mat!on (attached hereto and 

r; .. ;.3d on the ottoched Form PT0-1449) of which they ore owore. which they believe may be 

material to the examination of this application and in respect of which there may be a duty to 

disclose in accordance with 37 CFR § 1.56. 

This Information Disclosure Statement: 

(a) 0 

(b) 0 

(c) 0 

(d) 0 

accompanies the new potent application submitted herewith. 37 CFR § 1.97(0). 

is filed within three months after the filing dote of the appficatior1 or within three 
months after the date of &ntry of the notionol stage of a PCT application as set forth 
in 37 CFR§ 1.491. 

as for as is known to the undersigned, is filed before the mailing date of a first Office 
action on the merits. 

is filed after the first Office Action and more than three months after the application's 
filing dote or PCT national stage dote of entry filing but os far as Is known to the 
undersigned, prior to the mamng date of either o final rejection or a notice of 
ollowance. whichever occurs first. ond fs accompanied by either the fee {$240) set 
forth in 37 CFR § 1.17(.P) or o statement os specified in 37 CFR § J .97(e). as checked 
below. Should any fee be due. the U.S. Patent and Trademark Office is hereby 
authorized to charge Deposit Account No. 07-0S30 in the amount of $240.00 to cover 
the cost of this Information Disclosure Stotement. Any deficiency er overpayment 

Received from< +16509529881 > at 12/12/012:55:22 PM ~astern standard TimeL 

l-

•I 
I 

•I 

i 
,: 

·' 

r 
·i 

.j 

BIOEPIS EX. 1002 
Page 4452



12-12-01 · 11 :50am Fro~-Genentech Le1al +1 650 952 9881 T-282 P.009/012 F-366 

08/T46.206 Poge2 

should be charged or credited to this deposit account. A duplicate of this sheet is 
enclosed. 

(e) O is filed otter the moiling date of either a final rejection or a notice of allowance, 
whichever occurred first. and is accompanied by the fee ($130) set forth in 37 CFR 
§ l. l 7(i) and o statement as specified in 37 CFR § l .97(e). as checked below. This 
document is to be considered os a petition requesiing consideration of the 
informotion dlsclosure statement. The U.S. Patent ond Trademark Office is hereby 
authorized to charge Deposit Account No. 07-0630 in the amount of$ 130.00 to cover 
the cost of this Information Disclosure Statement. Any deficiency or overpayment 
should be charged or credited to this deposit account. A duplicate of this sheet is 
enclosed. 

(f) (x) is filed ofter the malling dote of a flnol rejection, but a request to withdraw the 
finality thereof under 37 CFR § l .129(a) was submitted on August 24, 1998. The U.S. 
Patent and Trodemark Office is hereby authori:zed to charge Deposit Account No. 
07-0630 to cover the cost of this Information Disclosure Statement in the event that 
any fees are due. A duolicote of this sheet is enclosed. 

Of either of boxes (d) or (e) is checked above, the following statement under 37 CFR § 1.97(e) 

mcy need to be completed.) The undersigned states that: 

O Each Item of information contained in the information disclosure statement was 
cited in a communication moiled from a foreign patent office in a counterpart 
foreign application not more than three months prior to the filing of this information 
disclosure statement. 

0 No item of information contained in this Information disclosure statement was cited 
in o communication mailed from a foreign patent office in a counterpart foreign 
applicotion and, to the knowledge of the undersigned after making reasonable 
inquiry, was known to any individual designated in 37 CFR § l .56(c) more than three 
months prior to the filing of this Information disclosure statement. 

A list of the patent(s) or publication(s) is setforth on the attached Form PT0-1419 (Modified). 

A copy of the items on PT0-1449 is supplied herewith: 

(x) each O none O only those listed below: 

A concise explanatlon of relevance of the items listed on PT0-1449 is: 

(x) not given 

0 given for each listed item 

O given for only non-English language listed item(s) (Required) 

0 In the form of on Engllsh language copy of a Search Report from a foreign potent 
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08/146,206 Page3 

office, issued in a counterpart applicatlon. which refers to the relevant portions of 
the references. 

The Examiner is reminded thot o "concise explonotlon of the relevance" of the submitted 

prior art "may be nothing more thon identificotion of the porticular figure or porogroph of the 

potent or publication which has some relation to the claimed invention. h MPEP §609. 

WhHe the information ond references disclosed in this Information Disclosure Statement may 

be "materialR pursuant to 37 CFR § 1.56. it is not intended to constitute on admission thot ony patent 

publication or other information referred to therein Is "prior art" for this invention unless specifically 

designated as such. 

In accordance with 37 CFR § l .97(g). the filing of this Information Disclosure Statement sholl 

not be construed to mean that c search hos been made or that no other material information as 

defined in 37 CFR § l .56(a) exists. It is submitted thot the Information Disclosure Statement is in 

compliance with 37 CFR § 1.98 and MPEP §609 end the Examiner is respectfully requested to consider 

the listed references. 

Dote: January 29, 1999 

1 DNA Way 
So. Son F,oncisco, CA 9408D-4990 
Phone; (650) 225-1994 
Fox; (650) 952-9881 

R~ectfully submitted, 

G/Qr(;;r 
By: ' \1 OQJ 

WendyM.Lee 
Reg. No. 40,378 
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12-12-01 

In re ApplicaliOfl or: Paul J. Calfet el al. 
~ial No.: 08/146.206 
Filed Orr. 17 NO'lember 1993 
tkiled On: 1 August 1995 

Docket No.: 709P1 
By: Wenrt; M. Lee 
Reg.No.: 

The following has Men received in tile U.S. Patent Offic:e on the oale stamped: 

Amendment/Response 
Extensiori QfTime Request (clip) 
Communicati'.JnlTransmil!al Letter (dlJp) 
Nolica of Appeal (dup) 
l~ue Fee Transmittal Form 
tnronnation Oise!~~ Stalernenl (Supplemental) 
Forni 1449 with 3 References 

U.S. Palen! ApplicatiQn 
Rule 60 Ruie 62 
Oetlaralion/POwer of Alty 

__ l\$signmenl 
__ Recorda!iori Foon/Fee 

__ Drawings:_ s~ 
__ 1nrorma1 _ Formal 

Cetlificate of M.iiling 
Ceni!icale of Exp~ Mailing 

__ Sequence Listing & Diskette 
__ PCT Patent Application 

In re 114)1'.liicalion of: Paul J. Caner et al. 
Serial No.: 08/146.200 
Filtld On: 17 November 1993 
Ma~edOn: 1 Augusl 1995 

Expr~ Mail Label No.: 
Other: limi!ed Recognilkltl 

Docket No.: 709F'1 
By: Wen(fy M. Lee 
Reg. No.: 

The following hal1 been t · ...., - ..__ s 
• eceiv.., m ",., U. • Pa!e111 Offtee on !he date s!amped: 

__ Amendmenl/R~se 
Extensio~ of nme Request (wp) 
Commumca!iQnfT ransmilta! Le!ler (dup} 

J
• X Notice of Appeal (clip) 

l~ue Fee Transmittal Form 
lnformalion DisC1os1Jre Statement cs 

-L Fo1111 1449 wilh ..l._ Ref~ 
-L Certificate of Maiflng 

Certificate of Express Mailing 
8,press Mail label No • 

....L other. Umi!ed Recog~Hion 

U.S. Parent Aw/ication 
Rule 60 Rule 62 
Dcclaralion!Power of Alfy 

__ Assigrim~! 
__ Recorda!lon Form/Fee 

Drawings:_ Sheets 
Informal _ Formal 

Sequence Lisling & DiskeUe 
PCT Paten! Applicati011 
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· . .._,.. 

PATENT DOCKET 709P1 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of ) 
) 
) 
) 
) 
) 
) 

) 
) 

) 
) 
) 
) 
) 

I 
) 
) 

Group Art Unit: 1806 

Examiner: D. Adams Paul J. Carter et al. 

Serial No. 08/146,206 

Filed: 17 November 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

BOX DO 1~ Honorable Commissioner of Patents 
and Trademarks 

Washington, D.C. 20231 12-/ IJ /o t' 
Sir: 

Applicants submit herewith patents, publications or other information (attached hereto and listed 

on the attached Form PT0-1449) of which they are aware, which they believe may be material to the 

examination of this 1;1pplication and in respect of which there may be a duty to disclose in accordance 

with 37 CFR § 1.56. 

This Information Disclosure Statement: 

(a) 0 accompanies the new patent application submitted herewith. 37 CFR § 1.97{a). 

(b) [J is filed within three months after the filing date of the application or within three 
months after the date of entry of the national stage of a PCT application as set forth 
in 37 CFA§l .491. 

(c) () as far as is known to the undersigned, is filed before the mailing date of a first Office 
action on the merits. 

(d) [XJ is filed after the first Office Action and more than three months after the application's 
filing date or PCT national stage date of entry filing but, as far as is known to the 
undersigned, prior to the mailing date of either a final rejection or a notice of allowance, 
whichever occurs first. and is accompanied by either the fee ($210) set forth in 37 CFR 
§1.17(p) ora certification as specified in 37 CFA §1.97(e), as checked below. Should 
any fee be due, the U.S. Patent and Trademark Office is hereby authorized to charge 
Deposit Account No. 07-0630 in the amount of $210.00 to cover the cost of this 
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08/146,206 Page 2 

Information Disclosure Statement. Any deficiency or overpayment should be charged 
or credited to this deposit account. A duplicate of this sheet is enclosed. 

(e) [] is filed after the mailing date of either a final rejection or a notice of allowance, 
whichever occurred first, and is accompanied by the fee ($ 130) set forth in 37 CFA 
§1.17UH1) and a certification as specified in 37 CFR §1.97{e), as checked below. This 
document is to be considered as a petition requesting consideration of the information 
disclosure statement. The U.S. Patent and Trademark Office is hereby authorized to 
charge Deposit Account No. 07-0630 in the amount of $130.00 to cover the cost of 
this Information Disclosure Statement. Any deficiency or overpayment should be 
charged or credited to this deposit account. A duplicate of this sheet is enclosed. 

(If either of boxes (d) or (e} is checked above, the following "certification" under 37 CFR 

§1.97(e) may need to be completed.) The undersigned certifies that; 

[] Each item of information contained in the information disclosure statement was cited 
in a communication mailed from a foreign patent office in a counterpart foreign 
application not rnore than three months prior to the filing of this information disclosure 
statement. 

[] No item of information contained in this information disclosure statement was cited in 
a communication mailed from a foreign patent office in a counterpart foreign application 
or, to the knowledge of the undersigned after making reasonable inquiry, was known 
to any individual designated in 37 CFR § 1.56(cl more than three months prior to the 
filing of this information disclosure statement. 

A list of the patent(sl or publication(s) is set forth on the attached Form PT0-1449 (Modified). 

A copy of the items on PT0-1449 is supplied herewith: 

[XI each [I none [) only those listed below: 

Those patent(s) or publication(s) which are marked with an asterisk(*} in the attached PT0-1449 form 

are not supplied because they were previously cited by or submitted to the Office in a prior application 

Serial No. , filed and relied upon in this application for an earlier filing date under 35 USC § 120. 

A concise explanation of relevance of the items listed on PT0-1449 is: 

[XJ not given 

[J given for each listed item 

[J given for only non-English language listed item(sl [Required} 

[] in the form of an English language copy of a Search Report from a foreign patent office, 
issued in a counterpart application, which refers to the relevant portions of the 
references. 
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08/146.206 Page 3 

The Examiner is reminded that a "concise explanation of the relevance" of the submitted prior 

art "may be nothing more than identification of the particular figure or paragraph of the patent or 

publication which has some relation to the claimed invention," MPEP §609. 

While the information and references disclosed in this Information Disclosure Statement may 

be "material" pursuant to 37 CFR §1.56, it is not intended to constitute an admission that any patent, 

publication or other information referred to therein is hprior art" for this invention unless specifically 

designated as such. 

In accordance with 37 CFR § 1.97(g), the filing of this Information Disclosure Statement shall 

not be construed to mean that a search has been made or that no other material information as defined 

in 37 CFR .§1.56(a) exists. It is submitted that the Information Disclosure Statement is in compliance 

with 37 CFR t 1 .98 and MPEP § 609 and the Examiner is respectfully requested to consider the listed 

references. 

A copy of a document pursuant to 37 C.F.R. § 10.9(b) is attached as proof of the authorization 

of the undersigned to prosecute the above-mentioned application. The original of this document is on 

file in the Office of Enrollment and Discipline. 

Date: August 1, 1995 

460 Pt. San Bruno Blvd. 
So. San Francisco, CA 94080-4990 
Phone: (415) 225-1994 
Fax: {415) 952-9881 
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In re Applioatlon of: Paul J. Carter et al. 
5eria1 No.: 08/146,206 
Filed On; November 17, 1993 
Hand Delivered On:_ Febn.laty 1999 

Dod(et No.: P0709P1 
By: Wendy M. L.ee 
Reg. No.: 40,376 

The following has been received in the U.S. Patent Office on the date stamped; 

_x_ Information Dlsclosure Statemem 
_x_ ~orm 1449 with 38 Referenees 
_x_ Communication wtth Exhibit A and two priority documents 
_x_ Cen\ficale of Hanel D8li'Very 

In re Appli~tion of: Paur J Cart 
Serla/ No.: 08/146,206 , er ill al. DOCkst No.: Po70SP1 ~= ~\:vember 17, 1993 By: Wenay M. Loe 

red On; - ~ebruary 1999 Reg. No.: 40,378 

The fol/owing has b 
eeri rete/vG(! in the U.$ P 

• atem Office Oil tile dale stampeo: 

_x_ lnformauon Diselosure Statem 
.....z__ FOITl114491'6(h ~ Rei en! 
--L Communication With ~xti:;ences 
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UNITED STATES PATENT AND lRADEMARK OFFIGE 

UNITED STAT.ES DEPARTMENT OF COMMERCE 
Unhed Stntas Patent and Trademark Office 
Adill·ese: C0:\1M1SS10NER OF PATENTS AND TliA.DE.\iARKS 

Washington, D.C. 20231 
www.uapto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

7590 12/18/2001 

GENENTECH, INC. 
l DNA WAY 
SOUTH SAN FRANCISCO, CA 940804990 

EXAMINER 

DA VIS, MINH TAM B 

ART UNIT CLASS-SUBCLASS 

1642 530-387300 

DATE MAILED: 12/18/2001 

,. 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR , ATTORNEY DOCKET NO. CONFIRMATION NO. 

08/146,206 11/17/1993 PAUL J. CARTER 709PI 3~92 

TITLE OF INVENTION: METHOD FOR MAKING HUMANIZED ANTIBODIES 

TOT AL CLAIMS APPLN. TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOT AL FEE(S) DUE DATE DUE 

82 nonprovisional NO $1280 $0 $1280 03/18/2002 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 

PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY 
PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. 

HOW TO REPLY TO THIS NOTICE: 
I. Review the SMALL ENTITY status shown above. If the SMALL 
ENTITY is shown as YES, verify your current SMALL ENTITY 
status: 
A. If the status is changed, pay the PUBLICATION FEE (if required) 
and twice the amount of the ISSUE FEE shown above and notify the 
United States Patent and Trademark Office of the change in status, or 

B. If the status is the same, pay the TOTAL FEE(S) DUE shown 
above. 

If the SMALL ENTITY is shown as NO: 

A. Pay TOT AL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check the box below and enclose 
the PUBLICATION FEE and l/2 the ISSUE FEE shown above. 

r:J Applicant claims SMALL ENTITY status. 
See 37 CFR 1.27. 

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with 
your ISSUE FEE and PUBLICATION FEE (ifrequired). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be 
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be 
completed and an extra copy of the form should be submitted. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Box ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 
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• PART B - FEE(S) TRANSMITTAL .. 

<::omplete and mail this form, together with applicable fee(s), to: Box ISSUE FEE 
Assistant Commissioner for Patents 
Washington, D.C. 20231 

MAILING INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required}. Blocks I through 4 should be completed 
where appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Legibly maric-up with any correclions or use Block I) 

7590 

GENENTECH, INC. 
1 DNA WAY 

12/18/2001 

Note: The certificate of mailing below can only be used for domestic 
mailings of the Fee(s) Transmittal. This certificate cannot be used for any 
other accompanying papers. Each additional paper, such as an assignment 
or formal drawing, must have its own certificate of mailing. 

Certificate of Mailing 

SOUTH SAN FRANCISCO, CA 940804990 I hereby certify that this Fee(s) Transmittal is being deposited with the 
United States Postal Service with sufficient postage for first class mail in an 
envelope addressed to the Box Issue Fee address above on the date 
indicated below. 

(Depositor's name) 

(Signalure) 

(Dale) 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

08/146,206 11/17/1993 PAUL J. CARTER 709Pl 3992 

TITLE OF INVENTION: METHOD FOR MAKING HUMANIZED ANTIBODIES 

TOTAL CLAIMS APPLN. TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOTAL FEE(S) DUE DATE DUE 

82 nonprovisional NO 

EXAMINER ART UNIT 

DA VIS, MINH TAM B 1642 

I. Change of correspondence address or indication of"Fee Address" (37 
CFR 1.363). Use of PTO forrn(s) and Customer Number are recommended, 
but not required. 

D Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/ 122) attached. 

D "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/4 7) attached. 

$1280 $0 

CLASS-SUBCLASS 

530-387300 

2. For printing on the patent front page, list (I) 
the names of up to 3 registered patent attorneys 
or agents OR, alternatively, (2) the name of a 
single firm (having as a member a registered 
attorney or agent) and the names of up to 2 
registered patent attorneys or agents. If no name 
is listed, no name will be printed. 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

$1280 03/18/2002 

2 _________ _ 

3. ________ _ 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is only appropriate when an assignment has 
been previously submitted to the US PTO or is being submitted under separate cover. Completion o.f this forrn is NOT a substitute for filing an assignment. 
(A) NAME OE.ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) D individual D corporation or other private group entity D government 

4a. The following fee(s) are enclosed: 4b. Payment ofFee(s): 

D Issue Fee DA check in the amount of the fee(s) is enclosed. 

D Publication Fee D Payment by credit card. Form PT0-2038 is attached. 

D Advance Order - # of Copies ______ _ D The Commissioner is hereby authorized by charge the required fee(s), or credit any overpayment, to 
Deposit Account Number (enclose an extra copy of this form). 

The COMMISSIONER OF PATENTS AND TRADEMARKS is requested to apply the Issue Fee and Publication Fee (if any) to the application identified above. 

(Authorized Signature) (Date) 

NOTE; The Issue Fee and Publication Fee (11 reqmred) will not be accepted from anyone 
other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. 

Burden Hour Statement: This forrn 1s estimated to take 0.2 hours to complete. Time will vary 
depending on the needs of the individual case. Any comments on the amount of time required 
to complete this forrn should be sent to the Chief lnforrnation Officer, United States Patent 
and Trademark Office, Washington, D.C. 2023 I. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND FEES AND THIS FORM TO: Box Issue Fee, 
Assistant Commissioner for Patents, Washington, D.C. 20231 

Under the Paperwork Reduction Act of I 995, no persons are required to respond to a 
collection of information unless it displays a valid 0MB control number. 

TRANSMIT THIS FORM WITH FEE(S) 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

08/146,206 11/17/1993 

7590 12/18/2001 

GENENTECH, INC. 
I DNA WAY 
SOUTH SAN FRANCISCO, CA940804990 

FIRST NAMED INVENTOR 

PAUL J. CARTER 

, 
UNITED STATES DEPARTMENT OF COMMERCE 
United Sta:tes Patent and Trademark Office 
Address: C0).1M1SS10NER OF PATENTS AND 1'RADE,:\,1AI<KS 

Washington, D.C. 20231 
WWW.U.:Jpto.gov 

ATTORNEY DOCKET NO. CONfJR,\1ATION NO. 

709Pl 3992 

EXAMINER 

DA VIS, MINH TAM B 

ART UNIT PAPER NUMBER 

1642 

DATE MAILED: 12/18/2001 

Determination of Patent Term Extension or Adjustment under 35 U.S.C. 154 (b) 
(application filed prior to June 8, 1995) 

This patent application was filed prior to June 8, 1995, thus no Patent Term Extension or Adjustment applies. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) system. (http://pair.uspto.gov) 
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Notice of Allowability 

Application No. 

08/146,206 

Examiner ~ 
/le . .' 

MINH TA~J:'DAVIS 

Carter et al 

Art Unit 

1642 

--The MAILING DA TE of this communication appears on the cover sheet with the correspondence address--

All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included herewith 
(or previously mailed). a Notice of Allowance and Issue Fee Due or other appropriate communication will be mailed in due course. 
THIS NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at 
the initiative of the Office or upon petition by the applicant. See 37 CFR 1 .31 3 and MPEP 1308. 

1. fXI This communication is responsive to interview on 12/11/01 ---"----'---'--'------------------------
2. fXI The allowed claim(s) is/are 43-105, 113-128, renumbered as 1-82 

3. D The drawings filed on are acceptable as formal drawings. ---------
4. D Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d). 

al D All bl D Some* . cl D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. ---------
3. D Copies of the certified copies of the priority documents have been received in this national stage 

application from the International Bureau (PCT Rule 17.2(a)). 

*Certified copies not received: -------------------------------

5. D Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e). 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. THIS THREE-MONTH PERIOD IS NOT 
EXTENDABLE FOR SUBMITTING NEW FORMAL DRAWINGS. OR A SUBSTITUTE OATH OR DECLARATION. l'his -.....s:A .. th pe,iad 
ior co t I; · .. g uuith the AliiQYIAPCEFH FOA ;n:E BEPOSI I Of 8191.QGICObMM&AIAb i1r uteAdeblc 1:mder 37 CEB,J,;..1-36(a). 

6. 0 Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION (PT0-152) which gives 
reason(sl why the oath or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED. 

7. fXI Applicant MUST submit NEW FORMAL DRAWINGS 

(a) fXI including changes required by the Notice of Draftsperson's Patent Drawing Review (PT0-948) attached 

1) D hereto or 2) fXI to Paper No . ..!.J..__ 

(bl D including changes required by the proposed drawing correction filed , which has been ---------
approved by the examiner. 

(cl D including changes required by the attached Examiner's Amendment/Comment or in the Office action of 
Paper No. 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings. The 
drawings should be filed as a separate paper with a transmittal letter addressed to the Official Draftsperson. 

8. 0 Note the attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Any reply to this letter should include, in the upper right hand corner, the APPLICATION NUMBER (SERIES CODE/SERIAL 
NUMBER). If applicant has received a Notice of Allowance and Issue Fee Due, the ISSUE BATCH NUMBER and DATE of 
the NOTICE OF ALLOWANCE should also be included. 

Attachment(s) 
1 0 Notice of References Cited (PT0-892) 

3 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) p f.; 

5 fXI Information Disclosure Statement(s) (PT0-1449), Paper No(s) . ....,!=f)-~--
7 D Examiner's Comment Regarding Requirement for Deposit of Biological 

Material 

9 D Other 

U. S. Patent and Trademark Office 

PT0-37 (Rev. 01-01) Notice of Allowability 

2 0 Notice of Informal Patent Application (PT0-152) 

4 0 Interview Summary (PT0-413). Paper No. __ . 

6 0 Examiner's Amendment/Comment 

8 D Examiner's Statement of Reasons for Allowance 

Part of Paper No.tfJ 
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.. 
Application/Control Number: 08/146,206 

Art Unit: 1642 

EXAMINER'S AMENDMENT 

Page2 

An examiner's amendment to the record appears below. Should the changes 

and/or additions be unacceptable to applicant, an amendment may be filed as provided 

by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be 

submitted no later than the payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview 

with Wendy Lee on 12/13/01. 

The application has been amended as follows: 

In the claims: 
/ /~· 

Claim 114. Delete "~cit", ~-nd replace it with ---yp10 ---
. · ~-

Delete "~fy", and replace it with --- in th~ding·affinity---

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to MINH-TAM DAVIS whose telephone number is 703-

305-2008. The examiner can normally be reached on 9:30AM-4:00PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, ANTHONY CAPUTA can be reached on 703-308-3995. The fax phone 

numbers for the organization where this application or proceeding is assigned are 703-

308-4426 for regular communications and 703-308-4426 for After Final 

communications. 
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Application/Control Number: 08/146,206 

Art Unit: 1642 

Page 3 

Any inquiry of a general nature or relating to the status of this application or 

proceeding should be directed to the receptionist whose telephone number is 703-308-

0916. 

MINH TAM DAVIS 
December 14, 2001 

if\.~ 
. ' . 

'- . ._,__ ... 
. • . t 
•.• \,._ ... ..J 
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1:~ .~ P0709Pl 08/146,206 
Patent and Trademark Office ,· ~&~"~ Applicant ' ,.,, .. ~ 
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(Use several sheets if necessary) Filing Date I Group 
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U.S. PATENT DOCUMENTS 
Examiner 
nit~ls Document Number Date Name Class Subclass Filing Date 
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.. OTHER DISCLOSURES (Including Author, Title, Date, Pertinent Pages, etc.) 

\ 
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265 199th American Chemical Society National Meeting held in Boston, MA April 22-27, 1990) 199(1-2) :BIOT 60 
(Apr 1990) 
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SEP O 6 2001 
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Patent Docket P0709Pl 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Paul J. Carter et al. 

U.S. Patent No.: 6,407,213 Bl 

Issued: June 18, 2002 

For: METHOD FOR MAKING 
HUMANIZED ANTIBODIES 

REQUEST FOR CERTIFICATE OF CORRECTION UNDER 37 CFR 1.322 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

Certificate 

AUG 2 7 2002 

of Correction 
Enclosed is a Certificate of Correction for the above-referenced patent. Because the mistake 

occurred in the printing of the patent, it is not believed that any fee is required .. However, if this is not 

the case, the Commissioner is hereby authorized to charge the required fee to Deposit Account No. 07-

0630. Acceptance of this Certificate of Correction is respectfully requested. 

Date: August \ d- , 2002 

1111,~ rn,111111111111111111111111 

09157 
PATENT TRADEMARK OFFICE 

Respectfully submitted, 

GENENTECH, INC. 

By: --~---=--c=r-.SL:.,;c._ __ 
WendyM. Lee 
Reg. No. 40,378 
Telephone No. (650) 225-1994 

NJG : 7 2!11 t, 
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UNITED S1 · ...;-. . _ .. ,__,J. .. i' AND TRAD EMA . OFFICE 

CERTIFICATE OF CORRECl'JON 

PATENT NO. 

DATED 

INVENTOR(S) 

U.S. 6,407,213 Bl 

June 18, 2002 

Carter et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
her·3by corrected as shown below: 

In column 88, cl~ line 63, ple~e delete "63" and insert therefor --79--. 

MAILING ADDRESS OF SENDER: PATENT NO. U.S. 6,407,213 

WendyM.Lee 

IIIII/1111111111111111111111111111 

09157 
PATENf TRADEMARK OFFICE 

Fonn PTOI050(amended) 
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• \ ·. • 
NOTICE RE: CERTIFICitTE:s OF CORij;:<:--.YION ----------

DATE 
/ 

Paper No.: f I 

TO Supen1isor, Art Unit /6l{-:). 
SUBJECT: Certificate of Correction Request in Patent No.: ~ l.f.<?Z2{ 3 

A response to the following question is requested with respect to the accompanying request for a certific 
of correction. 

With respect to the change(s) requested, correcting Office and/or Applicant's errors, should the 
patent read as shown in the certificat~ of correction? No new matter should be introduced, ,nor should tht: 
scope or meaning of the claims be changed. 

See red~· . 

PLEASE COMPLETE THIS FORM AND 
RETURN WITH FILE, WITHIN7 DAYS, 

TO CERTIFICATES OF CORRECTION BRANCH - Pf( 3-915/9 22 
PALM LOCATION 7580 - TEL. NO. 305-8309 

THANK YOU FOR YOUR ASSISTANCE! 

Note your decision, regarding the changes requested in the Request for Certificate of Correction, 

placing a check mark(+) in the box that reflects your decision, which corresponds to the question check< 

above. 

(El YES 0 Comments below 

Supervisor Art Unit 

PTOL-306 (REV. 2/02) U.S. DEPARTMENT OF COMMERCE Patent and Trademark Ol 
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UNITED STATES TENT AND TRADEMARK OFFICE-

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,407,213 Bl Page I of I 
DATED : June 18, 2002 
INVENTOR(S) : Carter et al. 

' It is certified that error appears in the above-identified patent and that said Letters Patent is 
herel:;,y corrected as shown below: 

Column 88, 
Line 63, please delete "63" and insert therefor -- 79 --. 

Signed and Sealed this 

· Third Day of December, 2002 

JAMES E. ROGAN 
Director of the United States Patent and Trademark Office 

.. . 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
·~ ~ 1i%~ ~ 

~\)~ 

i ~ . ~&™~ · re Patent of: Paul J. Carter et al. -- § 156 
~-=-·· 

Docket No: 22338-80060 Rl=CEIVED 

Patent No.: 6,407,213 

Issued: June 18, 2002 

Applicat_ion No: 08/146,206 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES - Application for§ 156 Patent 
Term Extension 

Mail Stop Patent Ext. 
Commissioner for Patents 
.P.O. Box 1450 
Alex,mdria, VA 22313-1450 

Assignee: Genentech, Inc. SEP 1 2 2006 

Unit: OPLA TECH CENTER 1600/2900 

CERTIFICATE OF MAILING- 37 C.F.R. § 1.10 
EXPRESS MAIL LABEL NO. ER '1!>(,9 )9'\'13 US 

I hereby certify this correspondence is being deposited with the U.S. 
Postal Service with sufficient postage as "Express Mail - Post Office to 
Addressee" addressed to: Mail Stop Patent Ext., Commissioner for 
Patents, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, 
VA 22 13-1450, on the date shown below. 

Signature 
Aie. z.s, z.oo1, 

Date 

APPLICATION FOR EXTENSION OF PA TENT TERM UNDER 35 U.S.C. § 156 

Dear Sir: 

Applicant, Genentech, Inc., hereby submits this application for extension of the term of 
United States Letters Patent 6,407,213 under 35 U.S.C. § 156 by providing the following 
information in accordance with the requirements specified in 37 C.F.R. § 1.740. 

Applicant represents that it is the assignee of the entire interest in and to United States 
Letters Patent No. 6,407,213, granted to Paul J. Carter and Leonard G. Presta (Carter et al.) by 
virtue of an assignment of such patent to Genentech, Inc., recorded June 28, 1994, at Reel 7035, 
Frame 0272. 

1. Identification of the Approved Product[§ 1.740(a)(l)] 

The name of the approved product is LUCENTIS™. The name of the active ingredient of 
LUCENTIS™ is ranibizumab. Ranibizumab is a recombinant humanized monoclonal IgG1 
antibody antigen-binding fragment (Fab) based on a humanized framework with 
complementarity-determining regions (CDRs) derived from a murine monoclonal antibody that 
binds to human Vascular Endothelial Growth Factor (VEGF). 
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U.S. Patent No. 6,407,213 
Carter, et al. 
Application Under 35 U.S.C. § 156 

2. Federal Statute Governing Regulatory Approval of the Approved Product 
1§ t.740(a)(2)J 

Page 2 

The approved product was subject to regulatory review under, inter alia, the Public 
Health Service Act (42 U.S.C. § 201 et seq.) and the Federal Food, Drug and Cosmetic Act (21 
U.S.C. § 355 et seq.). 

3. Date of Approval for Commercial Marketing[§ 1.740(a)(3)1 

LUCENTIS™ was approved for commercial marketing or use under § 351 of the Public 
Heath Service Act on June 30, 2006. 

4. Identification of Active Ingredient and Certifications Related to Commercial 
Marketing of Approved Product[§ l.740(a)(4)] 

(a) The active ingredient of LUCENTIS™ is ranibizumab. Ranibizumab is a 
humanized monoclonal lgG 1 antibody antigen-binding fragment produced by an 
E. coli expression system. It contains human framework regions (FRs) and the 
complementarity-determining regions (CDRs) derived from a murine antibody 
that binds to VEGF. 

(b) Applicant certifies that ranibizumab had not been approved for commercial 
marketing or use under the Federal Food, Drug and Cosmetic Act, the Public 
Health Service Act or the Virus-Serum-Toxin Act prior to the approval granted on 
June 30, 2006 to the present Applicant. 

( c) Ranibizumab has been approved for the treatment of patients with neovascular 
(wet) age-related macular degeneration. See LUCENTIS™ product label, provided 
as Attachment A. 

(d) LUCENTIS™ was approved for commercial marketing pursuant to§ 351 of the 
Public Health Service Act (42 U.S.C. § 262) under Genentech's existing 
Department of Health and Human Services (DHHS) U.S. License No. 1048. See 
LUCENTIS™ approval letter, provided as Attachment 8. 

5. Statement Regarding Timeliness of Submission of Patent Term Extension Request 
[§ l.740(a)(S)] 

Applicant certifies that this application for patent tenn extension is being timely 
submitted within the sixty (60) day period permitted for submission specified in 35 U.S.C. § 
156(d)(l) and 37 C.F.R. § 1.720(f). The last date on which this application may be submitted is 
August 28, 2006. 
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U.S. Patent No. 6,407,213 
Carter, et al. 
Application Under 35 U.S.C. § 156 

6. Complete Identification of the Patent for Which Extension Is Being Sought 
[§ 1.740(a)(6)] 

Page 3 

The complete identification of the patent for which an extension is being sought is as 
follows: 

(a) 

(b) 

(c) 

(d) 

Names of the inventors: 

Patent Number: 

Date oflssue: 

Date of Expiration: 

Paul J. Carter and Leonard G. Presta. 

6,407,213 ("the '213 patent") 

June 18, 2002 

June 18, 2019 

7. Copy of the Patent for Which an Extension is Being Sought(§ 1.740(a)(7)] 

A copy of U.S. Patent No. 6,407,213 is provided as Attachment C to the present 
application. 

8. Copies of Disclaimers, Certificates of Correction, Receipt of Maintenance Fee 
Payment, or Reexamination Certificate[§ 1.740(a)(8)] 

(a) U.S. Patent No. 6,407,213 is not subject to a terminal disclaimer. 

(b) A Certificate of Correction was issued for U.S. Patent No. 6,407,213 on 
December 3, 2002. A copy of the Certificate of Correction is provided in 
Attachment D to the present application. 

(c) The first maintenance fee for U.S. Patent No. 6,407,213 has been paid and there 
are no maintenance fees currently due, as provided in Attachment E. 

(d) U.S. Patent No. 6,407,213 has not been the subject of a reexamination proceeding. 

9. Statement Regarding Patent Claims Relative to Approved Product(§ 1.740(a)(9)] 

The statements below are made solely to comply with the requirements of 37 C.FR. 
§ 1. 740(a)(9). Applicant notes that, as the MP.E.P. acknowledges,§ 1. 740(a)(9) does not 
require an applicant to show whether or how the listed claims would be irifringed, and that this 
question cannot be answered without specific knowledge concerning acts performed by third 
parties. As such, these comments are not an assertion or an admission of Applicant as to the 
scope of the listed claims, or whether or how any of the listed claims would be infringed, literally 
or under the doctrine of equivalents, by the manufacture, use, sale, offer for sale or the 
importation of any product. 
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U.S. Patent No. 6,407,213 
Carter, et al. 
Application Under 35 U.S.C. § 156 Page 4 

(a) At least claims 1-2, 4-5, 25, 29, 62-64, 66-67, 69, 71-73, 75-78, and 80-81 of U.S. 
Patent No. 6,407,213 claim the active pharmaceutical ingredient in the approved 
product or a method that may be used to make or use that ingredient. 

(b) Pursuant to M.P.E.P. § 2753 and 37 C.F.R. § 1.740(a)(9), the following 
explanation is provided which shows how at least one of the above-listed claims 
of the '213 patent claim the approved product. 

(1) Description of the approved product 

The approved product is described in Section 11 of the approved label for 
LUCENTIS™ as follows, a copy of which is provided as Attachment A. 

LUCENTIS™ (ranibizumab injection) is a recombinant humanized lgG 1 
kappa isotype monoclonal antibody fragment designed for intraocular use. 
Ranibizumab binds to and inhibits the biologic activity of human vascular 
endothelial growth factor A (VEGF-A). Ranibizumab has a molecular 
weight of approximately 48 kilodaltons and is produced by an E. coli 
expression system in a nutrient medium containing the antibiotic 
tetracycline. Tetracycline is not detectable in the final product. 

LUCENTIS™ is a sterile, colorless to pale yellow solution in a single-use 
glass vial. LUCENTIS™ is supplied as a preservative-free, sterile solution 
in a single-use glass vial designed to deliver 0.05 mL of 10 mg/mL 
LUCENTIS™ aqueous solution with 10 mM histidine HCL, 10% a, a
trehalose dihydrate, 0.01 % polysorbate 20, pH 5.5. 

Ranibizumab is further characterized in a scientific reference, Chen et al. 
published in 1999 in the Journal of Molecular Biology (JMB) entitled "Selection 
and Analysis of an Optimized Anti-VEGF Antibody: Crystal Structure of an 
Affinity-matured Fabin Complex with Antigen."1 The Chen et al. article 
discusses the lineage of the ranibizumab antibody fragment. In this respect, the 
article states that "[a] murine monoclonal antibody, A.4.6.1, was found to block 
VEGF-dependent cell proliferation in vitro and to antagonize tumor growth in 
vivo. [Citation omitted]. The murine mAb was previously humanized in Fab 
form to yield a variant known as Fab-12." [Citation omitted] See p. 866, left col., 
ill. The abstract explains that the authors affinity-matured Fab-12 and obtained 
Fab fragment Y0317, now known as ranibizumab. According to the article, 
ranibizumab was derived from the humanization and affinity-maturation of a non
human, murine monoclonal antibody that binds to VEGF. The Chen et al. article 
also describes the humanized structure of ranibizumab. See, e.g., Figure 1. 

293 :865-881 (1999) (Attachment F) 
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U.S. Patent No. 6,407,213 
Carter, et al. 
Application Under 35 U.S.C. § 156 Page 5 

2 

WO 98/45331 (Figures IA, lB, lOA, 10B, provided as Attachment G) 
also provides sequence data for the heavy and light chain variable domains of 
Y03 l 7, together with the heavy and light chain variable domains of murine 
A.4.6. l, the heavy and light chain variable domains of humanized variant Fab-12, 
and the Kabat human consensus framework, humlll. WO 98/45331 confirms that, 
in addition to non-human CD Rs derived from the sequence of the murine 
antibody, ranibizumab comprises framework substitutions in the variable domains 
at positions 4 and 46 in the light chain (V L) and positions 49, 69, 71, 73, 76, 78, 
and 94 in the heavy chain (V H). 2 

(2) Explanation Regarding Claim 29 of the '213 Patent Relative to 
Ranibizumab 

As explained below, the active pharmaceutical ingredient of the approved 
product, ranibizumab, is a humanized Fab fragment that is covered by at least 
claim 29. 

Claim 29 of the '213 patent reads as follows: 

29. An antibody comprising the humanized variable domain of claim 
1. 

Claim 29 depends from claim I, which reads as follows: 

1. A humanized antibody variable domain comprising non-human 
Complementarity Determining Region (CDR) amino acid residues 
which bind an antigen incorporated into a human antibody variable 
domain, and further comprising a Framework Region (FR) amino 
acid substitution at a site selected from the group consisting of: 4L, 
38L,43L,44L,58L,62L,65L,66L,67L,68L,69L, 73L,85L, 
98L, 2H, 4H, 36H, 39H, 43H, 45H, 69H, 70H, 74H, and 92H, 
utilizing the numbering system set forth in Kabat. 

The term "antibody," as defined in the '213 patent specification includes, 
in addition to full-length antibodies, antibody fragments such as Fab, Fab', F(ab )2 

and Fv so long as those fragments retain the desired biological activity, i.e., 
binding to VEGF (See, e.g., '213 at col. 8, lines 11-17; col. 24, lines 13-18). As 
recited in the '213 specification - "F Ab fragments with specificity for the antigen 
are specifically encompassed within the term 'antibody' as it is defined, 
discussed, and claimed herein." '213 at col. 24, lines 13-18. Ranibizumab, being 

Compare sequence data for the heavy and light chain variable domains of Y0317 (Figs: 1 OA-
10B), A.4.6.1 (Figs. 1A-1B) and humlll (Figs. IA-1B) as set forth in WO 98/45331, 
provided as Attachment G. 
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3 

4 

a Fab fragment that binds VEGF, falls within the scope of the term "antibody" as 
used in Claims 1 and 29. 

The amino acid sequences of the V L and V H domains of ranibizumab 
include human framework substitutions at positions 4L, 46L, 49H, 69H, 71H, 
73H, 76H, 78H and 94H.3 Of these, substitutions at positions 4L and 69H are 
among those recited in the Markush group of claim 1. Figures lA-1 B of WO 
98/45331, provided as Attachment G, show the heavy and light chain variable 
domains of sequences of the same import antibody ("A4.6. l ") used to design 
ranibizumab on the lines above the variable domains of the Fab-12 sequence and 
the Kabat consensus sequences ("humIII").4 The A4.6. l antibody is a murine 
monoclonal antibody; its sequence is therefore "non-human." See, e.g., Chen et 
al. Figures 10A-10B of WO 98/45331, provided as Attachment G (and Figure 1 
of Chen et al.), show the variable domains of the Y0317 sequence. When the 
heavy and light chain variable domains of A4.6.1, Y03 l 7 and humlll are aligned, 
the framework substitutions noted above are apparent utilizing the Kabat 
numbering system. 

In each of the V L and V H domains of ranibizumab, "substantially less than 
an intact human variable domain has been substituted by the corresponding 
sequence from a non-human species" (i.e., the murine antibody A4.6.1). See, e.g., 
'213 at col. 2, lines 27-31. Ranibizumab is therefore "humanized" within the 
meaning of claims 1 and 29 of the '213 patent. 

As also required in claim 1, ranibizumab includes non-human amino acid 
residues in its CDRs. The CDRs in ranibizumab are also functional to "bind an 
antigen" -here, the VEGF protein. See LUCENTIS™ label, provided as 
Attachment A 

Ranibizumab thus meets the limitations of dependent claim 29. 

See WO 98/45331 at Figures 1A-1B (humIII) and 10A-10B (Y0317). 

The residues in a human lg sequence that are substituted with residues from an "import 
antibody" are identified according to standard numbering conventions published by Kabat. 
See '213 at col. 10, line 45 through col. 11, line 26. The Kabat sequences represent 
consensus amino acid sequences for various human antibodies in each subclass. See id. 
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10. Relevant Dates Under 35 U.S.C. § 156 for Determination of Applicable Regulatory 
Review Period [§ 1. 740(a)(l0)] 

(a) Patent Issue Date 

U.S. Patent No. 6,407,213 was issued on June 18, 2002. 

(b) IND Effective Date {35 U.S.C. § l 56(g)(l)(B)(i); 37 C.F.R. § 1. 740(a)(lO)(i)(A)] 

The date that an exemption under § 505(i) of the Federal Food, Drug and 
Cosmetic Act became effective (i.e., the date that an investigational new drug 
application ("IND") became effective) for LUCENTIS TM (referred to as 
"Humanized Monoclonal Antibody Fragment (rhuFab V2)(E. coli, Genentech) to 
Vascular Endothelial Growth Factor (VEGF), Intravitreal) was October 7, 1999. 
The IND was assigned number BB-IND# 8633. A copy of the letter from the 
FDA reflecting the effective date of the IND is provided in Attachment H. The 
application date for this IND was October 6, 1999. 

(c) BLA Submission Date {35 U.S.C. § J 56(g)(l)(B)(i); 37 C.F.R. 
§ 1. 740(a)(10)(i)(B)] 

The BLA was submitted by Genentech to the FDA on December 29, 2005. The 
BLA was assigned number BL# 125156/0. A copy of the letter from the FDA 
acknowledging receipt of the BLA and reflecting the BLA submission date is 
provided in Attachment I. 

(d) BLA Issue Date {35 U.S.C. § 156(g)(l)(B)(ii); 37 C.F.R. § 1. 740(a)(10)(i)(C)j 

The FDA approved biologic license application 125156/0 authorizing the 
marketing of LUCENTIS TM on June 30, 2006. LUCENTIS ™ was approved under 
Department of Health and Human Services (DHHS) U.S. License No. 1048. A 
copy of the approval letter from the FDA is provided as Attachment B. 
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11. Summary of Significant Events During Regulatory Review Period [§ 1. 740(a)(ll)] 

Pursuant to 37 C.F.R. § 1.740(a)(l 1 ), the following provides a brief description of the 
activities of Genentech, Inc. before the FDA in relation to the regulatory review of LUCENTIS™. 

The brief description lists the significant events that occurred during the regulatory review period 
for the approved product. In several instances, communications to or from the FDA are 
referenced. Pursuant to 37 C.F.R. § 1.740(a)(l l), 21 C.F.R. § 60.20(a), and M.P.E.P. § 2753, 
copies of all such communications are not provided in this application, but can be obtained from 
records maintained by the FDA. 

On October 6, 1999, Genentech submitted to FDA (See Attachment H) an 
investigational new drug application for a recombinant humanized monoclonal 
antibody fragment (rhuFab V2, now known as Ranibizumab) against Vascular 
Endothelial Growth Factor (VEGF). The antibody was developed as a potential 
new therapeutic in treating patients with the exudative (wet or neovascular) form 
of age-related macular degeneration (AMD). 

On October 7, 1999 FDA made BB-IND #8633 effective via a communication 
mailed to Genentech on October 13, 1999 (See Attachment H). According to the 
FDA, initiation of trials could begin 30 days after October 7, 1999. 

The first human clinical trial (Phase I) was initiated on February 8, 2000 followed 
by Phase II human trials and Phase III human trials, some of which remain 
ongoing at the time of this application. 

On February 5, 2002, representatives of Genentech and the FDA (CBER and 
CDER) participated in a Type C meeting to discuss the proposed clinical 
development plan for ranibizumab in AMD. 

On October 31, 2002 representatives of Genentech and FDA (CBER and CDER) 
participated in an Type B End-of-Phase II meeting. 

Beginning in approximately March 2003, and continuing at the time of this 
application, Phase III studies have been conducted. The three Phase III trials 
forming the basis of the Biologics License Application (BLA), FVF2598g, 
FVF2587g, and FVF3192g are studies of two year duration with primary 
endpoints of one year. FVF2587 g and FVF3 l 92g, along with extension study 
FVF3426g and safety study FVF3689g, remain ongoing at the time of this 
application. 

On September 21, 2005 representatives ofGenentech and CDER participated in a 
Type B Pre-BLA submission meeting to discuss information requirements for the 
BLA. 
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Genentech submitted a BLA for ranibizumab for the treatment of patients with 
wet AMD on December 29, 2005 (See Attachment I). 

FDA acknowledged receipt of the BLA for ranibizurnab via a communication 
mailed to Genentech dated January 27, 2006. The letter indicated that FDA had 
assigned the Submission Tracking Number (STN) of BL #125156/0 to the BLA 
(See Attachment I). 

By way of a communication mailed to Genentech on March 14, 2006 FDA made 
Genentech aware that the BLA for ranibizumab was filed on February 28, 2006 
and that FDA had assigned a user fee goal date of June 30, 2006 (See Attachment 
J). 

On June 30, 2006 FDA approved BLA 125156/0, issuing marketing authorization 
for LUCENTIS™ (See Attachment B). 
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12. Statement Concerning Eligibility for and Duration of Extension Sought Under 35 
U.S.C. § 156 [37 C.F.R. § 1.740(a)(l2)1 

(a) In the opinion of the Applicant, U.S. Patent No. 6,407,213 is eligible for an 
extension under § 156 because: 

(i) one or more claims of the '213 patent claim the approved product or a 
method of making or using the approved product; 

(ii) the term of the '213 patent has not been previously extended on the basis 
of§ 156; 

(iii) the '213 patent has not expired; 

(iv) no other patent has been extended pursuant to§ 156 on the basis of the 
regulatory review process associated with the approved product, 
LUCENTIS™; 

(v) there is an eligible period of regulatory review by which the patent may be 
extended pursuant to § 156; 

(vi) the applicant for marketing approval exercised due diligence within the 
meaning of§ I56(d)(3) during the period ofregulatory review; 

(vii) the present application has been submitted within the 60-day period 
following the approval date of the approved product, pursuant to § 156( c ); 
and 

(viii) this application otherwise complies with all requirements of 35 U.S.C. 
§ 156 and applicable rules and procedures. 

(b) The period by which the term of the '213 patent is requested by Applicant to be 
extended is 378 days. 

( c) The requested period of extension of term for the '213 patent corresponds to the 
regulatory review period that is eligible for extension pursuant to § 156, based on 
the facts and circumstances of the regulatory review associated with the approved 
product LUCENTIS™ and the issuance of the '213 patent. The period was 
determined as follows. 

(i) The relevant dates for calculating the regulatory review period, based on 
the events discussed in the section above, are the following. 
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