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TABLE 1 

CODE 

CDR-GRAFTED GENE CONSTRUCTS 

MOUSE SEQUENCE 

CONTENT 

LIGHT CHAIN ALL HUMAN FRAMEWORK REl 

121 26-32, 50-56. 91-96 inclusive 

l21A 26-32 , 50-56, 91-96 inclusive 

+1, 3. 46. 47 

121B 26-32, 50-56, 91- 96 inclusive 

+ 46, 47 

221 24-24 , 50-56, 91-96 inclusive 

221A 24-34 , 50-56, 91- 96 inclusive 

+1, 3, 46, 47 

221B 24-34, 50- 56 , 91 - 96 inclusive 

+1. 3 

221C 24-34, 50-56, 91-96 inclusive 

HEAVY CHAIN ALL HUMAN FRAMEWORK KOL 

121 26-32, 50·56, 95 -lOOB inclusive 

131 26-32, 50-58, 95- l OOB inclusive 

141 26 - 32, 50·65, 95-lOOB inclusive 

321 26- 35, 50·56 , 95- l OOB inclusive 

331 26-35, 50-58, 95-lOOB inclusive 

341 26-35 , 50· 65, 95-lOOB inclusive 

341A 

341B 

KEY 
n .d . 
SDM 

26-35 , 50-65, 95-lOOB inclusive 

+6, 23 , 24, 48 , 49, 71, 73, 76, 

(~8~8~~ 9~\+-t:-u--ruman) 
26-35, 50-65 , 95- l OOB inclusive 

+ 48 , 49, 71, 73, 76, 78, 88, 91 

(+63 + human) 

not done 
Site directed mutagenesis 

PCT/GB90/02017 

METHOD OF 

CONSTRUCTION 

SDM and gene 

Partial gene 

assembly 

assembly 

Parcial gene assembly 

Parcial gene assembly 

Parci al gene assembly 

Parcial gene assembly 

Par tial gene assembly 

Gene assembly 

Gene assembly 

Partial gene assembly 

Parcial gene assemb l y 

Partial gene assembly 

Gene assembly 

SOH 

Par tial gene assembly 

Gene assembly 

Gene as sembly 

KOZAK 

SEQUENCE 

+ 

+ n . d. 

n.d. + 

n.d. + 

+ + 

+ + 

+ + 

+ + 

n.d . + 

n . d. + 

+ n.d. 

+ n. d . 

+ 

+ 

+ 

+ 

n.d .· + 

n.d. + 

Gene assembly 
Parcial gene 

assembly 

Variabl e region assembled entirely f r om oligonucl eotides 
Variabl e region assembled by combination of restriction 
fragments either from ocher genes ori ginally created by SDM 
and gene assembly or by ol i gonucleotide assembly of pare of 
the variable region and reconstruction with restriction 
fragments from other genes originally created by SDM and gene 
assembly 
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EXPRESSION OF CDR-GRAFTED GENES 

PRODUCTION OF ANTIBODY CONSISTING OF GRAFTED LIGHT 

(gL) CHAINS WITH MOUSE HEAVY (mH) OR CHIMERIC 

HEAVY (cH) CHAINS 

All gL chains, in association with mH or cH 

produced reasonable amounts of antibody. 

Insertion of the Kozak consensus sequence at a 

position 5' to the ATG (kgL constructs) however, 

led to a 2-5 fold improvement in net expression. 

Over an extended series of experiments expression 

levels were raised from approximately 200ng/ml to 

approximately 500 ng/ml for kgL/cH or kgL/mH 

combinations. 

When direct binding to antigen on HUT 78 cells was 

measured, a construct designed to include mouse 

sequence based on loop length (gL121) did not lead 

to active antibody in association with mB or cH. 

A construct designed to include mouse s~quence r .::.o r:o NO·.?.D_ 
based on Kabat CDRs ( gL221 ~'demonstrated some weak 

binding in association with mH or cH. However, 

when framework residues 1, 3, 46, 47 were changed 

from the human to the murine OKT3 equivalents 

based on the arguments outlined in Section 12.1 

antigen binding was demonstrated when both of the 

new constructs, which were termed 121A and 221A 

were co-expressed with cH. When the effects of 

these residues were examined in more detail, it 

appears that residues 1 and 3 are not major 

contr~uting r7ftdues as the product of the gL221B 
cs h -:til w:.t,_ 1 d bl b · d · · · t · geneAs ows li t e etecta e ~n ~ng act~v~ y ~n 

association wit~ ~H. The l ight chain product of 
~~t:-U ~\) ND.Z$ 

gL221~, in wbich ouse sequences are present at 46 

and 47, shows good binding activity in association 

with cH. 
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14. 2 PRODUCTION OF ANTIBODY CONSISTING OF GRAFTED HEAVY 

( gH) CHAINS WIT~ MOUSE LIGHT ( rnL ) OR CHIMERI C 

LIGHT (cL ) CHAINS 

Expression of .the gH genes proved to be more 

difficult to achieve than f o r gL. First, 

inclusion of the Kozak sequence appeared to have 

no marked effect on expressio n of gH genes. 

Expression appears to be slightly improved but not 

to the same degree as seen f o r the grafted light 

chain. 

Also, it p~oved difficult to demonstrate 

production of expected quantities of material when 

the loop choice (amino acid 26-3 2) f or CDRl is 

used, e.g. 9H121, 131, 141 and . no conclusions can 

be drawn about these constructs. ~ :r)) NO: 11) 
Moreover, co~expression of the gH341 gene~with cL 

o r mL has been variable and has tended to produce 

l ower amounts of antibody than the cH/cL o r mH/mL ) 
. , . ( $6Q I.b NO'. I I 

comb1.nat1.ons . The al t..erat,Lo.ns to gH~ l.A t o 
f"~-s;:,>~:l'l;-1 L~J:(,.(, ~.() \'IU5<2.J ) ... . 

produce gH34l~ana gH341B lead t o ~mproved level s 

of expression. 
A 1\ 

This may be due either to a general increase in 

the fraction of mouse sequence in the variable 

region, or to the alteration at position 63 where 

the residue is returned to the human amino acid 

Valine (Val) from Phenylalanine (Phe) to avoid 

possible internal packing probl ems with the rest 

of the human framework. This arrangement also 

occurs in gH331 and gH32 1. 

When gH321 or gH331 were expre s sed i n association 

with cL, ant i body was produced but a n tib ody 

binding act i vity was not detected. ( '5\!0-~ ~Oi !1) 
When the more c onservative gB34 1 geneAwas u~ed 

antigen binding could be detected i n association 

with cL or rnL, but the activity was only 

marginally above the background level. 
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When f urther mouse residues were substituted based 

on the arguments in 12.1, antigen binding could be 

clearly demonstrated for the antibody produced 

when kgB341A and kgB341B were expressed in 

association with cL. 

14.3 PRODUCTION OF FULLY CDR-GRAFTED ANTIBODY 

The kgL221A gene was co-expressed wit h kgH341, 

kgH341A or kgH341B. For the combination 

kgH221A/ kgH341 very lit t l e mat erial was produced 

in a normal COS c e l l expression. 

For the combinations kgL221A/ kgH341A or 

kgH221A/ kgH341B amounts of antibody s imil ar t o 

gL/ cH was produced. 

In several experiments no antigen binding activi t y 

coul d be detected with kgB221A/ gH341 or 

kgH221A/ kgH341 combinations , a l though expression 

levels were very low. 

Ant igen binding was de t ec t ed when kgL221A/ kgH341A 

or kgH221A/ kgH341B combinations were expressed. 

In the case of the antibody produced from the 

kgL221A/kgH341A combination the antigen binding 

was very similar to that of the chimeric antibody. 

An analysis of the above results is given bel ow. 

15. DISCUSSION OF CDR-GRAFTING RESULTS 

15 . 1. 

I n the design of the ful l y humanised antibody the 

aim was t o transfer the minimum number of mouse 

amino acids that would confer ant igen binding onto 

a human antibody framework. 

LIGHT CHAIN 

15.1.1. EXTENT OF THE CDRs 

For the l ight c hain the regions defining the loops 

known from structural studies of other antibodies 

to contain t he antigen cont acting residues, and 
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those hypervariable sequences defined by Kabat ~ 

al (refs. 4 and 5 ) as Complementarity Determining 

Regions ( CDRs) are equivalent for CDR2 . For CDR! 

the hypervariable region extends from residues 

24-34 inclusive while the structural l oop extends :1 
(.)~Q .I'D Y'«)S; 

from 26-32 inclusive. In the case of OKT3Athere 

is only one amino acid difference between the two 

options, at amino acid 24, where the mouse 

sequence is a serine and the human framework REl 

has glutamine. For CDR3 the loop extends from 

residues 91-96 inclusive while the Kabat 

hypervariability extends from residues 89-97 ;q 
inclusive. For 0KT3 amino acids 89, 90 and 97 . N" 'b~rJ9 

{SEQ t:-D v_:,.. / 
are the same between OKT3 and REl (Fig. 3~; When 

constructs based on the l oop choice for CDRl 

{gL12l) and the Kabat choice (gL221) were made and 

co-expressed with mH or cH no evidence for antigen 

binding activity could be found for gL121, but 

trace activity could be detected for the gL221, 

suggesting that a single extra mouse residue in 

the grafted variable region could have some 

detectable effect. Both gene constructs were 

reasonably well expressed in the transient 

expression system. 

15.1.2. FRAMEWORK RESIDUES 

The remaining framework residues were then further 

examined, in particular amino acids known from 

X-ray analysis of other an t ibodies to be close to 

the CDRs and also those amino acids which in OKT3 

showed differences from the consensus framework 

for the mouse subgroup (subgroup VI) to which 0KT3 

shows most homo logy. Four positions 1, 3 , 46 and 

47 were identified and their possible contribution 

was examined by substituting the mouse amino acid 

for the human amino acid at each position. 

Therefore gL221A (gL221 + DlQ, Q3V, L46R, L47W, 
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see Figure 3 and Table 1) was made, cloned in 

EE6hCMVneo and co-expressed with cH (pJA144). The 

resultant antibody was wel l expressed and showed 

good bindi9q activity. When the related genes l)fD .).."<;:! ['ol~·.t..~l 
gL221BA( gL221 + Dl Q, Q3V) and gL221C (gL221 + 

L46R, L47W ) were made and similarly tested, whi l e 

both genes produced antibody when co-expressed 

with cH, only the gL221C/c.H combination s howed 

good antigen binding. When the gL121A (gL121 + 

DlQ, Q3V, L46R, L47W) gene was made and 

co-expressed with cH, antibody was produced which 

also bound to antigen. 

15.2. HEAVY CHAIN 

15. 2 .1. EXTENT OF THE CDRs 

For the heavy chain the loop and hypervariability 

analyses agree only in CDR3. For CDRl t he loop 

region extends from r e sidues 26-32 inclusive 

whereas the Kabat CDR e xtends from residues 31-35 

inclusive. For CDR2 the loop region is from 

S0-58 inclusive while the hypervariable region 

c overs amino acids 50-65 incl usive. Therefore 

humani sed heavy chains were constructed using the 

f ramework from antibody KOL and with various 

combinations of these CDR choices, including a 

shorter choice for CDR2 of S0-56 inclusive as 

t here was some uncertainty as to the definition of 

the end point for the CDR2 loop around residues 56 

to 58 . The genes were co-expressed with mL or cL 

initially. In the case of the gH genes with loop 

choices for CDRl e.g. gH121, gH131 , gB141 very 

little antibody was produced in the culture 

supernatants. As no free light chain was 

detected it was presumed that the antibody was 

being made and assembled inside the cell but that 

the heavy chain was aberrant in some way, possibly 

incorrectly folded, and t herefore the antibody was 
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being degraded internally. In some experiments 
trace amoun~s of antibody could be detected in 35s 

labelling studies. 

As no net antibody was produced, analysis of t hese 
constructs was not pursued further. 

When, however, a combination of the loop choice -

and the Kabat choice for CDRl was t e sted (mouse 

amino acids 26-35 i nclusive) and in which residues 

31 (Ser to Arg ) , 33 {Ala to Thr ) , and 35 (Tyr to 
His) were changed f rom the human residues t o the 

mouse residue and c ompared to the first series, 

antibody was produced f or gH321, kgH33 1 and kgH341 

when co-expressed wi th cL. Expression was 

generally low and could not be markedly improved 

by the insertion of the Kozak consensus sequence 
5 ' to t he ATG of the s i gnal sequence of t he gene, 

as distinct from the case of the gL genes where 

such insert ion led to a 2-5 fold increase in net 
antibody production. However, only in the case 

of gH341 / mL or kgH341/cL could marginal antigen 

binding activity be demonstrated. When tg~ 'J.."\:1 1-JD'. 2.~ 
kgH341 gene was co-expressed with kgL221~ the net 

yield of antibody was t oo low to give a signal 
above the background level in the antigen binding 

assay. 

15.2.2. FRAMEWORK RESIDUES 

As in the case of the light chain the heavy chain 

frameworks were re-examined. Possibly because of 

the lower initial homology between the mouse and 

human heavy variable domains compared to the light 

chains, more amino acid positions proved to be of 

interest. Two genes kgH341A and kgH341B were 

constructed, with 11 or 8 human residues 

respecti vel y substitut ed by mouse residues 

compared to gH341, and with the CDR2 residue 63 

returned to the human amino acid potentially to 
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improve domain packing. Both showed antigen 

binding when combined with cL or kgL221A, the 

kgH3 4 1A gene with all 11 changes appearing to be 

the superior choice. 

INTERIM CONCLUSIONS 

It has been demonstrated, therefore, for 0KT3 that 

to transfer antigen binding ability to the 

humanised antibody, mouse residues outside the CDR 

regions defined by the Kabat hypervariability or 

structural loop choices are required for both the 

light and heavy chains. Fewer e xtra residues are 

needed for the light chain, possibly due to the 

higher initial homology between the mouse and 

human kappa variab le regions~ 

Of the .changes seven (1 and 3 from the light chain 

and 6 , 23, 71 , 73 and 76 from the heavy chain) are 

predicted from a know l edge of other antibody 

structures t o be either partly exposed or on t he 

antibody surface. It has been shown here that 

residues 1 and 3 in the light chain are not 

absolutely required to be the mouse sequence; and 

for the heavy chain the gH341B heavy c hain in 

combination with the 221A light chain generated 

only weak binding activity. Therefore the 

presence of the 6, 23 and 24 changes are important 

to maintain a binding affinity similar to that of 

the murine antibody. It was important, 

therefore, to further study the individual 

contribution of othe other 8 mouse residues of the 

kgH341A gene compared to kgH341. 

16. FURTHER CDR-GRAFTING EXPERIMENTS 

Additional . CDR-grafted heavy chain genes were 

prepared substantially as described above. With 

reference to Table 2 the further heavy chain genes 

were based upon the gh341 (plasmid pJAl 78) and 
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c.:;8Q '(_\) 

gH341A (plasm~d pJA185 ~with either mouse OKT3 or 

human KOL res~dues at _6 , 23 , 24 , 48, 49, 63, 71, 

73, 76, 78, 88 and 91, as indicate d. The CDR

grafted light c hain g~nes us~d in these furthef 
lSEQl>PNO:tb ) l~E:Q:COND:Zt> )~'l"J>!IO: Z!7 (~:fDI'JV.i 

experiments were gL22~ , gL221~ gL22 1BAand gL221~ 

as described above. 
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TA@LE 2 

OKT3 HEAVY CHAI N CDR GRAFTS 

l. gH34l and derivatives 

RES
1

NUM 6 23 24 . 48 . 49 63 7l 73 76 78 88 91 

OKT3vh g K A I G F T K s A A y 

gHJ4l E s s v A F R N N L G F JA178 

gH341A g K A I G v T K s A A Y JA185 

gH34lE g K A I G v T K s A G G JA198-..._ 

gH34l* g K A I G v T K N A G F JA207-=-

gHJ41* g K A I G v R N N A G F JA209 

gH341D g K A I G v T K N L G F JA197 

gH341* g K A I G v R N N L G F JA199 

gH34_1C g K A v A F R N N L G F JA184 

gHJ4 l * g s A I G v T K s A A Y JA203 

gH341* E s A I G v T K s A A Y JA205 

gH34l.B E s s I G v T K s A A Y JA183 

gH341* g s A I G v T K s A G F JA204 

gH34l* E s A I G v T K s A G F J A206 

gH341"* g s A I G v T K N A G F JA208 

KOL E s s v A R N N L G F 

~6 
';0 

(_pf-'Q ·t:-v f'.lO: ?f: ID Oild l! - t+) 
OKTJ LIGHT CHAIN CDR GRAITS 

2. gL221 and derivatives 

RES ~ l 3 46 47 

OKT3vl g v R \.l 

GL221 D Q L L DA221 

gL2 21A g v R W 0A221A 

gU21B g v L L DA221B 

GL2 21C D Q R t.J DA221C 

REl D Q !).q L L 

~ ~ lo£Q ~\) ~o·. %\~ l q &fe\ 'ltD,.. n) 
MURINE RESIDUES ARE UNDERLINED 

------~ 
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The CDR- grafted heavy and light chain genes were 

co-expressed in COS cells e i ther with one another in 

various combinations but also with the corresponding 

murine and chimeric heavy and light chain genes 

substantially as described above. The resultant antibody 

products were then assayed in binding and blocking assays 

with BPB-ALL cells as described above. 

The results of the assays for various graftgd heavy ~ains 
_f'i:> tc.Q 4=D NU : t~/ 

co-expressed with the gL22lC light chai ,~are given in 

Figures 7 and 8 (for the JA184, JA185, JA197 and JA198 

constructs - see Table 2), in Figure 9 (for the JALB~, 
CJ. ~na b 

JA184, JA185 and JA197 constructs) i n Figure 10 (for the 
II 

chimeric, JA185, JA199, JA204, JA2051.~\A207, J A208 and 

JA209 constructs) and in Figure ll;(for the JA183, JA184, 

JA185, JAl98, JA203, JA205 and J A206 constructs). 

The basic grafted product without any human to murine . ~J 

h · · k · 221(2F..R 4--D NQ.W; c anges 1.n the varl.able framewor s, 1..e. ) gL .11 [sro :tP IXb • \ I / ' 
co-expressed with gh341 (JA1 78~, and also the "fully 

grafted" product, having most human to murine changes in ) 
. tsEO :1-0 N.IY. 2..8 

the grafted heavy chain framework , 1..e. gL22lCA 
cswn ~0: 1'2.) 

co-expressed with gh341A (JAlBS~, were assayed for 

relative binding affinity in a competition assay against 

murine OKT3 reference standard, using HPB-ALL cells. The 

assay used was as described above in section 3.3. The 

results obtained are given in Figure 12 for the basic 

grafted product and in Figure 13 for the fully grafted 

product . These results indicate that the basic grafted 

product has neglibible binding ability as compared with 

the OKT3 murine reference standard; whereas the "fully 

grafted" product has a binding ability very similar to 

that of the OKT3 murine reference standard. 

The binding and blocking assay results indicate the 

following: 
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The JA198 and JA207 constructs appear to have the best 
binding characteristics and similar binding abilit ies, 

both substantially the same as the chimeric and fully 

grafted gH341A products. This indicates that positions 

88 and 91 and position 76 are not highly critical for 

maintaining the OKT3 binding ability; whereas at least 

some of positions 6, 23, 24, 48, 49, 71, 73 and 78 are 

more important. 

This is borne out by the finding that the JA209 and JA199, 

alt hough of similar binding ability to one anot her, are of 

lower binding ability than the JA198 and JA207 
const ructs. This indicates t he import ance of having 

mouse residues at positions 71, 73 and 78, which are 
either completely or parti a l ly human in the JA199 and 
JA209 constructs respectively. 

Moreover, on comparing the results obtained for the JA205 

and JA183 constructs it is seen that there is a decrease 
in binding going from the JA205 to the JA183 const ructs. 

This indicates the import ance of retaining a mouse residue 

at position 23, the only position changed between JA205 

and JA163. 

These and other r esults lead us t o the conclusion that of 

the 11 mouse framework residues used in the gH341A (JA185 ) 

construct, it is import ant to retain mouse residues at all 

of positions 6, 23, 24, 48 and 49, and possibly for 

maximum binding affinit y a t 71, 73 and 76. 

Similar Experiments were carried out to CDR-graft a number 

of the rodent antibodies including antibodies having 

specificity for CD4 (OKT4), ICAM-1 (R6-5 ) , TAG72 (B72.3), 

and TNF~( 6 1E71, 101.4, hTNFl, hTNF2 and hTNF3). 
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EXAMPLE 2 

CDR-GRAFTING OF A MURINE ANTI-CD4 T CELL 

RECEPTOR ANTIBODY, OKT4A 

PCT/ GB90/0l0 17 

Anti OKT4A CDR-grafted heavy and light chain genes were 

prepared, expressed and tested substantially as described 

above in Example 1 for CDR-grafted OKT3. The CDR 

grafting of OKT4A is described in detail in Ortho patent 

application PCT/GB 90 .•••••••• of even date herewith 

entitled "Bwnanised Antibodies ". The disclosure of this 

Ortho patent application PCT/GB 90 ··••.••• • • • is 

incorporated herein by reference. A number of 

CDR-grafted OKT4 antibodies have been prepared. 

Presently the ·CDR-graf ted OKT4A of choice is the 

combination of the grafted light chain LCDR2 and the 

grafted heavy chain HCDR10. 

THE LIGHT CHAIN 

The human acceptor fr~e~o[k used for the grafted light 
0'S p ~: ~o..ro ~ . 

chains was REJ,\- The pref rred LCDR2 light chain has 

human to mouse changes at positions 33, 34, 38, 49 and 89 

in addition to the structural loop CDRs. Of these 

changed positions, positions 33, 34 and 89 fall within the 

preferred extended CDRs of the present invention 

(positions 33 and 34 in CDRl and position 89 in CDR3). 

The human to murine changes at positions 38 and 49 

corresponds to positions at which the amino acid residues 

are preferably donor murine amino acid residues in 

accordance with the present invention. 

A comparison of the amino acid sequences of the donor 

murine light chain variable domain and the RE1 human 

acceptor light chain variable further reveals that the 

murine and human residues are identical at all of 

positions 46, 48 and 71 and at all of positions 2, 4, 6, 

35, 36, 44, 47, 62, 64-69, 85, 87, 98, 99 and 101 and 102. 

However the amino acid residue at position 58 in LCDR2 is 
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the human REl framework residue not the mouse OKT4 residue 

as would be preferred in accordance with the present 

invention. 

THE HEAVY CHAIN 

The human acceptor f ramework used for the grafted heavy 
. (Sf.G. L-'t> w·. It)~ 

cha1.ns was KOL,.r 

The preferred CDR graft HCDR10 he avy chain has human to 

mouse changes at positions 24, 35, 57, 58, 60, 88 and 91 

in addition to the structural l oop CDRs. 

Of these positions , positions 35 (CDR1) and positions 57, 

58 and 60 (CDR2 ) fall within the pre f erred extended CDRs 

of the present invention. Also the human t o mouse change 

at position 24 corresponds to a posi tion at which the 

amino acid residue is a donor murine residue in accordance 

with the present invention. Moreover, the human to mouse 

changes at positions 88 and 91 correspond to positions at 

which the amino acid residues are optionally donor murine 

residues. 

Mor eover, a comparison o f the murine OKT4A and human KOL 

heavy chain variable amino acid sequences reveals that the 

murine and huma n res i dues are identical at all of 

positions 2 3 , 49, 71, 73 and 78 and at all of positions 2, 

4, 6, 25 , 36, 37, 39, 47, 48, 93, 94, 103, 104, 106 and 

107. 

Thus the OKT4A CDR-grafted heavy chain HCDR10 corresponds 

t o a particularly preferred embodiment according to the 

present inve ntion • 
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EXAMPLE 3 

CDR-GRAFTING OF AN ANTI-MUCIN SPECIFIC MURINE 

ANTIBODY, 872. 3 

The cloning of the genes coding for the anti-mucin 

specific murine monoclonal antibody 872.3 and the 

preparation of B72.3 mouse-human chimeric antibodies has 

been described previously (ref. 13 and WO 89/01783). 

CDR-grafted versions of B72.3 were prepared as follows. 

(a) 872.3 Light Chain 

CDR-grafting of this light chain was accomplished 

by direct transfer of the murine CDRs into the 

framework of the human light chain REl. 

The regions transferred were: 

CDR Number 

1 

2 

3 

Residues 

24-34 

50-56 

90-96 

The activity of the resulting grafted light chain 

was assessed by co-expression in COS cells, of 

genes for the combinations: 

B72.3 cB/B72.3 cL 

and B72.3 cH/B72.3 gL 

Supernatants were assayed for antibody 

concentration and for the ability to bind to 

microtitre plates coated with mucin. The 

results obtained indicated that, in combination 

with the 872.3 cH chain, 872.3 cL and 872.3 gL 

had similar binding properties. OJ'~ £1 

( SeQ 1:~ 00'·V 
Comparison of the murine 872.3 and REIAlight chain amino 

acid sequences reveals that the residues are identical at 

positions 46, 58 and 71 but are different at position 48 • 
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Thus changing the human residue to the donor mouse residue 

at position 48 may further improve t he b i nding 

c haracteristics of the CDR- grafted light chain, (872.3 gL } 

in accordance with the present invention. 

(b) 872 . 3 heavy chain 

i . Choice of framework 

At the outset it was necessary to make a 

choice of human framework . Simply put, 

the question was as follows : Was it 

necessary to use the framework regions from 

an antibody whose crystal structure was 

known or could the choice be made on some 

other criteria? 

For 872.3 heavy chai n , it wa s reasoned 

that, while knowledge of structure was 

important, transfer of the CDRs from mouse 

to human frameworks might be facilitated if 

t he overall homology between the donor and 

receptor frameworks was maximised. 

Comparison of the B72.3 heavy chain 

sequence with those i n Kabat (ref. 4 ) for 

human heavy chains showed clear{Jf.~n.t§ (UD'.!OJ 

872.3 had poor homology for KOLAand NEWM 

(for which crystal structures are 

available) but was very homologous to the 

heavy chain for EU. 

On this basis, EU was c hosen for the 

CDR-grafting and the following residues 

transferred as CDRs. 

CDR Number 

1 

2 

3 

Res idues 

27-36 

50-63 

93-102 
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Also it was not i ced that the FR4 region of 

EU was unlike that of any other human (or 

mouse ) antibody . Consequently , in the 

grafted heavy chain genes this was also · 

changed to produce a "consensus" human 

sequence. (Preliminary experiments showed 

that grafted heavy c hain genes containing 

the EU FR4 sequence expressed very poorly 

in transient expression systems.) 

ii. Results with grafted heavy chain genes 

Expression of grafted heavy chain genes 

containing all human framework regions with 

either gL or cL genes produced a grafted 

antibody with little ability to bind to 

mucin. The grafted antibody had about 1% 

the activity of t he c himeric antibody. 

In these experiments, however, it was noted 

t hat the activity of the grafted antibody 

could be increased to,.vlO% of B72.3 by 

exposure to pBs o f 2 - 3 .5. 

This observation provi ded a clue as to how 

the activity of t he grafted antibody could 

be improved without ac i d treatment. It 

was postulated that acid exposure brought 

about the protonation of a n acidic residue 

(pKa of aspartic acid • 3 .86 and of 

glutamine acid = 4.2 5) which in turn caused 

a change in structure of t he CDR loops , or 

allowed better acces s of antigen. 

From comparison of the sequences of B72.3 

(re f. 13) and EU ( refs. 4 and 5 ) , it was 

clear that, in going f r om the mouse to 

human frameworks, only two pos i t i ons . had 

been changed in such a way that acidic 

residues had been introduced. These 
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positions are at residues 73 and 81, where 

K to ~ and Q to E changes had been made, 

respec.tively. 
Which of these positions might be important 

was determined by examining the crystal 

structure of the KOL aniibody. In KOL 
(.5 t;:.~ '{::\) ~·. 10 

heavy chain, pos~tion 8 is far removed 
. .A 

from e~ther of the CDR loops. 

Position 73, however 1 is close to both CDRs 
1 and 3 of the heavy chain and 1 in this 

position it was possible to envisage that a 

K to E change in this region could have a 

detrimental effect on antigen binding. 

iii. Framework changes in B72.3 gH gene 

On the basis of the above analysis 1 E73 was 

mutated to a lysine (K). It was found 

that this change had a dramatic effect on 
the ability of the grafted Ab to bind to 

mucin. Further the ability of the grafted 

B72.3 produced by the mutated gH/gL 

combination to bind to mucin was similar to 

that of the B72.3 chimeric antibody. 

iv. Other framework changes 

In the course of the above experiments, 

other changes were made in the heavy chain 
framework regions. Within the accuracy of 

the assays used 1 none of the changes, 

either alone or together, appeared 

beneficial. 

v. Other 

All assays used measured the ability of the 

grafted Ab to bind to mucin and, as a whole, 

indicated that the single framework change 

at position 73 is sufficient to generate an 

antibody with similar binding properties to 

B72.3. 
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Comparison of the B72.3 murine and EU heavy 

chain sequences reveals that the mouse and 

human residues are identical at positions 

23, 24, 71 and 78 . 

Thus the mutated CDR-grafted B72. 3 heavy 

chain corresponds to a preferred embodiment 

of the present invent i on. 
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EXAMPLE 4 

CDR-GRAFTING OF A MURINE ANTI- I CAM-1 MONOCLONAL ANTIBODY 

A murine antibody, R6-5-D6 (EP 0314863 ) having specificity' 

for Intercellular Adhesion Molecule 1 (ICAM-1) was 

CDR-grafted substantially as described above in previous 

examples. This work is described in greater detail in 

co-pending application, British Patent Application No. 
9009549.8, the disclosure of which is incorporated herein 

by reference. 

The human EU framework was used as the acceptor framework 
for both heavy and light chains. The CDR-grafted 

antibody currently of choice i~_provided ~y co-expression 
l'S~ ~\) \\(.)~ 'l-Ie) 

of grafted liqht,chain gL221A and grafted heavy chain 
(.';)~ -n 1'{0·. ll? J ;\ 

gH341D~which has a binding affinity for !CAM 1 of about 

75% of that of the corresponding mouse-human chimeric 
antibody. 

LIGHT CHAIN 

gL221A has murine CORs at positions 24-34 (CDR1), S0-56 
(CDR2) and 89-97 (CDR3). In addition several framework 
residu_es are also the murine amino acid. These residues 
were chosen after consideration of the possible 

contribution of these residues to domain packing and 

stability of the conformation of the antigen binding 

region. The residues which have been retained as mouse 

are at positions 2, 3, 48 (?), 60, 84, 85 and 87. 

Comparison of the murine anti-ICAM 1 and human EU light 

chain amino acid sequences reveals that the murine and 

human residues are identical at positions 46, 58 and 71. 

HEAVY CHAIN 

gH341D has murine CDRs at positions 26-35 (CDR1), 50-56 

(COR2) and94-100B (CDR3). In addition murine residues 

were used in gH341D at positions 24, 48, 69, 71, 73i 80, 

88 and 91. Comparison of the murine anti-ICAM 1 and 

human EU heavy chain amino acid sequences are identical at 

positions 23, 49 and 78. 
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EXAMPLE 5 

CDR-Grafting of murine anti-TNFa an t ibodies 

A number of murine anti-TNFa monoclonal antibodies were ' 

CDR- grafted substantially as descri bed above in previous 

examples. These antibodies include t he murine monoclonal 

antibodies designated 61 E71, hTNFl, hTNF3 and 1 01 .4 A 

brief summary of the CDR-grafting of each of these 

antibodies is given below. 

61E71 

A similar analysis as described above (Example 1, Section 

12.1.) was done for 61E7l and for the heavy chain 10 

residues were identified at 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 

t his antibody, and the hTNF3 and 101.4 antibodies were REl 

for the light chain and KOL for the heavy chain . 

Three genes were built , the first of which contained 23, 

24, 48, 49, 71 and 73 [gH341( 6) ] as murine residues. The 

second gene also had 75 and 88 as murine residues 

[gH341(8)] while the third gene additionally had 68, 69, 

75 and 88 as murine residues [gH341(10 )] . Each was 

co- expressed with gL221, the minimum grafted light chain 

(CDRs only). The gL221/gH341(6) and gL221/gH341(8) 

a ntibodies both bound as well to TNF as murine 61E71. 

The gL221/gB341(10) antibody did not express and this 

combination was not taken further. 

Subsequently the gL221/gH341(6) antibody was assessed in 

an L929 cell competition assay in which the antibody 

competes against the TNF receptor on L929 cells for 

bindin g to TNF in solution. In this assay the 

gL221/gH341(6) antibody was approximately 10% as active as 

murine 61E71. 
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hTNFl 

hTNFl is a monoclonal antibody whi ch rec ogni ses an epitope 

on human TNF- The EU human f ramework was used for 

CDR-grafting of both the heavy and light vari abl e domains. 

Heavy Chain 
I n the CDR-grafted heavy chain (ghTNFl) mouse CDRs were 

used at positions 26-35 (CDRl ) , 50-65 (CDR2) and 95-102 

(CDR3). Mouse residues were als o u sed in the frameworks 

at positions 48, 67, 69, 71, 73, 76, 69, 91, 94 and 108. 

Comparison of the TNF1 mouse and EU human heavy chain 

residues reveals that these are identical at positions 23, 

24, 29 and 78. 

Li ght Chain 
I n t he CDR-grafted light chain (gLhTNF1 ) mouse CORa wre 

used at positions 24-34 (CDRl) , 50-5 6 (CDR2) and 89-9 7 

(CDR3 ) . In addition mouse residues were used in the 

f rameworks at positions 3 , 42, 48, 49 , 83 , 106 and 108. 

Comparis on of the hTNF1 mouse and EU human l ight chain 

r esidue s reveals that these are identical a t positions 46, 

58 and 71. 

The grafted hTNF1 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. 

Simil arly, a grafted heavy chain/ grafted light chain 

product was co-expressed and compared with t he fully 

chimeric product and found t o have c losely simil ar bindinq 

propert ies to the latter product . 
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hTNF3 

hTNF3 recognises an epitope on human TNF-0(. The 

sequence of hTNF3 shows only 21 differences compared to 

61E71 in the light and heavy chain variable regions, 10 in 

the light chain (2 in the CDRs at positions 50, 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 1, 10, 

38, 40, 67, 73, 87 and 105). The light and heavy chains 

of the 61E71 and hTNF3 chimeric antibodies can be 

exchanged without loss of activity in the direct binding 

assay. However 61E71 is an order of magnitude less able 

t o compete with the TNF receptor on L929 cells for TNF-a 

compared to hTNF3. Based on the 61E71 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 TNF-a, but competes very 

poorly in the L929 assay. It is possible that in this 

case also the framework residues identified for OKT3 

programme may improve t he competitive binding ability of 

this antibody. 

101.4 

101.4 is a further murine monoclonal antibody 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 RE1 for the light chain and KOL for the 

heavy chain. Several grafted heavy chain genes have been 

constructed with clnservative choices for the CDR's 
l5€Q 1:~ ND! I\ 

{gH341)~and which ave 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 cL 

or gL221. 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 gL221 the resultant antibodies 
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are a t least an order of magnitude l e ss 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. 

A number of other antibodies including antibodies having 

specificity for interleukins e.g. ILl and cancer markers 
such as carcinoembryonic antigen (CEA) e.g. the monoclonal 
antibody A5B7 (ref. 21), have been successfully 

CDR-grafted according t o the present invention. 

It will be appreciated that the f oregoing examples are 

given by way of illustration only and are not intended to 

limit the scope of the claimed invention. Changes and 
modifications may be made to the methods de scribed whilst 

still falling within the spirit and scope of the invention • 
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CLAIMS 

1. A CDR-grafted antibody heavy chain having a variable 

region domain comprisi acceptor framework and donor 

antigen binding region wherein the framework 

2. 

3. 

4. 

5. 

6. 

comprises donor residu least one of positions 

49, 71 and/or 73, 75 

and/or 91. 

6, 23 and/or 24, 

and/or 76 and/or 78 

A CDR-grafted heavy c according to Claim 1 

comprising 

71, 7 3 and 

A CDR-grafted heavy 

at positions 23, 24, 49, 

positions 23, 24 and 49. 

hain according to Claim 2 

comprising donor res dues at positions 2, 4, 6, 25, 

36, 37, 39, 47, 48, 94, 103, 104, 106 and 107. 

A CDR-grafted heavy 

· comprising donor re 

positions: 

1 and 3, 

69 (if 48 is differen 

38 and 46 (if 48 is t 
67, 

82 and 18 (if 67 is t 
91, and 
any one or more of 9, 

A CDR-grafted heavy c 

preceding comprising 

50~65 and 95-100. 

according to Claim 2 or 3, 

at one, some or all of 

between donor and acceptor), 
e donor residue), 

donor residue), 

11, 41, 87, 108, 110 and 112. 

according to any of the 

onor CDRs at positions 26-35, 

light chain having a variable 

region domain compri ing acceptor framework and' donor 

antigen binding regi ns wherein the framework 

comprises donor resi 

1 and/or 3 and 46 

at at least one of positions 

47. 
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A CDR-grafted light c 

comprising donor resid 

according to Claim 6 

at positions 46 and 47. 

8 . A CDR-grafted antibody light chain having a variable 

region domain comprisi g acceptor framework and donor 

antigen binding region wherein the framework 

9. 

\ 

comprises donor residu s at at least one of positions 

46, 48, 58 and 71. 

A CDR-grafted light 

comprising donor resi 

71. 

according to Claim e 
at positions 46, 48, 58 and 

10. A CDR-grafted light 

comprising donor re 

36, 38, 44, 47, 49, 

and 102. 

according to Claim 8 or 9, 

at positions 2, 4, 6, 35, 

, 64-69, 85, 87, 98, 99 , 101 

11. A CDR-grafted light according to Claim 9 or 10, 

comprising donor res dues at one, some or all of 

positions : 

1 and 3, 

63, 

60 (if 60 and 54 are able to form a potential 

saltbridge), 

70 (if 70 and 24 ar 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 0, 12, 40, 83, 103 and 105 . 

12 . A CDR-grafted light chain according to any one of 

Claims 6-11, compri ing donor CDRs at positions 

24 - 34, S0-56 and 89 97. 
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13 . A CDR-grafted antibody o l ecule c omprising at least 

one CDR-grafted heavy hain according to any one of 

Claims 1-5 and at leas one CDR-grafted light chain 

according ~o any one o Claims 6- 12. 

14. A CDR-grafted antibody molecule according to Claim 

13, which is a site-sp cific antibody molecule. 

15. A CDR-grafted antibody molecule according to Claim 13 

which has specificity for an interleukin, hormone or 

other biologically compound or a receptor 

therefor. 

16. A CDR-grafted antibo 

molecule according t 

comprising human 

donor residues. 

heavy or light chain or 

one of the preceding claims 

esidues and non-human 

17. A DNA sequence whi f or a CDR-grafted heavy 

chain according to C aim 1 or a CDR-grafted light 

chain according to C aim 6 or Claim 8. 

18 . · A cloning or expres vector containing a DNA 

sequence according o Claim 17. 

19. A host cell transfo ed with a DNA sequence according 

20. 

to Claim 17. 

A process for the 

antibody sequence 

transformed host c 

reduction of a CDR-grafted 

to Claim 17 in a 

21. A process for pr ducing a CDR-grafted antibody · 

product compris· g: 
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( a ) ssion vector an operon 

having a DNA sequenc which encodes an antibody 

heavy chain accordin t o Claim 1; 

and/ or 

(b) producing in an exp vector an operon 

having a DNA sequen e which encodes a 

complementary antib dy light chain according to 

Claim 6 or Claim 8; 

(c) transfecting a host cell with the or each vector; 

and 

(d) culturing the trans ected cell line to produce 

the CDR- grafted ant body product. 

22. A therapeutic or diagnos ic composition compr~s~ng a 

CDR-grafted antibody hea chain according to .Claim 

1, or a CDR-grafted lig t chain according to Claim 6 

fted antibody molecule 

a 6 cording to Claim 13 , . combination with a 

pharmaceutically le carrier, diluent or 

excipient . 

23 . A method 

administering 

heavy chain 

light chain 

CDR-grafted 

to a hum~ or 

comprising 

amount of a CDR-grafted 

to Claim 1, or a CDR-grafted 

to Claim 6 or Claim 8, or a 

according to Claim 1 3 
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ABSTRACT 

CDR-grafted antibody heavy and light chains 

comprise acceptor framework and donor antigen binding 

regions 1 the heavy chains comprising donor residues at at 

5 least,one of posi tions (61 23) and/or (24/ 48) and/or (49 / 

71) and/or (73 1 75) and/or (76) and/or (78) and (88) and/or 

(91) . The CDR -grafted light chains comprise donor residues 

at at least one of positions (1) and/or (3) and (46) and/or 

(47) or at at least one of positions {46, 48, 58) and (71) . 

10 The CDR-grafted antibodies are preferably humanised 

antibodies, having non human, e . g . rodent, donor and human 

acceptor frameworks, and may be used for in vivo therapy and 

diagnosis. A generally appl i cable protocol is disclosed for 

obtaining CDR- grafted antibodi es. 
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101 gtctccagca atcatgtctg catc~ccagg ggagaaggtc accatgacct 

gcagtgccag ctcaagtgta agttacatga actggtacca gcagaagtca 

ggcacctccc ccaaaagatg gatttatgac acatccaaac tggcttctgg 
agtccctgct cacttcaggg gcagtgggtc tgggacctct tactctctca 

151 
201 
251 

301 
351 
401 

451 
501 

551 
601 
651 
701 

751 
801 

851 

901 

caatcagcgg catggaggct gaagatgctg ccacttatta ctgccagcag 
tggagtagta acccattcac gttcggctcg gggacaaagt tggaaataaa 
ccgggctgat actgcaccaa ctgeatccat cttcccacca tccagtgagc 

agttaacatc tggaggtgcc tcagtcgtgt gcttcttgaa caacttctac 
cccaaagaca tcaatgtcaa gtggaaqatt gatggcagtg aacgacaaaa 
tggcgtcctg aacagttgga ctgatcagga cagcaaagac agcacctaca 
gcatgagcag caccctcacg ttgaccaagg acgagtatga acgacataac 

agctatacct gtgaggccac tcacaagaca tcaacttcac ccattgtcaa 
gagcttcaac aggaatgagt gtTAGAGACA AAGGTCCTGA GACGCCACCA 
CCAGCTCCCA GCTCCATCCT.ATCTTCCCTT CTAAGGTCTT GGAGGCTTCC 

CCACAAGCGC tTAC_CACTGT TGCGGTGCTC tAAACCTCCT CCCACCTCCT 
TCTCCTCCTC CTCCCTTTCC 1~GGCTTTTA TCATGCTAAT ATTTGCAGAA 
AATATTCAAT AAAGTGAGTC TTTGCCTTGA AAAAAAAAAA AAA 

Fig. 1 (a) 

1 MPfOVOIFSF LLISASVIIS RGQIVLTQSP AIMSASPGEK VTMTCSASSS 

51 VSYMNWYQQK SGTSPKRWIY DTSKLASGVP AHFRGSGSGT SYSLTISGME 
101 AEDAATYYCQ QWSSNPFTFG SGTKLEINRA DTAPTVSIFP PSSEQLTSGG 

151 ASVVCFLNNF YPKOINVKWl< IDGSERQNGV LNSWTOQOSK OSTYSMSSTL 
201 TLTKDEYERH NSYTCEATHK TSTSPIVKSF NRNEC* 

Fig. l(b) 

sussiuure SHEET 

; ·-·,~- . 
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1 

51 

101 

151 

201 

251 

301 

351 

401 

451 

501 

551 

601 

651 

701 

751 

801 

851 

901 

951 

1001 

1051 

1101 

1151 

1201 

1251 

1301 

1351 

1401 

1451 

1501 

1551 

tJf/&;3§6? 
2/15 

GAATTCCCCT CTCC.AC.AG.AC .ACTGAAA..ACT CTG.ACTCAAC ATGGAAAGGC 

ACTGG.ATCT'I' TCTF\CTCCTG TTGTCAGTAA CTGGAGGTGT CCACTCCCAG 

GTCCAGCTGC AGCAGTCTGG GGCTGAACTG GCA.AGACCTG GGGCCTCAGT 

GAAGATGTCC TGCAAGGCTT CTGGCTACAC CTTT.ACTAGG T.ACACGATGC 

ACTGGG'I'AM ACAGAGGCCT GGACAGGGTC TGGAATGGAT TGGAT.ACATT 

AATCCTAGCC GTGGTTATAC TAATTACA.AT CAGAAGTTCA AGG.ACAAGGC 

CAC.ATTGACT ACAG.ACAMT CCTCCAGCAC AGCCTACATG CAACTGAGCA 

GCCTGACATC TGAGGACTCT GCAGTCTATT ACTGTGCAAG ATATTATGAT 

GATCATTACT GCCTTG.ACTA CTGGGGCCAA GGCACCACTC TCACAGTCTC 

CTCAGCCAM ACAACAGCCC CATCGGTCTA TCCACTGGCC CCTGTGTGTG 

GAGATACAAC TGGCTCCTCG GTGACTCTAG GATGCCTGGT CAAGGGTTAT 

TTCCCTGAGC CAGTGACCTT GACCTGGAAC TCTGG.ATCCC TGTCCAGTGG 

TGTGCAC.ACC TTCCCAGCTG TCCTGCAGTC TGACCTCTAC .ACCCTCAGCA 

GCTCAGTGAC TGTAACCTCG AGCACCTGGC CCAGCCAGTC CATCACCTGC 

AATGTGGCCC .ACCCGGCAAG CAGCACCAAG GTGGACAAGA AAATTGAGCC 

CAGAGGGCCC ACAATCAAGC CCTGTCCTCC ATGCAAATGC CCAGCACCTA 

.ACCTCTTGGG TGGACCATCC GTCTTC.ATCT TCCCTCCAM GATCAAGGAT 

GTACTCATGA TCTCCCTGAG CCCCATAGTC ACATGTGTGG TGGTGGATGT 

G.AGCGAGGAT GACCCAGATG T CCAGATCAG CTGGTTTGTG AACAACGTGG 

AAGTACACAC AGCTCAG.ACA CAAACCC.AT.A GAG.AGGATTA CA.ACAGT.ACT 

CTCCGGGTGG TCAGT GCCCT CCC,CATCC.AG CACCAGGACT GG.ATG.AGTGG 

CAAGGAGTTC AAATGCAAGG TCAACAACAA AGACCTCCCA GCGCCCATCG 

AG.AGAACCAT CTCAAAACCC .AAAGGGTCAG TAAGAGCTCC ACAGGTATAT 

GTCTTGCCTC C.ACCAGAAGA AG.AG.ATG.ACT AAGAAACAGG TCACTCTGAC 

CTGCATGGTC ACAGACTTCA TGCCTGAAG.A CATTTACGTG G.AGTGGACCA 

ACA.ACGGGAA AACAGAGCTA AACTACAAG.A ACACTGAACC AGTCCTGG.AC 

TCTGATGGTT CTTACTTCAT GT.ACAGCAAG CTGAGAGTGG AAAAGAAGAA 

CTGGGT GGAA AGAAATAGCT ACT CCTGTTC AGTGGTCCAC GAGGGTCTGC 

ACAATCACC.A CACGACTAAG AGCTTCTCCC GGACT CCGGG TAAATGAGCT 

CAGCACCCAC AAAACTCTCA GGTCCAA.AGA GAC.ACCCACA CTCATCTCCA 

TGCTTCCCTT GTATAAATAA AGCACCCAGC AATGCCTGGG ACCATGTAAA 

1>.A.AAAA.AAAA AA.AGGAATTC 

Fig. 2(a) 
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HEAVY CHAIN PROTEIN SEQUENCE DEDUCED FROM DNA SEQUENCE 

MEBHWIFLLL LSVTAGVHSQ VQLQQSGAEL ARPGASVKMS CKASGYTFTR 

YTMHWVKQRP GQGLEWIGYI NPSRGYTNYN QKFKDKATLT TDKSSSTAYM 

QLS SLTSEDS AVYYCARYYD DHYCLDYWGQ GTTLTVSSAK TTAPSVYPLA 

PVCGDTTGSS VTLGCLVKGY FPEPVTLTWN SGSLSSGVHT FPA\ruQSDLY 

TLSSSVTVTS STWPSQSITC NVAHPASSTJ< VDKKIEPRGP TIKPCPPCKC 

PAPNLLGGPS VFIFPPKIKD VLMISLSPIV TCVVVDVSED DPDVQISWFV 

NNVEVHTAQT QT!lREDYNST LRVVSALPIQ HQDWMSGKEF KCKVNNKDLP 

APIERTISKP KGSVRAPQVY VLP~PEEEMT KKQVTLTCMV TDFMPEDIYV 

EWTNNGKTEL NYKNTEPVLD SDGSYFMYSK LRVEKKNWVE RNSYSCSVVH 

EGLHNHHTTK SFSRTPGK* 

1 

NN N 

Fig. 2(b) 

23 

N 

42 

N N 

RES TYPE 

Oktlvl 
REI 

SBspSPESssBSbSsSssPSPSPsPSsse•s*p*Pi . ISsSe 

QIVLTQSPAIMSASPGEKVTMTCSASS.SVS~QQKSGT 

DIQMTQSPSSLSASVGDRVTITCQASQDIIKYLNWYQQrPGK 

? ? 

RES TYPE 
Okt3vl 

REI 

RES TYPE 

Okt3vl 
REIVl 

••••••• CDRl 
CDR1 

(LOOP) 
(KABAT) *********** 

56 85 

N NN 
*I&iPpieesesssSBEsePsPSBSSEsPspsPsseesSPePb 

SPKRWIYDTSKLASGVPAJFBGSGSGTSYSLTISQMEAEDAAT 
APKLLIYEASNLQAGVPSRFSGSGSGTDXTlTISSLQPEDIAT 

? ?? ? ? 

******* CDR2 (LOOP/KABAT) 

102 108 

PiPIPies**iPIIsPPSPSPSS 

YYCQQWSSNPFTFG~GTKLEIHR 

YYCQQYQSLPYTFGQGTKLQI~R 

****** 

********* 

? ? 

CDRJ {LOOP) 

CRDJ (KABAT) 
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NNN 23 26 32 35 N39 43 

RES TYPE SESPs-sssss-ssssspspsPsPSEbSBssBePiPipiesss 

Okt3h QVQLQQ§GAELA&PGASVKHSCKASGYTFTRYTMHWVKQRPGQ 

KOL QVQLVESGGGyvQPGBSLRLSCltSGFIFSSYAMYWVRQAPGK 

? •. ?? 

****'** CDRl (LOOP) 

***** CDRl (KABAT ) 

52 a 6 0 6 5 N N N 8 2abc ,. 89 

RESTYPE IIei ppp- sssssss s · ps'pSSsbSpseSsSseSp ' ps psSBsss-e Pb 

Okt3vh GLEWIGYINPSRGYTNTNQKFKQKATLTTDKSSSTAYMQLSSLTSEDSAV 

KOL GLEWV~IIWOOGSDQHYADSVKGRFTISRDHSKNTLfLQMDSLRlEDT&V 

? ? ? ? ? 

************ CDR2 (LOOP) 

******'******'***'**** CDR2 (KABAT) 

9 2 N 107 113 

RES TYPE PiPIEissssiiisssbibi*E!P!P•spSBSS 

Okt3vh YYCARYYDDHY ••. . •.. CLDYWGQGTTLTVSS 

KOL YlCARDGGHGFCSSASCFGPDYWGOGTlVTVSS 

***************** CRD3 (KABAT/ LOOP) 

Fig. 4 
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OKT 3 HEAVY CHAIN CDR GRAFTS 

1. gh341 and derivatives 

1 26 35 39 43 

Okt3vh QVQLQQSGAELARPGASVKMScRASGYTFTRYTMHwvKQRPGQ 

gH341 QVQLVESGGGVVQPGRSLRLSCSSSGYTFTRYTNHWVRQAPGK JA178 

gH341A QVQLV~SGGGVVQPGRSLRLS~QAPGK JA185 

gH341E QVQLV~SGGGVVQPGRSLRLSC~SGYTFTRYTKHWVRQAPGK 

gH341* QVQLV~SGGGVVQPGRSLRLSC~SGYTFTRYTMHWVRQAPGK 

gH341* QVQLV~SGGGVVQPGRSLRLS~QAPGK 

gH341D QVQLV~SGGGVVQPGRSLRLSC~QAPGK 

. gH341* QVQLV~SGGGVVQPGRSLRLSC~SGXTFIRXTMHWVRQAPGK 

gH341C QVQLV~SGGGVVQPGRSLRLS~QAPGK 

gHJ 41 * QVQLVQSGGGVVQPGRSLRLSCS£1SGYTITRYTMHWVRQAPGK 

gH3 41* QVQLVESGGGVVQPGRSLRLSCS~QAPGK 

gH3418 QVQLVESGGGVVQPGRSLRLSCSSSGYTFTRYTMHWVRQAPGK 

gHJ 41* QVQLVQSGGGVVQPGRSLRLSCS~QAPGK 

gH341* QVQLVESGGGVVQPGRSLRLSCS~SGYTFTBYTMHWVRQAPGK 

gH341* QVQLV~SGGGVVQPGRSLRLSCS~SGXTfTRYtMHWVRQAPGK 

KOL QVQLVESGGGVVQPGRSLRLSCSSSGFIFSSYAMYWVRQAPGK 

Fig. 5(i) 
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6115 

44 50 65 83 

Okt3vh GLEWIGYINPSRGYTNYNQKFKDKATLTTOKSSSTAYMQLSSLT 

gH34l GLEWVAYINPSRGYTNYNQKFKDRFTI SRDNSKNTLFLQMDSLR JA178 

gH341A GLEWIGYINPSRGYTNYNO~RFTISID~SK~TaFLQMDSLR JA185 

gH341E GLEW~XINPSRGYTNYtiOKVKQRFTISID~SK~TaFLQMOSLR JA198 

gH341* GLEWIGYINPSRGYINYNOKVKQRFTISID~SKNTAFLQMDSLR JA207 

gH341* GLEWIGYINPSRGYTNYNQ~RFTISRONSKNTAFLQMOSLR JA209 

gH3410 GLEW1aXINPSRGYTNXNO~RFTISID~SKNTLFLQMDSLR JA197 

gH34l* GLEWWUIPSRGYTNYHOJSV]SQRFTISRDNSKNTLFLQMDSLR JA199 

gH34lC GLEWVAYINPSRGYINYNOKFKORFTISRDNSKNTLFLQMDSLR JA184 

gH34l* GLEWiaXINPSRGYTNYNOKVKDRFTISID~SK~TAFLQMOSLR JA207 

gH341* GLEWIGYINPSRGYINYNOKVKQRFTISID~SK~TAFLQMDSLR J A205 

gH3 4lB GLEW~YINPSRGYTNXNO~RFTIS!D~SK~TAFLQMDSLR JA183 

gH341* GLEW~XIHPSRGYTNYNOKVKQRFTISIO~SK~TAFLQMDSLR JA204 

gH34 1* GLEW~YINPSRGYTNYNOKv.KQRFTISID~SK~TAFLQMOSLR J A206 

gH341* GLEW~XINPSRGYTNYNQKVlS.QRFTISID_!SSKNTAFLQMDSLR JA2 08 

KOL GLEWVAI IWDDGSDQHYAOSVKGRFTISRDNSKNTLFLQMDSLR 

Fig. S(ii) 
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84 95 102 113 
OktJvh SEDSAVYYCARYYDDHY ... ; ·.: . CLDYWGQGTTLTVSS 

gH341 PEDTGVYFCARYYDDHY . . .•.. ·CLDYWGQGTTLTVSS JA178 
gH341A PEDTaVY~CARYYQDHY . . ...• . CLDYWGQGTTLTVSS JA185 

gH 341E PEDTGVYFCARYXQDHY •.•..•. CLDYWGQGTTLTVSS JA19B 
gH341* PEDTGVYFCARYYDQHY . . ,,, .. CLDYWGQGTTLTVSS JA207 
gH341D PEDTGVYFCARYYQQHY ....... CLQYWGQGTTLTVSS JA197 
qH341* PEDTGVYFCARXIPDHY ..•..•. CLQYWGQGTTLTVSS JA209 
qH341* PEDTGVYFCARYYQQHY ....... CLDYWGQGTTLTVSS JA199 
qH341C PEDTGVYFCARYYDPHY·······CLDYWGQGTTLTVSS JA1B4 

gH341* PEDTaVY!CARXYDDHY ..... . . CLDYWGQGTTLTVSS JA203 

qH341* PEDT~VYXCARYYDDHY ... .•.. CLDYWGQGTTLTVSS JA205 
qH341B PEDT~VY!CARYYDDHY ••..••. CLDYWGQGTTLTVSS JA183 

gH341* PEDTGVYFCARYYQDHY .... . . . CLDYWGQGTTLTVSS JA2 04 

qH341* PEDTGVYFCARXYODHY ..• . • . . CLDYWGQGTTLTVSS JA206 
qH341* PEOTGVYFCARYXPDHY·· · · ···CLDYWGQGTTLTVSS JA208 
KOL PEOTGVYFCAROGGHGFCSSASCFGPDYWGQGTPVTVSS 

Fig. 5 (iii) 
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OKT J LIGHT CHAIN CDR GRAFTING 

1. gL221 and derivatives 

1 24 34 42 

OktJvl QIVLTQSPAIMSASPGEKVTMTCSASS.SVSYMNWYQQKSGT 

gL22l 

gL22lA 

gL22lB 

gL221C 

REI 

DIQMTQSPSSLSASVGDRVTITCSASS.SVSXMNWYQQTPGK 

2I~QSPSSLSASVGDRVT~T~SASS.SVSYMNWYQQTPGK 

2I~QSPSSLSASVGDRVTITCSASS.SVSXMNWYQQTPGK 

DIQMTQSPSSLSASVGDRVTITCSASS.SVSXMNWYQQTPGK 

DIQMTQSPSSLSASVGDRVTITCQASQDIIKYLNWYQQTPGK 

4:3 50 56 85 

OktJvl . SPKRWIYDTSKLASGVPAHFRGSGSGTSYSLTISGMEAEDAAT 

gL221 APKLLIYDTSKUSGVPSRFSGSGSGTDYTFTISSLQPEDIAT 

gL221A APKBHIYPTSK4ASGVPSRFSGSGSGTDYTFTISSLQPEDIAT 

gL221B AP~IYPTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT 

gL221C APKR_EIYQTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT 

REI APKLLIYEASNLQAGVPSRFSGSGSGTDYTFTISSLQPEDIAT 

86 91 96 1 08 

OktJVl YYCQQWSSNPFTFGSGTKLEINR 

gL221 YYCOOWSSNPFTFGQGTKLQITR 

gL221A YYCQQWSSNPFTFGQGTKLQITR 

gL221B YYCQQWSSNPFTFGQGTKLQITR 

gL221C YYCQQWSSNPFTFGQGTKLQITR 

REI YYCQQYQSLPYTFGQGTKLQITR 

CDR'S ARE UNDERLINED 

FRAMEWORK RESIDlTES INCLUDED I N THE GENE ARE DOUBLE 

UNDERLINED 

Fig. 6 
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OKT3 - GRAFTED HEAVY CHAINS 
BINDING ASSAY 

(Mean Channel- HPBALL's) 
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14\ X 144 A 
221C X 185 8 
221C X 199 C 
22\C X 204 D 

221C X 205 E 
221C X 207 F 
221C X 208 G 
2Z1C X 209 H 
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(Mean Channel- HPBALL's) 
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E 221C X 185 B 
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G 221C X 204 D 
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~,C, 
---o-- 221C X 207 F 

,H • 22\C X 208 G 
6-- 221C X 209 H 

100 150 200 250 
ANTIBODY (ng/lubel 

(205) _, __ ,24.48.49,71 .73 .76 ,78.88.91. 

(208) 6, __ ,24,48,49 ,71 '73 ·-- ,78 ·--·--· 
(204) 6, __ ,2 4.48. 49.71, 73.76. 78, __ , __ , 

( 199 ) 6,23' 24.48,49 ·--·--·----·--·- -· 
(207) 6.23. 24 . 48,49, 71.73 ·-- . 78 ·--·--· 
(185) 6,23,24,48.49.71,73,76.78,88,91' 

(209) 6,23 , 24 ,48,49, __ , __ , __ ,78 ·--·--· 

141 X 144 
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TRANSMITIAL LEITER TO THE UNITED STATES 
OESIGNATEO/ELECTEO OFFICE (OO!EOIUS) 

CARP- 0009 

App~cant hervwhh submits to th• United States Designated' Eladed Ofllc• (D<l'EOIUS) the lollowfng hems unde r 35 U.S.C. 371: 

1.0 Thi$ u prus r..quest to immediately bogin natlooai examination procedures (JSU.S.C. J71(m . 

2.e1 The U.S. National F .. (JS U.S.C. J71(c)(1 )) and other ,_, u 1onow,; 

CLAIMS (I) FOR (2) NUMBER FILED (3) NUMBER EXTRA (4) RAT E 

X$ ' 20.00 S 

X$ fiO. OO 

+$ . 200.00 

BASIC NATIONAL FEE (37 CFA t .492(a)(1}-(4)): 

0 ln1ernaUonal preliminary examination fee paid to USPTO (37 CFR 1 A82) 
........................................................................................................................... : .. S J JO 

0 No lntemaUonnl preliminary examination fee paid to USPTO (37 CFA 1.482) 
but International search lee paid lo USPTO (37 CFA 1.445 (o)(2)) 
...................................................................... ........................................................ s 370 

0 Nellhor lntomat!onal preliminary axamlnatlon fee {37 CFR 1A82) nor · 
International search fee (37 CFR 1.445(a)(2)) paid to USPTO ...... - .............. S 500 

0 International preliminary u.aminatlon fee paid to USPTO (37 CFR 1 A82) 
and all claims satisfied provisions ol PCT Article 33(2} to (4)..................... S 50 

(5) CALCULA nONS 

Surcharge of ~l 20 for tumlshlrlg the National IH or oath or declnrollon later than 
Gf2o 030 mos. from the earliest cla lrmtd prlorHydatt (37 CFR 1.492( e ) ) . $120 . 00 

TOTAL OF ABOVE CALCULATlONS -$120 . 00 

$60 . 00 

SUBTOTAL +$60.00 

TOTAL NATIONAL FEE $ 60 .00 

+ 

TOTAL FEES ENCLOSED $ 60 · 00 

a. t9 A dledl ln tho 3mount al S 60 . 00 to c:ovee the above f..s ls enclosed. 
b. 0 Plea3e cha.fl1e my Deposit Aocovnt No. In tha aiT'OUill al S to cavar tha 

above lou . A dupHcala copy of lhlsa~eRI lunclosoo. 
c. 0 Tht Commissioner I• hoteby ata~ ~~~fVe any addlllon•l f_, wl'lch may b. reqt.(r..:l, or etedlt any 

overpayment to ~ Aoc:ount No. :> • A dupftc~ copy al 'Hsatt.ot lunclos8d. 

10/16/91li!060 %-ttu: ..,b- Gvi .l;* ~$;~RESS 0 i BS' ( o t 7 7 
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3. A copy ol the International Application as liled (35 U.S.C. 371 (c)(2)) 

J.o\TTOIW€Y-s OQCI(£1' M!IAIIER 
CA~-0009 

a. 0 is Uansmitted herew~h (required only if not transmitted by the International Bureau). 
b. 0 is not required, as the application was tiled in the United Stales Receiving Office (ROIUS). 
c. 0 has been transmitted by lhe International Bureau. 

4. 0 A translation of the International Application into English (35 U.S.C. 371 (c)(2)}. 
5. Amendments to the claims of the International Application under PCT Art ide 19 (35 U.S.C. 371 (c)(3)) 

a. 0 are transmitted herewith (required only if not transmitted by tho International Bureau). 
b. 0 have been transmitted by the International Bureau. 

6. 0 A translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371 (c){3)). 
7. I!S An oath or declaration ol the inventor (35 U.S.C. 371(c)(4)). 
8. 0 A translation ot the Annexes to the International Preliminary Examination Report under PCT Article 

36(35 U.S. C. J71(e){5)). 
OCher document(s) or inlormation included: 

9. 0 An Information Disclosure Statement under37 CFR 1.97 and 1.98. 
10. 0 An assignment document lor recording. 

Please mail the recorded assignment document to: 
a. 0 the person whose signature. name & address appears at the bottom or this page. 
b. 0 the following: 

11. The above ched<ed items are being transmitted 
a . 0 before tho 18th month publication. 
b. 0 aher publication and the Article 20 communication but before 20 months from the priority dato. 
c. KJ aher20 months but before 22 months (surcharge andlorpr()C(Jssing lee included). 
d. 0 aher 22 months (surcharge and/or processing fee included). 

Note: Petition to revive (37 CFR 1.137(a) or (b)) Is necassary ~ 35 U.S. C. 371 requirements 
submitted aher 22 months and no prop9r demand for International Preliminary Examination was 
made by r 9 months from the earliest claimed priority data. 

e. 0 by 30 months and a proper demand for International Pteliminary Examination was made by the 
19th month from the earliest claimed priority date; 

I . 0 after 30 months but before 32 months and a proper demand for International Preliminary Examination 
was made by the 19th month from the earliest claimed priority dale (surcharge and/or procassing 
fee included). 

g. 0 after 32 months (surcharge and/or processing tee lnciuded). 
Nota: Petition to revive (37 CFA 1.137(a) or (b)) is necessary~ JS U.S.C. 371 requirements 
submitted aher 32 months end a proper domand for International Preliminary Examination was 
made by 19 months from I he earliest claimed priority date. 

12. AI the time of transminal, the time limit lor amending claims under Article 19 
a. 0 has e)(pired and no amendments were made. 
b. 0 has not yel expired. 

1 J. 0 Certain requiromanls under 35 U.S.C. 371 were previously submitted by the applicant 
on , namely: 

dale 
14. Sul:rnission of Verified Statement Claiming Snall Entity Status and 

Request for Reftmd · 

Francis A. Paintin 

W:x:x:lcock Washburn Kurtz Mackiewicz & Norris 

AOORESS One Liberty Place - 46th Floor 

f!'!"'Pl~llllOI~~a7) ........ 
f1Jq H._,-
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DOCKET NO. : O.RP-0009 PATENT 

COMBINED DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are 
as s tated below next to my name; and 

I verily believe that I am the original, first and sole 
i nve ntor (if only one name is listed below) or an original, firs t 
and joint inventor (if plural names are listed below) of the 
subject matter which is cla imed and for which a patent is sought 
on the invention entitled:~~~~~SED~~~~~~IES~·~------------------
____________________________ the specification of which: 

is attached hereto. 

../ was filed on 21 December 1990 as 
Internati onal Application Serial No. PCr/GB90/ 

020
ffd was amended 

on 
(if applicable) 

I hereby state that I have reviewed and understand the 
contents of the above identif ied specificat i on, including the 
c lai ms, as amended by any amendment referred to above. 

I acknowledge the duty to disclose i nformation which 
is materi al to the examination of this application in accordance 
with 37 CFR S 1. 56(a ) . 

I hereby claim foreign priority benefits unde r 35 
u.s.c. S 119 of any foreign application(s) for patent or 
inventor's certificate listed below and have also i denti f ied 
below any foreign application for patent or inventor's 
certificate having a f iling date before that of any application 
on which priority is claimed: 

country Number Date Filed Priority Claimed 

_l.!.u·K~.'------ 8928874.0 21 .12.89 

PT0-19 
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I hereby claim the benefit under 35 U.S.C. § 120 of any 
United States application(s) listed below and, insofar as the 
subject matter of each of the claims of this application is not 
disclosed in the prior United States application in the manner 
provided by the first paragraph of 35 U.S.C. § 112, I acknowledge 
the duty to disclose material information as defined in 37 CFR 
§ 1.56(a} which occurred between the fil i ng date of the prior 
application and the national or PCT international filing date of 
this application: 

Application serial No. Filinq Date Status (patented, 
pendinq) 

agent(s) 
business 

I hereby appoint the following attorney(s} and/or 
to prosecute this application and to transact all 

in the Patent and ~radema~k .Office connected therewith: 
FranCl.S A. Pallltl.n 

Registration Nos. 19 386 
of the firm of WOODCOCK WASHBURN KURTZ MACKIEWICZ l NORRIS, One 
Liberty Place- 46th Floor, Philadelphia, Pennsylvania 19103, and 

Address all telephone calls and correspondence .to: 
Francis A. Paintin 

.OODCOCK WASHBURN KURTZ MACKIEWICZ . & NORRIS 
One Liberty Place - 46th Floor 
Rhiladelphia~ PA 19103 
Telephone No. 215-568-3100. 

I hereby declare that all statements made herein of my 
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 punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 

PT0-19 - 2 -
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united states Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon . 

Full Name Inventor's Signature Date 
)(, .JOHN ROBER!' ADAIR ~~ /!.u ~~- U tv-.. 15 )'3 /91 

Residence 23 George Road, Stokenchurch?l citizenship U.K. 
1 High Wycnnbe, .Buckingh.ansh:ire HP14 3RN, U.K. 6 BY 

Post Office Address 
23 George Road, Stokenchurch, High Wyccolbe Buck. "r ' HP1 4 3RN, U.K. , /"\ ~i A 

Full Name 1t~ ~ -~-~ ' Dai;e/ c 0 DII..JEEI' SnuJ ATHWAL · . e !?' ori~- rort 9l \ I· I URi II -.....; I 

Residence Flat 35, Knollys House, I J ,. Citl zenship J 
U.K. 

2 Tavis tock Square , _!Cndon ~1, U.K. rS;, ,y 
Post Office Address 

Fl a t 35, Knollys House, Tavistock Square , IDndon ~1, U.K. 

Full Name 
I ve~;~ s~e Date 

tJ JOBN ~ EMr1IGE J ~ u- lJ;:;;:- t3/ ~f~ I -
Residence 49 Tellple Mill Is land, Temple j Ci ti zftSbip U.K. 

3 Marlow, Buck..inghamshire , SL7 19J, U. K. ~8X 

Post Office Address 
49 'l'eo{>le Mill Island, Te:nple , Marlow, .Buckinghamshir e SL7 lSQ, U.K. 

Full Name Inventor's Signature Date 

Residence citizenship 
4 

Post Office Address 

Full Name Inventor's signature Date 

Residence Citizenship 
5 

Post Office Address 

PT0-19 - 3 -
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DOC~~T HO.: CARP•OOO~ PATIJNT 

IN ~BB UNITED STATES PATtN~ AND T~OEMARK OPPICE 

In re application of: 

John R. Adai~ et al. 

Serial No.: 0717•3,~~9 

Filed: August 16, 1~91 

Group No.: 1807 

Examiner: L. Benn&tt 

For: BUMANISED ANTIBODIES 

commissioner of Patents & ~ademarks 
~ashington, oc Z02Jl 

Sir: . 

. RaS~ONSE TO OFFICE ACTION 

This is in response to the Office Acti on of November 

~a, l992 1 tbe ti~e for a response to which ie set to expire on 

January 18, 1993. January 18, 1993 is a Federal Holiday in the 

District of Colulllbia. (observance of Martin Luther King, Jr.'s. 

birthday). This response is timely filed under 37 CFR §1.7 since 

it is filed on January 19, 1993, the next aucceeding day that ie 

not a Saturday, sunday or Federal Holiday wi thin the District of 

Columbia. Please amend the above-identi fied patent applic~tion 

as follows. 

In the claim~: 

~~ antibody produot] 

·) 

A process for producing [a COR-grafted 
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(a) . producing in an expression vector an operon having 

a DNA ~ nee which encodes a heavy chain according to (Claim 1] 

(andjor] 

expression vector an operon having 

a DNA 

according to Claim [6] !a 

a co~plementary light chain 

laim (8] .4.1; 

(c) transfecting a ho cell with the [or each vector) 

form a transfected 

and 

(~) culturing (the) ~ transfect d cell [line) to 

produce (the CDR•gra!ted antibody product] ~s~~~~~~~~~ 

claims 1-20, 22 an~ 23 without prejudice· 

and substitute therefor the following new claims. 

24. An antigen-binding molecule having affinity for a 

predeter ned antigen, comprising a heavy ohain and a 

light chain, said heavy chain having a variable 

framework regions from an acceptor antibody 

heavy chain and ant en binaing regions from the heavy chain of a 

donor antibody which ha affinity for said predetermined antigen, 

wherein amino acid residue 23, 24, 31 to 35. 49 to 58 and 95 to 
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~ 
10 · according to the Kabat numbering system, of said heavy chain 

are 

in the 

antibody residues. 

25. Tha antigen binding molecule of claim 24 wherein 

73 and 7B, according to the Kabat numbering system, 

chain are additionally donor antibody residues. 

Tbe antigen-binding molecule of claim 24, wherein 

residues according to tha K~bat n~mperinq sy$tem, in 

the heavy re a~ditionally donor antibOdy residues. 

27. The antiqen•binding molecule of claim 25, wherein 

residues 26 to 30, a cording to the Kabat numPering system, in 

the heavy chain are ad itionally donor antibody residues. 

28, The antig n-binding molecule of claim 24, wherein 

residues 59 to 65, accordi 9 t o the Kabat numbering system, in 

the heavy chain are addition lly donor antibody residues. 

29. The antigen-bin ing molecule of claim 25, wherein 

residues 59 to 65 1 according to e Kabat numbering system, in 

the heavy chain are additionally d or antibody residues. 

30. The antigen-binding 

residues 2, 4, 6, 25, 36, 37, 39, 47, 93, 94, 103, 104, lOo 

and 107, according to the Kabat numberin in the heavy 

chain are additionally donor antibody resi ues. 

31. The antigen-binding molecule olaim 25, wherein 

residues 2, 4, 6 1 25, 36 1 37, 39, 47, 48, 93, 4, 103, 104, 106 

- 3 -
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nd 107, acoordinq to the Kabat numberinq aystem, in the heavy 

in are additionally donor antibody residues. 

32. The antigen-binding molecule of claim 30, wherein, 

accor~ nq to the Kabat numberinq system, if residue 48 in the 

donor an ibody heavy chain is different from residue 48 in the 

acceptor a !body heavy chain, then res i due 69 in the heavy chain 

is additional donor antibody residue. 

JJ. e a ntiqen-bindinq molecule of claim 31, wherein, 

according to the bat numbering system, if residue 48 in the 

donor antibody hea 

acceptor antibody 

is additionally a 

chain is different from residue 46 in the 

chain, then residue 69 in the heavy chain 

34. of claim 3 0 , wherein 

re3idues 38 and 46, to the Kabat numbering system, in 

the heavy chain are additiona y donor antibody residues. 

35. The antiqen-bind molecule of claim 31, wherein 

~~sidues 38 and 4 61 according to a Kabat numbering system, in 

the heavy chain are additionally antibody residues. 

36. The antigen-binding moi cule of claim 32 1 wherein 

residues 20 and 80, according to the Ka t numbering syst em, i l"! 

the heavy ohain are additionally donor ant'body res i dues. 

37. The antigen-binding molecule claim 33, wherein 

residues 20 and 80, according to the Kabat num erinq system, in 

the heavy chain are donor antibody residues. 

- 4 -
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The antigen-binding molecule of claim 30, wherein 

67 and 82, according to the Kabat numbering system, 

chain are donor antibody residues. 

39. The antigen-binding molecule of claim 31, wherein 

residues 67 and 82, according to the Kabat numbering system, 

in the chain are donor antibody residues. 

40. The antigen-binding molecule of claim 30 1 wherein 

residues 1, 3, 9, 11, 41, 72, 76, 87 1 88, 91, 109, 110 and 112, 

according to the Ka at numbering system, in the heavy chain are 

donor antibody residu s. 

41. The anti en-binding molecule of claim 31, whsrein 

residues 1, 3 1 9 1 11, 41, 72 1 76 1 87 1 es, 91, lOS, 110 and 112, 

according to the Kabat numb ing system, in the heavy chain are 

donor antibody residues. 

42. An antigen-bindin molecule having affinity for a 

predetermined antigen, comprising light chain and a 

complementary heavy chain, the light chain having a variable 

domain comprising framework regions fr an acceptor antibody 

light chain and antigen binding regions ~om the light chain of a 

donor antibody which has affinity for said\predetermined antigen, 

wherein amino acid residues 24 to 34 1 46, 4~0 to 56, 58, 71 

and 89 to 97, accordin9 to the Kabat numberin9 ~tern, are donor 

antibody residues. \\ 

- 5 .. 
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43. The antigen-binding molecule of claim 42, wherein 

r sidues 2, 4, 6, 35, 38, 44, 47, 49, 64 to 69, 85, 87, 98, 99, 

101 and 102, according to the Kabat numbering syste~. in the 

hQavy hai~ are donor antibOdy ~esidues. 

44. The antigen-binding molecule of claim 42, wherein, 

according o the Kabat numbering system, if residue 60 in the 

light chain an !orm a salt bridge with residue 54 in the light 

chain, then re 'due 60 in the light chain is a donor antibody 

residue. 

45. The 

aeeording 

tigen-binding molecule of claim 42, wherein, 

numbering syatem, if residue 70 in the 

light chain can form a 

chain, then residue 70 

lt bridge with residue 24 in the light 

he light chain is a donor antibody 

residue. 

46. The antigen-bi ing molecule of claim 43 1 wherein, 

according to the Kabat numberin system, residues 21 and 73 in 

the light chain are additionally nor antibody residuQs, 

47. The antigen-binding lecule of claim 4J, wherein, 

according to the Kabat numbering syste , residues 37 and 45 in 

the light chain are additionally donor 

4B. The antiqen-bindinq or cl~im 43 1 wherein 

residues 1, ~, 10, 12, 40, 63, so, 10~ and 

Kabat numbering system, in the lig~t chain are 

antibody residues. 

- 6 -
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49. An antiqen-bindinq molecule having affinity for a 

pr determined antigen, comprising a heavy chain and a 

cornp ementary light chain: 

~he heavy chain having a variable dom~in comprising 

framewor regions f~om an acceptor antibody heavy chain and 

antigen bin inq region~ from the heavy chain of a donor antibody 

which has af 'nlty for ~~id pr$dQtermined antigen, whe~ein amino 

acid residues 2 , 24 1 31 to JS, 49 to 58 and 95 to 102, 

accordingly to th Kabat numbering system1 are donor antibody 

residues; and 

the complem tary light chain having a variable domain 

compri sing framework re ions from an acceptor antibody light 

from said donor antibody light 

chain whersin amino acid re idueB 24 to 34, 46, 48, 50 to 56, 58, 

71 and 89 to 97 according to he Kabat numbering system are donor 

antibody residues. 

5o. The antiqen-bindin 

residues 71, 73 1 78 and 95 to 102, 

numbering system, of 

antibody residues. 

molecule of claim 49 wherein 

ccording to the Kabat 

are additionally donor 

51. Th~ antigen-binding molec le of claim 49 or claim 

50, which is a site specific antibody mole ule. 

52. The antigen-binding molecule f clairn•49 or clai~ 

so, which has specificity for an antigen selec ed from th~ gr~~p 

- 7 -
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interleukins , hormones, biologically active 

and receptors therefor. 

t'. 1 ~ 

53. A DNA molecule which encodes an antigen-binding 

nole le heavy ohain having a var iablQ domain comprising 

regions from the heavy chai n of a donor antibody which 

for said predetermined anti qen wherein amino acid 

24, 31 to 35, 49 tQ ~8 and 95 to lOa Qf said heavy 

chain, accord to the Kabat numbering system, are donor 

antibody 

54. DNA molecule of claim 53 wherein residues 71, 

73 and 78, accordin to the Kabat numberi ng system, of said heavy 

chain are additional! donor ant ibody residues . 

ss . A DNA mo ecule which encodes an antigen-binding 

molecule light chain havi a va~iable domain ~Qmprising 

franework regions !rom an a ceptor antibody l i ght chain and 

antigen binding regi ons f rom he l i ght chain of an antibody 

havi ng affinity ~herein ~ino a c id 

r esidues 24 to 34, 46, 71 and 89 to 97 1 

according to the Kabat numberinq of said light are donor 

antibody residues. 

56. A cloning vector compris ng a DNA molecule 

according to claims 53, 54 or 55. 

57. An expression vector compris ' ng a DNA molecul e 

accordinq to claims 5J , 54 or 55. 

- 9 -
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58. A host cell transformed with a DNA molecule 

a oordinq to claims SJ, 54 or 55. 

59. A ther~peutic composition comprising a 

PATENT 

thera eutically effective amount of an antig~~-pinding molec~le 

accordi to claimP 24, 25 or 42 in combination with a 

pharmaeeut eally acceptable carrier. 

60. A therapeutic composition comprisinq a 

therapeuticall effective amount of an antigen-binding molecule 

according to cla1 49 or claim so in combination with a 
pharmaceutically ac eptable carrier, 

61. A dia ostic composition comprising a 

diaqnostically effectiv amount of an antigen-binding molecule 

according to claims 24, 

diagnostically acceptable c 

combination with a 

62. A diagnostic o position comprising a 

diagnostically effective amount f an antigen-binding molecule 

according to claim 49 or claim so 'n combination with a 

diagnostically acceptable carrier. 

63. A method of therapy com rising administering to a 

human or animal subject an antiqen-bindi 9 molecule according to 

claims 24, 25 or 42. 

64. A method of diagnoaio compri ing administering to 

a human or animal subject a composition accord ~ to claims 24, 

25 or 42. 

- 9 -
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65. A method tor producing an anti gen-binding molecule 

ha ing affinity for a prede termined antigen comprising the steps 

of: 

donor 

31 to 

syst em 

(l) providing D heavy chain for an antigen-binding 

said heavy chain havinq acceptor framework regi ons and 

n binding regions wherein amino acid residues 23, 24, 

o 58 and 95 to 102 according t o the Kabat numberin9 

residues; 

(2) t he heavy chain of step (1) with a 

c ompl ementary light hain to form an antigen-binding molecule; 

(3) dotermin ng the affinity of the antigen-binding 

molecule formed in step 2) for said predetermined antigen; 

(4) if the affin ty determined in step (3) iG not 

~q1.1ivnlent to r antibody, providing a heavy chain 

as described in atep (1 ) in whi h amino acid residues 71, 73 and 

78, according to the Kabat number ' ng system, are addit i onally 

donor antibody residues; 

(5) associating the heavy cH in of step (4) with a 

complementary light chain to form an ant gen-bi nding molecule; 

(6) de termining the affinity of he antigen-binding 

molecule formed in step (5 ) for said predate ined antigen; 

(7) if the affinity determined in st (6) ia not 

equivalent to that of the donor antibody, provid 

ae deeoribed in step (4) in Which amino acid 

- 10 -
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according to the Kabat numbering system, are additionally donor 

residues; 

(8) associating the heavy chain of step (7) with a 

co~pl m~ntary ll~ht chain to form •n •ntigen- binding moleaule; 

(9) determining the affinity of the antigen-binding 

molecule rm&d in step (8) for said predetermined antigen; 

(1 ) if the affinity determined in step (9 ) is not 

equivalent to at of the donor antibody, providi ng a heavy chain 

as described in ep (7) in which amino aoid residues 59 to 65, 

accor ding to the at numbering system, are additionally donor 

antibody resi dues 1 

nq the heavy chain of step (10 ) with a 

complementary light chain to for m an antigen-binding molecule; 

(1~) determining e affinity of the antigen-binding 

molecule formed in step (11) r said predetermi ned anti gen; 

(13 ) if the atfinity termined in step ( 12 ) is not 

equivalent to that of the donor a ibody 1 providing a heavy chain 

as described in step {10) in which a 1no acid residues 2, 4 , 6, 

25, 36, 37, 39 1 47, 48, 93, 94 , 103 , l 4, 106 and 107, according 

to the Kabat numbering system, are addi~ ona lly donor antibo~y 

r esidues; and 

(14) associating the heavy chain p duced i n step (13) 

with a complementary light chain to f orm an an gen-bindinq 

molecule. 
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66. A method for producing an antlqen-bindlng molecule 

affinity !or a predetermined antigen compr ising the steps 

(1) p~cvi4ing A light ahain for an antigen-binding 

moleou e, said light chain having acceptor framework regions and 

gen binding regions wherein amino aoia residues 24 to 

34, 46, 4B, 50 to 56 1 58, 71 and 89 to 97 according to the Kabat 

numbering are donor antibody residues; 

ociating tha l ight chain of step (1) with a 

complementary hea chain to form an antigen-binding molecule1 

(3 ) determ ning the a f finity of the antigen-binding 

molecule formed in ste (2 ) for said predetermined antigen; 

(4 ) if the a f f i ty determined in step (3) is not 

equivalent to that of the nor antibo4y, providing a light chain 

as doscribed in icb amino acid residues 2, 4, 6, 

3~, 38, 44, 47, 49, 64 to 69, 8 87, 98, 99, 101 and 102, 

according to the Kabat numbering stem, are additionally donor 

antibody r esidues; 

(5) ass ociating the light ch in of step (4) with a 

oomplamentary heavy chain to form an ant ' gen-binding molecule; 

(6) dQtQrmining the af fini t y of he antigenMbinding 

molecule formed in step (5 ) for said prede t e .ined antigen; 

(7) if the affinity determined in st (6) is not 

equivalent to that ot the donor antibody, providi ~ a light chain 

\ 
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~~.described in step (4) in which amino acid residues 21, 37, 45, 

60, O and 73, accordingly to the Kabat numbering system, are 

additi ally donor antibody residues; 

8) associating the liqht ~hA1n of st~p (7) with a 

complement a heavy chain to form an antigen-binding molecule; 

(9) d ermininq the affinity of the antigen-binding 

molecule formed in tep (B) for said predete~mined antigen; 

(10) if th~ ffinity determined in step (9) is not 

equivalent to that of th providing a light chain 

as described in step (7) hich amino acid residues 1, 3, 10, 

12, 40, 63, ao, 103 and 105, Kabat nu~berinq system, 

are additionally donor antibody r sidues; and 

(11) associating the ligh chain of step (10) with a 

complementary heavy chain to form an igen-bindinq molecule. 

REMARKS 

The Office Action of November 18, 1992 has been 

carefully conside~ed and this response prepared. Claims 1-20, 22 

and 23 have been cancelled without prejudice and replaced with 

new claims 24-66. Claim 21 has been amended to more clearly 

poin~ out aspects of the claimed method. Support for the newly 

submitted claims can be found throughout the specification, 

particularly at pages 17 and 18 1 page 19 1 line 23, page 41 1 Table 

1 (each relating to the heavy chain), pages 17-19 (relatin9 to 
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the light chain) 1 and pages 17-23 (relating to methods !or 

production of antigen-binding molecules). 

At paragraph 15 of th~ O!!ice Action, the Examiner 

objected to the disclosure, stating that various words in the 

specification are misspelled. 

It is respectfully submitted that the spellings 

1'. ftj 

referred to by the Examiner are not incorrect. The use of an "s:'' 

instead of a 11 Z11 in such words as "recognise" is acceptable 

English spelling. In fact, the use of "s" is the original 

English spelling and the use of "Z" has only more recently been 

recognized as being acceptable, In this respect, the Examiner is 

referred to the enclosed page from Chambers 20th century 

Dictionary (1973 Edition) whioh illustrates this point. 

Therefore, no amendments have been made. Withdrawal of this 

objection to the specification is respectfully requested. 

At paragraph 16 of the Office Action, the Examiner 

objected to claims 5, 11-16, 22 and 23 under 37 CFR Sl.7S(c) as 

being in improper form because a multiple dependent claims cannot 

depend from any other multiple dependent claim. 

Claims 5, 11-16, 22 and 23 have b&Qn cancelled without 

prejudice and substituted with new claims having proper dependent 

form. Withdrawal of this objection to the specification is 

respectfully requested. 
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At paraqraph 17 of the Office Action, the Examiner 

objected to claims l-23 stating that the term "CDR-grafted•• is 

improper because abbreviations and acronyms are not appropriate 

in claim lanquage. 

The term CDR•grarted has been deleted from the clai ms. · 

Withdrawal of this objection to the claims is respectfully 

requested. 

At paragraph 18 of the Office Action, the Examiner 

rejected claims 1-12 under 35 USC SlOl. This rejection is 

divided into four parte which will be answered separately. 

In Part A of this section 101 rejection, claims l-12 

were rejected as being inoperative and thus lacking utility. It 

was stated that the claims are drawn to single heavy or light 

chains and that there i~ no evid$nea in the specification 

indicating that heavy and light chai ns alone have activity. 

Applicants resp$ctf ul ly traverse this rejection . 

It i s respectfully submitted that there is no reason to 

show that the isolated antibody heavy and li9ht chains of the 

present invention have utility in bindinq to antiqen. As the 

Examiner has correctly pointed out, the assembled antibodies of 

the invention have been shown to be able to bind t o antigen. 

What has also been s hown is that the isolated heavy and light 

chains have utility in that they can be used to form the antigen

binding antibody, Thus, the isolated chains have patentabl e 
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utility as intermediates for use in COR-qrafted antibodies. 

There is no requirement that the claimed invention be the 

ultimate ' product. 

PATENT 

Nonethele5s 1 in order to reduce the number of issues to 

be dealt with, claims 1·12 have been cancelled without prejudice 

and new claims have been submitted that are drawn to ant i body

binding moleoules having heavy ~nd liqht ohaine. However , the 

Applicants reserve the right to file a diviGional application 

relating to the isolated chains. 

In Part B of this section 101 rejection, claim 17 was 

rejected as beinq drawn to non•statutory subject matter. The 

Examiner stated that claim 17 is drawn to a DNA sequence coding 

for a CDR-grafted heavy of light chain, but that 11 DNA sequences11 

are not patentable because they are alqorithms. The Examiner 

suggested amending the claims t o recite "DNA molecule" instead of 

110NA sequence". 

Applicants respectfully traverse this rejection. An 

algorithm is a procedure for solving a given type of mathematical 

problem. DNA sequences are chemical compounds. Thus the 

prohibition of section 101 against granting patents on 

mathematical algorithms does not apply to DNA sequences. 

Applicants respectfully submit that the term DNA 

sequence is proper claim language. This language appears in the 

claims of issued patents as well as the rules issued by the. 
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P&tent and Trademark O!!ice tor appl icat ions containing nucleic 

aci d andjor amino acid sequences {see 37 CFR SSl.B21- 1.825 ) . 

In order to advance prosecution of this app lication, however, th~ 

term 11DNA molecule11 baa been substituted f or "DNA s equence" in 

the claims. 

In part C of this section 101 rejection, the Examiner 

rejected claims 22-23 as inoperative and therefor lacking 

utility. The Examiner stated that the specification fails to 

establish the utility of the claim method nnd pharmaceutical 

composition usinq a CDR-grafted antibody in humans or any other 

animal. The Examiner further stated that the specification does 

not present any in vivo or in vitro data to support the claims, 

and that pharmaceutical therapy wi th res haped monoclonal 

antibodies is unpredictable in the absence of in vivo clinical 

data. 

Appl icants respectful l y traverse thi s rej ection. The 

Examiner asserts that because the appl i oation does not contai n 

any in vivo data, it is not possible !or a person of ordinary 

skill in the art to use the humanized antibodies shown in the 

applic~tion in human therapy and d i a gnosis in v i vo . It is 

submi tted that at the priority date or the application a person 

of ordinary skill, having read the application, would have had 

every re~son to expect that a humanized antibody, for instance 
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one directed aqainst the CD3 antiqen, would be useful 

diagnostically or therapeutically in vivo. 

PATEH'l' · 

For any antibody to be useful in vivo in therapy or 

diagnosis, there are two main factors to consider. The firat i~ 

the affinity of the antibody for the antigen. The second is tha 

bioavailability of the antibody after administration. As regards 

the affinity, clearly the antibody would be of no use if its 

affinity were so low that it did not bind to the antigen, however 

much of the antibody was available to be bound. similarly, if 

the antibody can never reach the antiqen, fo~ instance because it 

is degraded too fast, it will be of no usa, however strongly it 

binds to the antigen. 

In the present case, it is clearly shown that the 

humanized antibodies according to the invention have equivalent 

binding affinity to that of the prototype murine antibody such as 

OKT3, OKT4, 61E71 or B72.3. It is therefore plain to anyone with 

reasonable knowledge in thts field that, if the numanized 

antibody can reach its site ot action, it will be able to bind 

effectively to the appropriate antigen. The in vitro data given 

in the application clearly show that the humanized antibody would 

be expected to be equally eftectivA as tha prototype antibody 

once it reaches the relevant site. 

As to bioavailability1 it is plain to anyone with 

reasonable knowledge of the art that the humanized antibodies of 
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the present invention are predomi nantly human in appearance to 

the human immune system, The only part which may appear foreign 

is the antigen binding site. However, in this respeot, the 

humanized antibody !& no different from a natural human antibody. 

The antigen binding site in a natur~l human antibody is also, 

eventually, regarded as being foreign and the body mounts an 

immune response against it. This is called an anti- i diotype 

response and may be involved in the regulation of the i~une 

system, 

In view of the close, overall similarity between the 

humanized antibod i es of the present invention and a natural human 

antibody, anyone with reasonable knowledge in the field would 

expect that the humanized antibody would have about the same 

bioavailability as a normal human antibody. The knowledgeable 

person would therefore expect that the humanized antibody would 

have very good bioavailability. 

The skilled person would certainly expect that the 

humanized antibody would have better bioavailability than the 

prototype murine antibody. The prototype antibody is entirely of 

mouse origin and would therefore be regarded as being for~ign by 

a human i mmune system. The human immune system woul d therefore 
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set up a response aqain5t the murine antibody which would lead to 

its more rapid clearance from the body. 

The knowledgeable person ~ould therefore have expected 

the humanized antibody of the present invention to have qood 

bioavailability and ~auld have seen from the in vitro data in the 

appli cation that it has acceptable affinity. There would 

therefore have been every reason to expect that the humanized 

antibody would have good therapeutic and diagnostic uses in vivo. 

The skilled person would certainly have known that 

OXT3, even though it is a totally murine antibody, is a highly 

effective therapeutic agent , es pec ially in the treatment of acute 

orqan t ransplant rejection episodes. This is very wel l 

documented in the prior art. on the basis of the data qiven in 

the present application , it would be expected that the humanized 

antibody could be used in the same way as is OKt3 to treat the 

same conditions. 

The skilled person woul~ also have known that OKT4, 

61E71 and 872.3 1 while not approved for general use, have been 

used therapeutically and diagnosticallY in certai n l i mited 

circumstances, demons~rating their utility. It would again be 

expected that this same utility could be demonstrated by t he 

humanized VQrsions of these murine antibodi es. 

The knowledgeable person woul~ not nead any data 

correlating the in vitro activity with i n vivo use to come to 
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this conclusion. There is nothing in the art which would lead 

him in any way to expect that tho in vitro data d i d not qive a 

reasonable basis for a confident prediction of in vivo utility. 

certainly, the Applicants are not aware of any studies which show 

that in vitro results with antibodia£ cannot be extrapolated to 

in vlvo results. 

The Examiner raises various possible reasons why tha 

humanized antibodies might not work. However, the Examiner has 

provided no documentary evidence to support these s uggestions. 

In the absence of such documentary evidQnoe , it is rQspectfully 

submitted that these reasons represent no more than speculation. 

In any event, the speculations are unfounded. As to (1), there 

is no reason why a humanized antibody should be any more subject 

to proteolytic degradation than the murine prototype antibodi es 

or normal human antibodies. Both murine and normal human 

~ntibodies are subjected to such degradation in the human body, 

in order to clear unwanted antibodies from the system. However , 

since the rate of c learance is 9enerally of the order of a weak 

or two, such degradation will not prevent their effi cacious use. 

As to (2), it has been 6hown that m~rine antibodies reach the 

required target site. Why should a humanited antibody not reach 

the target site also? As to (3), t he data in the specificati on 

show that acceptable affi nity can be obtained. The specification 

also shows how the choice of the heavy chain constant domains 
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leads to ~eaired effecto~ functions. Thus, there is no basis for 

the EKaminer's assertions. As to (4)v all antibodies are 

eventually recognized as foreign and cleared froM circulation. 

There is no reason to expect a rejection reaction, as discussed 

above, since the antibodies are predominantly human in 

· appearance. 

It is therefore submitted that there is no force in any 

of the arguments put forward by the Examiner. Accordingly, one 

skilled in the art is adequate ly taught by the apecification how 

to practice the claimed invention. Withdrawal of this 35 USC 

S101 rejection is respectfully requested. 

At paragraph 19 of the Office Action, the Examiner 

objected to the specification and rejected claims 1-12 under 37 

USC §112, first para9raph as failing to adequately teach how t o 

make and use the claimed inv~ntion. The Examiner stated that 

isolated heavy and light chains appear to be inoperable for 

binding antigen ~nd as a consaquanoa undua axperimentation would 

ba required of tha skilled artisan in order to practice the 

invention. 

It is r&spectfully submitted that the poi nts made in 

response to the section 101 rejection above also apply here. The 

isolated chains have patent utility as intermediates i n the 

preparation of the antibodies which have been demonstrated as 

having end use utility. The point is now moot, however, in view 

- 22 -

Board Assigned Page #798 
BIOEPIS EX. 1095 

Page 951



1'. j;U 

PATEN'!' 

of the cancellation of claims 1 through 12 and the submission of 

new claims drawn to antigen-binding molecule having both heavy 

and light chains. Withdrawal of this 35 usc S112, first 

paraqraph rejection is respectfully requested. 

At paragraph 20 of the Office Action, the Examiner 

objected to the specification and rejected claims 22 and 23 under 

35 usc 5112, !iret paraqraph as failing to adequately teach how 

to make and use the claimed invention. The Examiner stated that 

the claimed invention appears to be inoperable without supportinq 

in vivo data for the reasons discussed in the rejection made 

under 35 osc 5101 1 and therefore undue experimentation would be 

required of the skilled artisan in order to practice the claimed 

invention. 

Applicants respectfully traverse this rejection. 

A person of ordinary skill in the art could, without 

the need for undue experimentation, practice the invention 

disclosed in the present application. It should be borne in mind 

that the use of murine monoclonal antibody OK.T3 for therapy and 

murine monoclonal antibodies OKT3, OKT4, 61E71 and B72.3 for 

diagnosis has been reported in the prior art. Thus, therapeutic 

treatment regimes, amounts used per treatment, intervals between 

treatments, routes of administration, etc. for OKT3 and 

diagnQstic reqimes for all four antibodies are well known in the ' 

art. Since the !n v1tro results show that the humanized 
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antibodies of the present invention have the same affinity as the 

prototype antibodies and since it can reasonably be predicted 

that the humanized antibodies will have as good, it not better, 

bioav~ilability as the prototype antibodios, the knowledqeable 

person will confidently adopt the sama sort of treatment regimes 

&9 are adopted tor the prototype antibodies. 

It is therefore submitted that the invention claimed in 

the present application can readily ba put in to e f f ect by the 

skilled person. Withdraw~l of t his 35 usc Sl12, first paragraph 

rejection is respectfully requested . 

At paragraph 21 of the Office Action , tha Examiner 

rejected claims 13-1 6 under 35 USC §112 1 first paragraph stat ing 

that the disclosure is enabling only for c l a i ms limitod to 

specific CDR-grafted antibodies d i sclosed in the s pecification as 

having effective bindinq affinities for their specific antibody, 

i.e. which are similar to the non-humanized donor antibodies. 

Applicants respectfully traverse this re j ection. The 

Examiner contends that the present specification is on1y enabl ing 

in respect of the exemplified humanized antibodies because, in 

the Examiner 1 s view, it would r equire undue experimentation to 

adapt the t eaching in the present application to other 

antibodies. This view appears to be based on an analysis of the 

prior art rather than an analysis of the present invention. 
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It is indeed true that in the prior art, there is very 

little guidance as to how to go about producing a recombinant 

antibody which has tha sama antiqen bindinq affinit~ as the 

prototype antibody. The most guidance is provided by Queen et 

al. (PNAS-USA, 86, 10029-10033, 1989). However, the amount of 

guidance provided is small. Although it is not explicitly stated 

in Queen et al., it is clear that it is necessary before 

beginning the process described therein to determine the amino 

acid sequence of the antibody chain to be recombinant. The 

skilled parson reading QU$en et al. is told firetly to ~~lect a 

human chain which is as closely comparable to the murine chain as 

possible. It is then necessary to carry out computer modelling 

of the chain to determine which residues outside the Kabat CDRs 

may be important for antigen binding or retaining the appropriate 

shape in the antigen binding region. This co~puter modelling is 

by no means trivial as it requires the modeler to make a number 

of critical choices of parameters will lead to a different model 

and may well lead to a different determination of non-CDR 

residues. 

By carrying out this procedure, Queen et al. identified 

a number of residues outside the CDR which are altered in order 

to iMprove the affinity o! the recombinant antibody. However, 

Queen et al. provides no guidance as to which residues are 

critical for improving aff inity in the particular case referred 
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to by Queen et al, (ths anti-TAC antibody), Moreover, there is 

no indication that it mi9ht be possible to change the same 

residues in a different antibody in the expectation of achieving 

qood affinity. 

It is also to be noted that Queen et al. does nQt use 

the Kabat numbering for the amino acid residues . The sequences 

are merely numbered in a linear fashion. ~t is thus not possibl e 

readily to determine which residues accordin9 to the Kabat 

numbering system were altered. This makes the teachinq in Queen 

et al. even more specific to the particular antibody shown by 

Queen et al. 

Thus, the teachinq of Queen et al. is that , in order to 

reshape any antibody, it is necessary to treat each anti body 

individually and to carry out for each antibody the s t eps of 

sequence determination, acceptor sequence selection and computer 

modellinq. Clearly, this requires undue experimentation to apply 

tha teaching of Queen et al. to other antibodies . 

In contrast, the teaching in the present application 

can be applied without aJ;ly undue experimentation t o any antibody. 

All that is required is experiment ation followinq a protocol 

which is clearly set out i n the description, in particular at 

paqe 16, line 30 to paqe 19, line 9, In order to follow this 

protocol, as a first step, it i5 necessary to determine the amino 

aci d sequence of the donor chain. The sequence of the acceptor 
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chain will already be known, for instance from a sequenoe data 

base. 

There is then no need to carry out co~puter modelling 

to determi~e which donor residues to eubstitute into the o~~eptor 

sequence, The protocol in the present application provides the 

teaching directly. It instructs the skilled person to compare 

the two sequences and change certain specified residues in the 

acceptor sequence to donor residues. 

Moreover, the present application provides a 

hierarchical structure of residues which can be considered. 

Thus, if changing the residues identified at the top of the 

structure does not provide adequate affinity, then a lower level 

of residues are considered, and $0 on until acceptable affinity 

is obtained. 

The manipulation of ~n acceptor sequence using 

recombinant DNA technology is a matter of routine. For instance, 

a known sequence can be altered using site directed mutagenesis. 

Alternatively, a complete sequence can be synthesized from 

isolated nucleotides, The chain having the altered amino acid 

sequence can be tested for affinity using assays of the type 

described in the application. Thus, producing recombinant chains 

and testing them for affinity merely involves routine 

experimentation following a protocol which is clearly defined in 

the application. 
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lt is submitted that this identifies where the present 

invention makes a significant departure from the prior art. The 

prior art indicates that each antibody has to be treated 

individually. In c ontrast, the present invention teaches that, 

by following the protocol set forth in the present application, 

it is possible to reshape any antibody. 

The Examiner pointed tQ t he fact t hat the preGent 

application refers to only three antibodies (OKT3, OKT4 and anti

ICAM) and contends that this ig no basis for predic ting that the 

protocol is generally ~pplication. It l$ respectf~lly ~~Pmitt$~ 

that the Examiner is incorrect. In the first pl ace, th~ 

application refers to nine di!ferent antibodies (OKT3 1 OKT4 1 RG-

5, 872.3, 61R71 1 101,41 hTNFl, hTNF2 and hTNFJ) (see paqe 52 1 

last paragraph) which have been humanized successfully usi ng the 

protocol set out in the application . It therefore cannot be sAen 

how it can be contended that the concept underlying the present 

c laims has not been fully developed. Since it has proved 

possible t o h~manize all nine antibodi es, it i s submitted that a 

reasonably skilled person would readilY predict that t he concept 

is applicable to other ant ibodies. 

The Examiner refers to the absence from the applicati on 

of bindi~g affinity values and alleqes that the description of 

binding affinity is only qualitative. It is submitted that this 

is not the case. Figures 7 to 13 c l early show data. On page 60 1 
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second paragraph, the bindin9 affinity of the hu~ani~ed anti-ICAM 

antibody is 9iven a quantitative value. On paqa 62, quantitative 

statements re9ardin9 bindi nq activity are also given. Thus, the 

application does contain quantitative data showing that the 

concept is applicable to produce a useful antiqen-bindinq 

molecule. 

It is the~efore submitted that the description is fully 

enabling without the need for undue experimentation. Withdrawal 

of this 35 USC S112 rejection is therefore respectfully 

requested. 

At paraqraph 22 of the Office Action, the Examiner 

rejected claims 1-23 under 35 USC §112, second paragraph as beinq 

indefinite for failinq to particularly point out and distinctly 

olaim the subject matter which Applicant reqards as the 

invention. This rejection is in several parts which will 

answered separately. 

In Part A of the rejection, the Examiner stated that 

claims 1-5 are indefin!te aue to the language of the claims 

relating to donor positions and because the position numbers are 

arbitrary. 

Claims 1-S have been cancelled without prejudice. The 

newly submitted clai~s do not contain the lanquage found 

objectionable by the Examiner. The residue numbers in the newly 

submitted claims refers to the numberinq system devised by Kabat. 
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This is a standard numbering system used to enable comparisons of 

antibody chain amino acid sequences to be made. 

The Kabat numbering system was doveloped by studying 

the amino acid sequences of a large number of heavy and light 

chains. It was discovered that, wi thin the variable domains, 

there were some residues which ~re hiqhly conserved, some areas 

in which sequence variation i s lo~ ~nd_some areas in whi ch the 

sequence variation is high. On the basis of the highly conserved 

residues and the low variability areas, it proved to be possible 

to assign numbers to residues in all heavy and liqht chains. 

In some cases, it was found that there had been 

deletions in the sequence. In other cases, there were additional 

residues. Generally, these additions or deletions occurred in 

the highly variable areas. In order to allow for this, in some 

sequences the numbering has a jump in it to account for a 

daletion and in other 5equences there are a number of residues 

with the s~me number, followed by a, b, c, etc., to account for 

insertions. Nonetheless, it i$ $till readily possible to a l i9n 

antibody chain sequences on the basis of the Kabat numbering. 

This is a system which is widely used and eo~only reeo9nized in 

the art. In this respect, reference can be made to Riechmann et 

al., page 325, first sentence after "Strategy". 

Xt i3 therefore believed that the language now used in 

the claims is in accordance with the r equi rement s of section 112, 
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In Part B of the rQjection, the Examiner stated that 

claims 6-12 are also indefinite dua to the language or the claims 

relating to donor positions and because the position numbers are · 

arbitrary. 

Claims 6-12 have been cancelled without prejudice. The 

nawly submitted ol~ims do not contain the language round 

objectionable by the Examiner. The position numbers of the donor 

residues refer to the numbering $ystem devised by Kabat, as 

discussed in the ~esponse to Pa~t A of this rejection. 

In Part c of the rejecti on, the Examiner stated that 

claims 4 and 11 are indefinite and confusing because they are in 

an improper Markush listing. 

Claims 4 and 11 have bQen cancelled without prejudice. 

This rejection ig now moot. 

In Part 0 of the rejoction, the Examiner stated that 

claim 21 is indefinite. Claim 21 has been amended to correct an 

inadvertent clerical in step (c), so that step (c) now recites 

"transfectinq a host cell with the expression vectors of steps 

(a) and (b) to form a transfected cell containinq said expression 

vectors". Step (c) indicates that the expression vector s are 

transfected into one host cell. The amendment to step (c) also 

provides an antecedent basis for 11 the transfected cell line" in 

step (d) • 
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The use of the term 11 complementary11 in claim 21 does 

not render the claim indefinite. It is submitted that this is 

clear to the person skilled in the art. It is well known that it 

ie possible for almost any heavy chain to associate to some 

extent with almost any liqht chain. However, randomly associated 

heavyfliqht chain dimers will generally not have any antigen 

bindinq activity. Antiqen binding activity will ohly be 

obtainable if the heavy and light chains are of such sequence and 

configuration as to provide antiqen bindinq reqions which fit ·I 

together to form a site which binds to a dasired antigen. It is 

well known to the art that a heavy and a light chain which, when 

associated, form a binding eite for a desired antigen are said to 

be compl~mentary. Thus, in the present claims, "c:o:rnplenentary11 

is used in the way it is normally understood by those ski lled in 

the art and does not introduce any lack of clarity in the claims. 

Withdrawal of this entire 35 USC 5~12, second paragraph rejection 

is respectfully requested. 

At paragraph 23 of the Office Action the Examiner 

rejected the claims under 35 usc Sl02(b). This rejection is 

divided into two parts with will be answered separately. 

In Part A of this rejection, claims 1, s, 6-a, and 12-

22 were rejected as anticipated by Riechmann et al. The Examiner 

stated that elai~ 1 and claim 6 ware interpreted to mean that tha 

framework has donor residues in at least one of any of positions 
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6, 23, 24, 4B, 49, 71, 73, 75, 76, 78, 88, or 91 in the heavy 

chain and (l, 3, 46, or 47) or 46, 48, 58, or 71) in the light 

chain, and thus, the teachings of Riechmann et al. anticipate the 

invention as claimed. 

The Examiner contends that the original claims lacked 

novelty over Riechmann et al. Claims 1, 5, 6-8, 12 and 22 have 

been cancelled without prejudice and submitted as new claims that 

moro distinctly point out certain aspects of the present 

invention. 

In present claims 24 and 25, it is specified that 

residues 23 ~nd 24 in the heavy chain should be donor residues. 

However, as can be seen from Fig. 1, panel (a) in Riechmann et 

al., in the recombinant antibody shown there, residues 23 and 24 

are acceptor residues. 

In the pre~ent claim 42, it is specified that residue 

59 in the liqht chain should be a donor residue. However, as can 

be seen from Fig. 1, panel (b) in Riechmann et al., in the 

recombinant antibody shown there, re5idue 58 i5 an acceptor 

residue. Applicants' claimed antigen-binding molecules are thus 

not anticipated by Riechman~ et al. 

rn Part B of the rejection, the Examiner rejected 

claims l-6 and 12-22 as anticipated by Queen et al. 
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Clai~s 1-~, 1~-20 and 22 have been cancelled without 

prejudice and submitted as new claims that more distinctly point 

out certain aspects of the present invention. 

In present claims 24 and 25, it i5 specified that 

residues 48, 66, 67, 68, ~3, 103 to 108 and 110 should all be 

acceptor residues. However, in Queen et al., as can be seen from 

Fi9. 28, in these positions Queen et al. uses donor, rather than 

acceptor, residues. It should again be borne in mind that Queen 

et al. does ~ use the Kabat numbering and it is therefore 

necessary to look carefully at the disclosure in Queen et al. 

before it is possible to come to any final conclusion. 

In present claim 38, it is specified that residue 71 

should be a donor residue. However, as can be seen from Fig. 2A 

of Queen et al., in that position Queen et al. uses an acceptor, 

rather than a donor residue. 

Applicants' claimed antiqen-bindinq molecules are thus 

not anticipated by Queen et al. Withdrawal of this entire 35 usc 
Sl02(b) rejection is respectfully requested. 

At paragraph 24 of the Office Action, the Examiner 

rejected claims 1-21 under 35 usc S103 as being obvious over 

Riechmann et al. in view of Queen et al. The Examiner states 

It would have been prima f4cie obvious to one 
of ordinary skill in the art in the art at 
the time the invention was made to use the 
gUidelines taught by Riechmann et al. and 
Queen et al. to reshape any qiven antibody to 
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11humanize" that antibody by lllal<ing changes in 
the framework regions of the human acceptor 
to the donor residue when those residues are 
close to the CDR's and when those amino acids 
affect the conformation of the CDR's. 

Applicants respectfully traverse this rejection. 

PATENT 

The Examiner contended that all the previous claims 

lacked an inventive step over either Riechmann et al. or Queen et 

al. It is submitted, for the followinq reasons, that the 

Examiner's contention is unfounded. 

With respect to Riechmann et al., it is submitted that 

this document does not 90 much be1ond the oriqinal idea of Winter 

et al. (see WO- A) 89/07452 referred to on page 4 of the present 

application) of transferring only the CDRs to a human framework. 

Thus, Riechmann et al. shows transferrinq the hypervariable 

reqions identified according to Kabat (i.e. the Kabat CDRs) , to a 

human framework (see Riechmann et al.., paqe 325, after 

"StrategyM), This baaic concept was to a certain extent modified 

for the heavy chain on the basi~ of the difference between Kabat 

CDRl (as defined by sequence) and CDRl as defined by structural 

stud.ies. 

on tne b~si$ ot specific sequence differences in 

structural CDR1 between the rat (donor ) and hum&n (acceptor) 

sequences, Riechmann et al. decided to change residues 27 and 30 

in the acceptor sequence to the equivalent residues in the donor 

sequence. It is made clear that these sequence chanqes were made 
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because the rat (donor) sequence was unusual. It is also to be 

noted that RiechMann et al. made no other changes outside the 

CDRs in the heavy chain. 

As regards the light chain, all that Riachmann et al; 

did was to transfer the rat CDRs (ad determined by Kabat) to the 

human acceptor framework. No residue changes outside the CDRs 

were made. 

It can thus be seen that, at bast, Riechmann et al. 

teaches the skilled person to transfer the six CDRa and to loo~ 

at the possibility of transferring a composite CDRl comprising a 

combination of the Kabat and structural CDR!, but only if there 

are any unusual residues in the area of the structural CDR! not 

covered by the Kabat CDRl. Even this teaching, however, is 

specific to the particular antibody considered by Riechmann et 

al. There is nothing in Riechmann et al. to suqqest that this 

teaching is generally applicable to other ant~bodies. 

In any event, Riechmann et al. does not in any way 

suggest that altering residues remote from the CDRs might be 

effective in improving affinity. certainly, Riechmann et al. in 

no way suggest that there might bo a hierarchy of residues which 

should be considered if improv~mants in affinity are to be 

sought. Still less does Rieehmann et al. provide any teaching 

which would allow the skilled person to identify the hierarchy of 

residues AS set forth in the present application. 
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It is therefore submitted that the subject matter of 

present claims is in no way suggested by Riechmann et al. Thus, 

the present invention is not at all obvious over Riechmann et al. 

A& regards Queen et al., aa the Examiner has noted, the 

teaching there is quite different from that in the present 

application. Queen et al. teaches that the amino acid sequence 

or the antibody chain in question (donor) should be determined 

and then compared to that of known acceptor chains. An acceptor 

chain should then be chosen which is aa homologous as possible to 

the donor chain. 

The next step is to carry out a computer modelling 

exercise to determine which residues might be involved in antigen 

binding or in ensuring that the antigen binding site adopts the 

correct conformation. It is again to be pointed out that 

computer modelling can lead to different results, depending on 

the parameter choices made, Thus, following Queen et al. may not 

always lead to the sane results. That this is the case can be 

seen from page 10031 1 paragraph 31 lines 13 to 15, which shows 

that an earlier model differed from a later model. 

It is also tQ be pointeQ out that the criteria for 

making the choices are indeterminate. All that Queen et al. 

indicates is that the residues need to be "close enough 11 to the 

CDR's (see page 10031 1 paragraph 3). There is no indication as 

to how close is "close enough". It is therefore difficult tor 
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the skilled person to follow the teaching or Queen et al. without 

having to make critical decisions on which no guidance is given. 

Once these exercises have been carried out, the 

accepto~ sequence is altered so that not only the Kabat CDR's but 

also All th~ other residues outside the CORs identified by the 

modellin9 procedure are changed to donor residues. 

The !act that the donor sequence is compared to a 

number of possible acceptor sequences and that a computer model 

o! the donor antibody must be made shows that the whole procedure 

in QUQQ~ et al. is epecific to one antibody at a time. 

underlying thesa facts i s the assumption that each antibody is 

different !rom other antibOdies and that it is not possibl e to 

predic t from work carried on one antibody how t o deal with 

anoth~r antibody. 

It is no doubt true that i mplication of Queen at al. is 

that carrying out the proc~dure disolosed therein will enable one 

to produce a recombinant antibody having at leas t eome of the 

affinity o! the prototype antibody, (In the case shown in Queen 

et al. the affinity of the recombinant antibody was onl y one 

third that of the prototype antibody. ) However, there is no 

suggestion in Queen et al. that ohanginq the same residues as 

were changed when reGhaping the anti-TAC antibody could be 

expected to provide aoceptablo binain9 affinity in anothe r 

recombinant antibody. 
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Even if (which is denied) a skilled person did try to 

change residues in accordance with tha numbers determined by 

Queen et al., this still does not lead to the present invention. 

As has be~n discussed above, Qu~~n et al. changes residues which, 

according to the prQsent invention, need not be changed or leaves 

as acceptor residues ones which should be changed. Thus, 

following the Queen et al. procedure cannot lead to the 

production of an antibody as now claimed. 

The Queen et al. procedure can be contrasted with the 

protocol set forth in the present application. In the oase o~ 

the present invention, there is no need to compare the donor 

sequence with a number of possible acceptor sequences. Any 

acceptor sequence can be used. Moreover, there is no need to 

carry out any computer modelling. All that is required is for 

the skilled person to go through the hierarchy of residue changes 

set forth in th~ application, beginning at page 16, and to make 

the minimum number of changes required to obtain acceptable 

~ctivity. 

It is submitted that there is nothing in Queeh et al. 

which in ~ny way su99~sts that this simple hierarchical protocol 

ean bQ adopted in the e~ectation of being ~ble to reshape any 

desired antibody. Queen et al. teaches that each antibody 

requires its own reshapin9 procedure. The present invention 
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teaches that ona reshaping procedure can be applied to any 

antibody. 

PA'l'EN'l' 

In order to establish a prima faoie case of 

obviousness, it must be shown that the prior art would have 

sugqested to those or ordinary skill in the art that they should 

make the claimed col!lposition or device, or carry out tho. claimed 

process; and that the prior art would also have revealed that in 

so making or carrying out, those of ordinary skill would have a 

reasonable expectation of success. Both the suggestion and the 

reasonable expectation of success must be tounded in the prior 

art, not in the Applicants' disclosure. 

As discussed abov-e, at best, Riechtnann et al. teaches 

the skilled person to transfer the six CDRs and to look at the 

possibility of transferrinq a composite CDRl comprising of the 

Kabat and structural CDRl, but only if there are any unusual 

residues in the area of the structural CDRl not covered by the 

Kabat CDR1. Rieohmann et al. does not in any way suggest that 

altering residues remote from the CDR's miqht be effective in 

improving affinity of the CDR-grafted antibody. Additionally, 

Riechrnann et al. in no way sug9ests that th$r$ mi9ht be a 

hierarchy of residues which should be c?nsidered if improvements 

in affinity are to be sought. still less does Riechmann et al. 

provide any teaching which would allow the skilled person to 
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identify the hierarchy of residues as set forth in the present 

application. 

Regarding Queen et al., the fact that the donor 

sequence is comparQd to a numbe~ ot possi~1e a~ceptor sequences 

and that a computer model of the donor antibody must be made 

shows that the Whole procedure in Queen et al. is specific to one 

antibody at a time. Underlying these facts is the assumption 

that it i~ not possible to predict from work carried out on one 

antibody how to deal with another antibody. There is no 

suggestion in Queen et al. that changing the same residues as 

were changed when reshaping the anti-TAC antibody could be 

expected to provide aooeptable binding affinity in another 

recombinant antibody. Queen et al. thus teaches that each 

antibody requires its own reshaping procedure thereby teaching 

away !rom the present invention. 

In summary, there is neither a suggestion in the prior 

art to mak~ the ~laimea CDR-grafted antibQdies, nor does the 

prior art sho~ a reas onabl e expectation of success of making the 

claimed CDR-grafted antibodies. Applicants' claims are t hus not 

p~ima tacie obvious over Rieohmann et al. and Queen et al. 

Withdrawal of this 35 usc S103 rejection is respectful l y 

requested, 
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In view of the above, the present application is 

believed to be in a condition ready ror allowance. 

Reconsideration ot the application is respectfully requested and 

an early Notice of Allowance is earnestly solicited. 

Date: January 19, ~993 

WOODCOCK WASHBURN KURTZ 
MACKIEWICZ & NORRIS 

Ono Liberty Place - 46th 
Philadelphia, PA 19103 
(215) 5158-3100 

Floor 

Respectfully Gubmitted, 

~&.~ sTgnatre 
Liza D. Hohensobutz 
Registration No. 33,712 
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IN THE UNITED ......._J..--~;ff~rT AND TRADEMARK OFFICE 

In re appl i cation cf: John R. ADAIR et a l. 

Ser i al No.: 

Group Art Unit: 

Fi l ed : 

Examiner : 

For: 

07/743 329 

1807 

17th September 1991 

L. Bennett 

Humanised Antibod i es 

Honorable Commi ssioner of Patents and Trademarks 

washington DC 20231. 

Dear Sir, 

AMENDMENT 

APR 'I b !'1'1j 

1 . This amendment is fi l ed follo.,.ting the interview with 

Examiners Bennett and Chambers on 27th January 1993. 

2. Amendments 

Please cancel all the present c l aims and replace them with the new 

claims as follo ws. 

67 . An antib dy molecule having affinity for a predetermi ned 

antigen and comprisi 

light chain, said COlli 

,, ~ 

a composite heavy chain .and a compl ementary 

osite heavy chain ha ving a variable domain 

compri sing human accem:~~ntibody heavy chain framework residues and 

donor ant i body he said donor 

antibody having a said predetermined antigen, wherein, 

according to the in said composite h eavy 

chain , amino ac i d 17, 19, 21, 22, 40, 42 to 

44, 66 , 68, 70, 74 1 , 83 t o 85, 90, 92, 105, 109 , 111 and 

113 acid residues 12'3\ (2;~ 
. ~~ \.. .. ../ 
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31 to 35, (49. to 
,c .. 

73; '78 and 95 to 102 · at least are donor 

residues. ( 
. -· 

, .. 
! 
p 

68. The 

residues 26 to 30 

additionally donor 

ody molecule of claim 67, wherein amino acid 

59 to 6 5 in said composite heavy chain are 

69 . The antibo mo l ecul e of claim 67, wherein at least one 

of amino acid residues 

are additional l y donor 

70. The antibody 

of amino acid residues 3 , 

heavy chain are additiona 

71. 

of amino 

heavy chain are addi i 

72 . 

residues 7, 9, 11, 18, 20, 

82 , 86 to 89 , 91, 93, 103 , 108, 

c hain are additional ly acceptor 

76 in said composite heavy chain 

c l aim 67, wherein at least one 

104, 106 and 107 in said c omposite 

70, wherein at least one 

and 69 in said composite 

67 , wherein a mino acid 

41, 45, 471 48, 72, 75 , 80, 

112 in said composite heavy 

73. A tumour-spe c i fic antibody molecule having affinity for 

a predetermi ~d tumour antigen and compr ising a composite heavy c h ain 

and a compleme . tary light chain, said composite heavy chain having 

a variable doma' comprising human acceptor antibody heavy c h ain 

framework residue~'., nd donor antibody heavy chain antigen-binding 

residues, said donor·' · tibody having affinity for said predetermined 
~ 

tumour antigen, wherein},, according to the Kabat number i ng system, in 

said composite heavy chai · , aminQ .acid res i dues 5 , 8, 10, 12 to 17, 

19, 21, 22, 40, 42 to 44, 70 , 74, 77, 79, 81, 83 to 85, 90, 

92, 105 , 1 09 , 1 11 and 113 at\ east are acceptor residues and amino 

acid residues 23, 24, 31 to 35·~ .. 9 to 58 and 95 to 102 at least are 

donor residues. ~ 
\ , 

\ 

\ 

\ 
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74~ The antibody molecule of claim 73, wherein amino acid 

res1 ues 71, 7 3 and 78 in sai d compos i te heavy cha i n are additionally 

donor residues. 

75. 

residues 

76. 

The antibody molecu l e of c l aim 7 3, wherein amino acid 

to JO and 59 to 65 in said composite heavy chain are 

residues. 

antibody molecule o f c l aim 73, wherein at least one 

of amino acid re 'dues 1, 3, and 76 in sa i d c omposite heavy chain are 

additionall y dono res i dues. 

77. 

o f amino 

The ant i of claim 73, wherein at l east one 

36, 94, 104, 106 and 107 in said composite 

h e avy chain are additio lly donor residues. 

78. The ant i body m l ecule of clai m 77, wherein at least one 

o f amino ac i d residues 2, 4, 6, 38, 48, 67 and 69 in said composite 

heavy chain are additionally onor residues. 

79. The antibody molecu. of claim 7 3 , wherein amino acid 

r e sidues 7, 9, 11, 18, 20, 25, 3 7 

82, 86 to 89, 9 1 , 93, 10 3 , 108, 

chain are additionally acceptor 

41, 45, 47, 48, 7 2 , 75, 80, 

in said composite heavy 

80. An interleukin- specific anti ody mo l ecule having affinity 

for a predetermined interleukin and com rising a composite heavy 

chain and a complementary light chain, sa'd composite heavy chain 

having a variable domain comprising human c c eptor antibody heavy 

chain framework residues a nd donor antibody heavy chain antigen

binding residues, said donor antibody havin~ affinity for said 

predetermined interleukin wherein, according to \he Kabat numbering 

system, in said composite heavy chain, amino acid esidues 5, 8, 1 0 , 

12 to 17, 19, 21, 22, 40, 42 to 44, 66, 68, 70, 74 77, 7 9 , 81, 83 

to 85, 90, 92, 105, 109, 111 and 113 at least are a 

and amino acid residues 23, 24, 31 to 35, 49 to 58 an 

least are donor residues. 
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The antibody molecule of claim 80, wherein amino acid 

71, 73 and 78 in said composite heavy chain are additionally 

idues. 

82. The antibody molecule of claim 80, wherein amino acid 

residues to 30 and 59 to 65 in said composite heavy chain are 

additionally onor residues. 

83. The ntibody molecule of claim 80, wherein at least one 

of amino acid res~ ues 1, 3 and 76 in said composite heavy chain are 

additionally donor esidues. 

84. The antibo 

of amino acid residues 

molecule of claim 80, wherein at least one 

, 94, 104, 106 and 107 in said composite 

heavy chain are additional y donor residues. 
• 

85. The antibody mole le of claim 84, wherein at least one 

of amino acid residues 2, 4, 6, 38, 48, 67 and 69 in said composite 

heavy chain are additionally don residues. 

86. The antibody molecule o 

residues 7, 9, 11, 18, 20, 25, 

82, 86 to 89, 91, 93, 103, 108, 

wherein amino acid 

45, 47, 48, 72, 75, 80, 

in said composite heavy 

chain are additionally acceptor residues. 

87. An anti-CDJ antibody molecule hav ng affinity for the CD3 

antigen comprising a composite heavy chain and complementary light 

chain, said composite heavy chain having a variab e domain comprising 

human acceptor antibody heavy chain framework esidues and donor 

antibody heavy chain antigen-binding residues from a donor antibody 

heavy chain, said donor antibody having said CDJ 

antigen, wherein, according to the Kabat numbering s in said 

composite heavy chain, amino acid residues 5, 8, 10, 

21, 22, 40, 42 to 44, 66, 68, 70, 74, 77, 79, 81, 83 

105, 109, 111 and 113 at least are acceptor residues 

residues 23, 24, 31 to 35, 49 to 58 and 95 to 102 at least 

residues. 
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h~8. 

r~idues 
\ 

The antibody molecule of claim 87, wherein amino acid 

71, 73 and 78 in said composite heavy chain are additionally 

don\ residues. 

89. The antibody molecule of claim 87, wherein am i no acid 

residues 6 to 30 and 59 to 65 in said composite heavy chain are 

additiona~ donor residues. 

90. Th~ntibody molecule of claim 87, wherein at 

of amino acid res~ues 1, 3, and 76 in said compos ite heavy 

addition a lly donor\residues. 
\ 

\ 

least one 

chain are 

91. The antib y molecule of claim 87, wherein at least one 

of amino acid residues 36, 94, 104, 106 and 107 in said composite 

heavy chain are additiona ly donor residues. 
' 

92. The antibody m~~.ule of claim 91, 

of amino acid residues 2, 4, 6~ 38, 48, 67 and 

heavy chain are additionally 

wherein at least one 

69 i n said composite 

93. The antibody molecule o wherein amino acid 

residues 7, 9, 11, 18, 20, 25, 37, 39 41, 45, 47, 48, 72, 75, so, 
82, 86 to 89, 91, 93, 103, 108, 110 and 12 in said composite heavy 

chain are additionally acceptor residues. 

94. An anti-CD4 antibody molecule havx g af f inity for the CD4 

antigen and comprising a composite h eavy chai ' .and a complementary 

light chain, said composite heavy chain having a variable domain 

comprising human acceptor antibody heavy chain fram work r es idues and 

donor antibody heavy chain antigen-binding resid es, said donor 

antibody having affinity for said CD4 antigen, wherei ,.according to 

the Kabat numbering system, in said composite heavy cha.r ~\ amino acid 

residues 5, 8, 10, 12 t o 17, 19, 21, 22, 40 , 42 to 44, 6, 68, 70, 

74 , 77, 79 , 81, 83 to 85, 90, 92, 105, 109, 111 and 113 at~east are 

acceptor residues and amino acid residues 23, 24, 31 to 35, '~ to 58 

and 95 to 102 at least are donor residues. ~ 
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'""- 95 . The antibody molecule of claim 94, wherein amino acid 

· esidues 71, 73 and 78 in said composite heavy chain are additionally 

do or r esidues . 

96. The antibody molecule of claim 94, wherein amino acid 

residu s 26 to 30 and 59 to 65 in said composite heavy chain are 

additio lly donor residues. 

97. The antibody molecule of claim 94, wherein at least one 

of amino aci residues 1, 3, and 76 in said composite heavy chain are 

additionally onor residues. 

98. The tibcdy molecule of claim 94, wherein at least one 

of amino acid res1 ues 36, 94, 104, 106 and 107 in said composite 

heavy chain are addi ionally donor residues. 

99. The antibod molecule of c laim 98, wherein at least one 

of amino acid residues 2, , 6, 38, 48, 67 and 69 in said composite 

heavy chain are additional! donor residues. 

100. The antibody mo lec le of c laim 94, wherein amino acid 

residues 7, 9, 11, 18, 20, 25, 3 , 39, 41, 45, 47, 48, 72, 75, 80, 

82 , 86 to 89, 91, 93, 103, 108, 11 and 112 in said composite heavy 

chain are additionally acceptor resi ues. 

101. An anti-adhesion molecule~ antibody molecule having 

affinity for an adhesion molecule and com rising a composite heavy 

chain and a complementary light chain, sai composite heavy chain 

antibody heavy 

avy chain antigen

having a variable domain comprising human a 

chain framework residues and donor antibody 

binding residues from a donor antibody heavy 

antibody having affinity for said adhesion 

according to the Kabat numbering system, in said 

said donor 

wherein, 

omposi te heavy 

chain, amino acid residues 5, 8, 10, 12 to 17, 19, 21, 22, 40, 42 to 

44, 66, 68, 70, 74, 77, 79, 81, 83 to 85, 90 , 92, 105, 09, 111 and 

113 at least are acceptor 

31 to 35 , 49 to 58 and 95 

residues and amino acid residues 23, 24, 

to 102 at least are donor resid~. 

\ 
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~
. The antibody molecule of claim 101, wherein amino acid 

res'dues 71, 73 and 78 in said composite heavy chain are additionall y 

dono residues. 

103. -~The antibody molecule of claim 101, wherein amino acid 

residues 2 to 30 and 59 to 65 in said composite heavy chain are 

additional!. donor residues. 
~ 

104. The antibody molecule of claim 101, wherein at least one 

of amino acid re idues 1, 3, and 76 in said composite h eavy chain 

are additionally d nor residues . 

~~ 105 . The anti~y molecule of claim 101, wherein at l east one 

V \ /of amino acid residues\ 6, 94, 104, 106 and 107 in said compos i te 

~heavy chain are addit i ona , ly donor residues. 

~ 106. The antibody mol~ ule of claim 105, wherein at least one 

of amino acid residues 2 , 4, 6~~, 48, 67 and 69 in said composite 

heavy ch ain a r e addi t ionally don~residues. 

107. The antibody molecule o~ claim 101, wherein amino acid 

residues 7, 9, 11, 18, 20, 25, 37, 3~ 41, 45, 47, 48, 72, 75, 80, 

82 , 86 to 89, 91, 93, 103, 108, 

c hain are additionally acceptor 

' 110 and~12 in said composite heavy 

residues .\ 

'\ 
108. The antibod molecule of c laim 67, wherein said 

complementary light 

variable domain 

framework 

residues, 

antigen, wherein, accordi 

composite light 

20, 22, 23, 39, 41 to 43, 

88, 100, 104, 106 a nd 107 a 

is a composite light chain having a 

acceptor antibody light c hain 

c hain antigen- binding 

for said predetermined 

abat numbering syst em, in said 

--~~,~residues 5, 7 to 9, 11, 13 to 18, 

acid residues 24 to 34, 46, 48, 

79 , 81, 82, 84, 86, 

acceptor residues and amino 

56, 58, 71 and 89 to 97 at 

least are donor residues. 
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109. The antibody molecule o f claim 73, wherein said 

\ omplementary light c hain i s a composite light chain having a 

iable domain comprising huma n acceptor antibody light chain 

residues and donor antibody l ight chain antigen- binding 

resi ues , s aid donor antibody having affinity t or said predetermined 

antig , wherein, accord i ng to the Kabat numbering system, in said 

composi e light chain, amino acid residues 5, 7 to 9, 11, 13 to 18, 

2 0, 22, 41 t o 43 , 57, 59, 61, 72, 74 to 79, 81, S2, 84, S6 , 

88, 100 , 106 and 107 at l east are acceptor residues and amino 

s 24 to 34, 46, 48 , 50 to 56 , 58, 71 and S9 to 97 at 

110 . The antibody mo l ecule of claim s o , wherein sai d 

compl ementary li ht chain is a compos ite l ight chai n having a 

variable do ma i n c mpris ing human acceptor antibody l igh t chain 

f ramework residues d d onor antibody light chain antigen- binding 

residues, said donor a t ibody having a f finity for sa id predete rmined 

antigen, whe rein, accor ing to the Kabat numbering sys t em, in said 

composite light chain, am' n o acid residues 5, 7 to 9, 11 , 13 to 18 , 

20, 22, 23, 39, 41 t o 43, , 59, 61 , 72, 74 to 79, 81, 82, 84, 86 , 

as, 100 , 104, 106 a nd 107 a~ least are acceptor residues and amino 

acid residues 24 to 34 , 46, 4 , 50 to 56, 58, 71 and S9 to 97 at 

least are donor residues . 

111. The antibody molecul of claim 87, wherein said 

comp lementary light chain is a light c hain having a 

variable domain comprising human antibody light c hain 

frame work residues and donor antibody c hain antigen-binding 

res i dues , said dono r antibody having affi f or sa id predet e rmined 

antigen, wherein, according to the Kabat n mbering system, in said 
' composite l ight chain , amino acid residues 7 to 9, 11 , 13 to 1S, 

2 0 t 2 2 I 2 3 I 3 9 t 41 t o 4 3 t 57 1 59 t 79 , 81, 82, 84, 86, 

88, 100, 104, 106 and 107 at least are r esidues and amino 

acid residues 2 4 to 34, 46, 48, 50 to 56, 58, J.1 and 89 to 97 at 

l east are donor res i dues. 
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~12. The antibody molecule of claim 94, wherein said 

c~plementary l i ght chain is a composite light chain having a 

va 'able domain comprising human acceptor antibody light chain 

ork residues and donor antibody light chain antigen-binding 

residu s, said donor antibody having affinity for said predetermined 

antigen, wherein, according to the Kabat numbering system, in said 

composite light chain, amino acid residues 5, 7 to 9, 11, 13 to 18, 

20, 22, 23, 39, 41 to 43, 57, 59, 61, 72, 74 to 79, 81, 82, 84, 86 1 

88, 100, 104, 106 and 107 at least are acceptor residues and amino 

acid residues 4 to 34, 46, 48, 50 to 56, 58, 71 and 89 to 97 at 

least are donor residues. 

\) \ J 113. The a' tibody molecule of claim 101, wherein said 

~ complementary light chain is a composite light chain having a 

(\ ~ . variable domain camp ising human acceptor antibody light. chain 

~· framework residues and onor antibody light chain antigen-binding 

residues, said donor anti ~y having affinity for said predetermined 

antigen, wherein, accordin to the Kabat numbering system, in said 

composite light chain, amino cid residues 5, 7 to 9, 11, 13 to 18, 

20, 22, 23, 39, 41 to 43, 57, ~· 61, 72, 74 to 79, 81, 82, 84, 86, 

88, 100, 104 1 106 and 107 at le~t are acceptor residues and amino 

acid residues 24 to 34, 46, 48, 5-~ to 56, 58, 71 and 89 to 97 at 

least are donor residues. \\ 

\ 
114. The antibody ~cule of ~im 108, wherein amino acid 
residues 1, 3 and 47 in s · omposite 'ght chain are additionally 

donor residues. 

\ 
115. The antibody molecule of claim~08, wherein amino acid 

residues 36, 44, 47, 85 and 87 in said com~~~te light chain are 

additionally donor residues. ~ 

116. The antibody molecule of claim 108, wh at least one 

of amino acid residues 2, 4, 6, 49, 62, 64 to 69, 98, 99, 101 and 102 

in said composite lightly chain are additionally dono residues. 

\ 
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~7. 
of\amino 

\ 

and 105 

The antibody molecule of claim 108, wherein at least one 

acid residues 1, 3, 10, 12, 21, 40, 60, 63, 70, 73, 80, 103 

in said composite light chain are additionally donor 

resid es. 

118. A method for producing a recombinant antigen binding 

molecule H ving affinity for a predetermined antigen comprising the 

steps of: 

( 1) d termining the amino acid sequence of the variable 

domain a donor antibody which has aff inity for 

said d antigen; 

[ 2) in ing the amino acid sequence of the variable 

domain of the heavy chain of a non-specific acceptor antibody; 

[3) providin a composite heavy chain for an antibody 

molecule, said compos ·te heavy chain having acceptor. framework 

residues and donor antig binding residues wherein, according to the 

Kabat numbering system, 

21, 22, 40, 42 to 44, 66, 

acid residues 5 , 8, 10, 12 to 17, 19, 

70, 74, 77, 79, 8J., 83 to 85, 90 , 92, 

105, 109, 111 and 113 at lea are acceptor residues and amino acid 

r esidues 23, 24, 31 to 35, 49 58 and 95 to 102 at least are donor 

residues; 

(4] associating the heavy chain produced in step ( 3] with a 

complementary light chain to form a antibody molecule; 

[5] determining the affinity f the antibody mo lec ule formed 

in step [4) for said predetermined ant"gen; 

(6] if the affinity determined i (5 ) is not equivalent 

to that of the donor antibody, providing h eavy chain as described 

in [3) above but in which amino acid res~es 

additionally donor residues; 

[7] associating the heavy chain produc d 

complementary light chain to form an antibody m 

71, 73 and 78 are 

in step ( 6] with a 

(8) determining the affinity of the antibo y molecule formed 

in step (7] for said predetermined antigen; 

(9) if the affinity determined in step (8) is not equivalent 

to that of the donor antibody, providing a heavy chai~as described 

in [ 6) above but in which amino acid residues 26. \o 30 are 

additionally donor residues; ~ 

\ 
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\ 
(10} associating t he heavy c h a in produc~d i n step (9] with a 

~omplementary l ight chain to form an antibody molecule; 
\ 

[11] determining the a ff i nity o f the antibody mol ecule formed 

in step (10) for said predetermined antigen; 

[ 12] if t he affin ity determined i n step ( 11) is not equival ent 

t o of the donor antibody, p roviding a heavy chain as described 

in hove but in wh i ch at least one of amino ac i d residues 1, 3, 

and 76 a addit i onally donor residues ; 

[13 associating t he heavy c hain produced in s tep [ 12) with 

ry l ight chain to form an antibody molecule; 

( 14) d ter mining the affinity of the antibody mo l ecule formed 

in step (13) f 

[15) i f t 

said predetermined antigen; 

affinity determined in s tep [14) is not equiva l ent 

t o that of the don r antibody, providing a heavy chain as described 

in (12] above but i which at l east one of amino a~id residues 36, 

94 , 104, 106, 107 a re addit i onally donor residues; 

[ 16) associatin the heavy chain produced in s tep (15) with 

a complementary light ch in t o f orm an antibody molecule. 

(17 ] determining tH affinity o f t he antibody molecule formed 

in step (16] for said prede ermined ant i gen; 

( 18) i f the affinity d termi ned in step (17] is not equival ent 

t o that of the donor a nt ibody, roviding a heavy c hain as descr ibed 

in (15 ] above tone of ami no acid residues 2 , 4, 

6 , 38, 48, 67 and 69 are addition 

[ 19) associating the heavy 

a complementary light chain 

ly donor residues; and 

c ain produced in step [ 18 ] with 

antibody molecule. 

1 19 . The method of claim us. furt er comprising the steps of: 

(1 ) det e rmining t he amino acid equence of the variable 

domain of the light chain of said donor a nt body which has affinity 

for said predetermined antigen; 

[2] determining the amino acid segue ce of the variable 

domain of the light cha i n of a non-speci fi c ace tor antibody; 

[3) pr ovi ding a composite light chain \for an ant ibody 

molecule, said composite light chain having acd\tor framework 

r esidues and donor antigen binding r esidues wherein, a\cording t o t he 

Kabat numbering sys t em, ami no·acid residues 5, 7 to 9, ~1, 13 to 18, 
·\ 

\, 
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a' I 

an 

97 a 

12 

221 23 1 39 1 41 to 43, 57, 59, 61, 72 , 74 to 79 to 79, 81, 82, 

86, 88, 100 1 104 and 106 t o 109 at least are acceptor residues 

amino acid residues 24 to 34, 46, 48, 50 to 56 , 58, 71 and 89 to 

least are donor residues; 

(4 ) associating the light chain produced in step [J) with a 
\ 

cornpleme tary heavy chain to form an antibody mo l ecule; 

determining the affinity of the antibody molecule formed 

in step (4) for said predetermined antigen; 

(6 ) i the affinity determined in step [5) is not equivalent 

to that of the onor antibody, providing a light chain as described 

~ \~ in [3] above but in which amino acid residues 1, 2, 3 and 47 are 

~~additionally donor esidues; 

1 

.~tJ (7 ) associat'ng the light chain produced in step (6] with a 

JV' complementary heavy ch in to form a n antigen-binding molecule; 

(8) determining he affinity of the anti9en-binding molecule 

formed in step [7) for sa~ predetermined antigen; 

[9 ] if the affinity~termined in step [8 ] is not equivalent 

to that of the donor antibody,\providing a light chain as described 

in (6 ] above but in which amino\acid residues 36, 44, 47, 85 and 87 

are additionally donor residues;~ 
[10) associating the light ~hain produced in step (9] with a 

complementary heavy chain to form a~antibody molecule; 

[11] determining the affinity ~\ the ant ibody molecule formed 

in step (10) for said predetermined antl~en; 
[12] if the affinity determined in ~ep [11] is not equival ent 

to that of the donor antibody, providing a ~ght chain as described 

in (9] above but in which at least one of am i~o acid residues 2, 4, 
\ 

6, 49 1 62, 64 to 69, 98, 99, 101 are addit iona ll~donor residues; and 
' (13) associating the light chain produced\~n step (9) with a 

' 
complementary heavy chain to form an antibody mol~cule. 

3. Remarks 

The undersigned would like to thank Examiners Lisa Bennett and Scott 

Chambers for the very cordial and helpful interview on January 27, 

1993 relating to this application. The amendments to the claims 

reflect the discussions of the interview as recorded in the Examiner 
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Interview Summary Record. 

Having considered the Examiner's concerns that the language of the 

claims might be indefinite, because it was not clear whether the 

specified residues were the Qllly or the minimum number of residues 

to be donor residues, the Applicants have amended the claims. In all 

the claims it is made clear that there is a minimum number of 

residues which have to be donor residues and a minimum number which 

have to be acceptor residues. Those residues which are not specified 

in the claims may be either donor or acceptor. 

The claims have been amended to delete " ant i gen-binding molecule" and 

rec ite instead "antibody molecule". In order to reduce issues, the 

claims have also been amended rec ite that the acceptor antibody heavy 

or light chain is a human acceptor antibody heavy or light chain. 

These amendments to the claims address the Examiner's concern 

relating to utility and enablement of the claims. In view of the 

great conservation of structure between antibodies of different 

species, however, Applicants believe the acceptor and donor 

antibodies can come from any species. 

In order t o reduce the issues further, the c la ims have been limited 

to antibodies in which the heavy chain has been "supe rhumanised". 

Claims referring to the light chain have been made dependent on the 

claims referring to the heavy chain. 

Regarding c laim 67, it can be seen from the description (see page 6 

line 29 to page 7, line 28; page 17, lines 9 to 11, Sections 2.1 to 

2.3 bridging pages 17 and 18; Section 1 bridging pages 19 and 20; 

Sections 2.1.1, 2 .2.1, 2 .3.1 and 2.4.1 in the passage bridging pages 

20 to 23; and Section 15.2 .1 on pages 46 and 47) that a number of 

residues are mentioned which can be considered f o r changing from 

acceptor to donor residues . It fol lows that if a residue has not 

been considered for changing, it must rema in as in the acceptor 

c hain. In order to make this clear in the claim, it has been 

specified in claim 67 that a ll the unmentioned residues must be 

acceptor residues. 
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As regards tbe re~itatioh of the d onor residues in claim 67, this 
' ' 

comprises a combination of the minimum residues need to define the ...... 
CDR loops or t he Kabat CDRs. For CDR1, this comprises residues 31 

to 35 (see page 46 1 line 18) a nd for CDR2 this comprises residues 

50 to 58 (see page 46, line 20). For CDR3, the Kabat definit ion of 

residues 95 to 102 was used (see page 17, line 11) . 

In addition claim 67 recites as donor residues those iden tified on 

page 20, line 25 and page 21, line 9 as being key residues outside 

the CDRs. 

I n claim 67, it has been specified that residues 71, 73 and 78 are 

all donor residues in order to ensure that claim 67 is novel over the 

anti-TAC antibody disclosed by Queen. This anti-TAC antibody has an 

acceptor residue at residue 73. However, as ca n be seen from page 

7, lines l to 5, the Applicant considers that in general, residues 

71, 73 and 78 can be either all donor or all acceptor. 

Claim 68 increases the sizes of CDR1 and CDR2 to the prudent 

definition given on page 17 , line 9 and page 20, l ines 6 to 9. 

Claim 69 is based on the passage at page 20, lines 26 and 27. Claim 

70 is based on the passage at page 21, lines 10 to 12. Claim 71 is 

based on the passage on page 21, lines 13 to 16. 

Claim 72 is derived by taking all the donor residues mentioned in 

claims 67 to 71 and specifying that all apart from these residues are 

acceptor residues. 

Claim 73 is based on page 15, line 27 and pages 55 to 59 of the 

description . Claim 80 is based on page 15, line 33 of the 

description. Claim 87 is based on page 15, line 31 and pages 25 to 

52 of the description. Claim 94 i s based on page 15, line 31 and 

pages 53 and 54 of the description. Claim 101 is based on page 15, 

line 32 and pages 60 and 61 of the description. 
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None of the pri or art CDR-grafted a ntibodies h as specificity for a 

t umour-specific antigen, an interleukin, the CDJ or CD4 a ntigen, or 

an adhesion molecule. It is therefore submitted that claims 73, 80, 

87, 94 a nd 101 are all novel. 

It is stated on page 7, lines 1 to 5 that residues 71, 73 and 78 

s hould all be either acceptor or donor. Claims 73, 80, 87, 94 and 

101 cover the first alternative and claims 74, 81, 88, 95 and 102 

cover the second alternative. 

Claims 75 to 90, 82 to 86, 89 to 93, 96 to 100 and 103 to 107 a r e 

equivalent to claims 68 to 72. 

Claims 108 to 113 are based on previously filed c laim 42 and is 

derived in the same way that present claim 67 was derived. The 

residues which can be donor residues are listed on page 9, line 7 to 

page 10, line 15; page 17, lines 12 to 14; Section 3 bridging pages 

18 and 19; Section 2 .1. 2 on page 20; Section 2.2.2 on page 21; 

Section 2 . 3.2 on page 22 and section 2.4.2 on page 23. 

Claims 114 to 117 are based on the passage from page 9, line 7 to 

page 10, line 11. 

Claims 118 and 119 are based on previous claims 65 and 66 but with 

amendments to make them consistent with claims 67 onwards. 

It is therefore believed that a ll the claims are f ully supported by 

the description. 

Although all the previous claims have been cancelled , the applicants 

reserve the right to file divisional applications relating to the 

de l eted subject matter. 

At the interview, the Examiner expressed concerns that the c l aims may 

lack novelty and that the meth od disclosed in the application might 

not be universally applicable. In an effort to resolve these 

questions, the applicants send herewith three Tables relating to a 
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n umber of antibodies which have been 11 superhumanised 11 by the method 

o f the invention . The first Table relates t o the heavy chain and t he 

second Table relates to the light c hain. On t he third Table is set 

out the degree of aff i n ity recovered as a percentage of the a ffi nity 

o f the original monoclonal antibody. There is a l so provided o n t he 

Tables a c ompariso n with antibod ies which h a ve been produced by prior 

art p ropos als. 

On each of the Tables, the t op l i ne shows the residue numbering 

a c cording to the Kabat scheme . It can be seen tha t this includes, 

for the heavy chain, residues 52a-52c, 82a-82c and lOOa t o lOOi. 

Underneath the residue numbering is set out schematically the r es i due 

a ssignment f or each of the antibodies referred to. This is schematic 

in that it does no t give the actua l residue but instead indicates 

whether it i s a donor (D) , acceptor (A) or common (c) residue . 
11Common11 means that the same residue was present in bot h the donor 

and the acceptor sequences. Some o f the common residues a re also 

highly or completely conserved, but this has not been marked on the 

Tables. 

I n the heavy chain Table, the first five residues of 39010 are marked 

by a question mark. This i s because, due to the cloning method used, 

the f irs t fi ve residues in the donor chain were not determined. 

Thus, no comparison can be made. 

At the end o f each line is given the name of the acceptor sequence 

used to produce the chain. 

It should be noted t hat for the antibodies 61E71 a nd hTNF3, the 

projects were termi nated before t he method had been fully appl ied. 

The applicants are confident that, h ad they ha d the funds t o complete 

the wo rk on these antibodies, good recovery of affinity would have 

been obtained. 

In the Tables , the Bl .8, Dl.J, CAMPATH and anti-TAC entries represent 

p rior art antibodies. There is no entry in the l ight chain Table for 
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81.8 because the 81.8 light chain was never CDR-grafted. 

81.8 recognises an artificial antigen, the nitrophenyl hapten. Its 

heavy chain has acceptor residues at positions 23, 24, 73 and 78. 

01.3 recognises lysosyrne. Its heavy chain has acceptor residues at 

positions 71, 73 and 78. Its light chain has acceptor residues at 

positions 48 and 71. 

CAMPATH recognises the CD52 differentiation antigen found on various 

leukocytes. Its heavy chain has acceptor residues at positions 23, 

24, 71, 73 and 78. Its light chain has an acceptor residue at 

position 58. 

Anti-'rAC is the antibo~y descr i bed by Queen. It recogn i ses an 

epitope on a surface receptor for IL-2. (It does not recognise IL-

2 itself). Its heavy chain has an acceptor residue at position 73. 

Its light chain has an acceptor residue at position 71. 

Looking at the heavy chain Table, it can be seen that in all the 

successfully "superhurnanised" ant i bodies produced by the applicants, 

in the heavy chain residues 23, 24, 31 to 35, 49 to 58 and 95 to 102 

are all donor residues. Also in each case residues 26 to 30 are 

donor residues. Moreover, in most cases, residues 59 to 65 are also 

donor residues. 

In one chain, OKT3 209, residues 71 and 73 were left as acceptor. 

For this particular antibody, it was shown that as long as residue 

78 is donor, it does not make much difference whether residues 71 and 

73 are donor or acceptor. This seems to be a peculiarity of this 

antibody, but which highlights the importance of residue 78. 

In the heavy chains for 61E71 and hTNF3, residue 78 remained as 

acceptor. In both cases, the donor residue is alanine and the 

acceptor residue is leucine. Since leucine is more bulky than 

alanine, this may explain why the affinity of these chains was lower 

than desirable. 
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In hTNF1 a number of residues (12, 66 and 83) are donor residues 

whereas claim 67 specifies them as being acceptor residues. This 

antibody was prepared as the first in a series and the aim was to 

ensure that it worked. Therefore, any residues which were in the 

slightest unusual were changed to donor residues, even though it was 

suspected that some of the changes were unnecessary. As can be seen 

f rom, for instance 101/4, a later antibody in the series, if residues 

12, 66 and 83 remain as acceptor, reasonable affinity is recovered. 

It is submi t ted that this is evidence that hTNF1 was overengineered. 

In P67.6, residue 44 is a donor residue whereas claim 67 specifies 

that it should be an acceptor residue. I n the donor antibody in this 

case , residue 44 was a very unusual amino acid for that position and 

it was therefore felt that, in that particular case, the unusual 

amino acid s hould be adopted . 

At residue 77, which is specified as an acceptor residue, 101/4 and 

39D10 have t he donor residue . The change here in both cases is of 

a surface residue and is from leucine to valine. These are both 

hydrophobic residues and it is unlikely that this c hange will 

significantly affect the recovery of activity. 

In 101/4 residue 79 is donor whereas c l aim 67 specifies it as 

acceptor. The donor residue is tyrosine and the acceptor i s 

phenylalanine. This is a very conservative change and it is highly 

unlikely that this change will significantly affect the recovery of 

affinity. 

For residue 105, which should be acceptor, B1RR0001, CTMOl a nd 

P67.6 a ll have donor residues. Bl RR0001 gave very low recovery of 

affinity and it is believed that retaining the acceptor sequence at 

residue 105 would have improve the recovery of affinity . For the 

other two antibodies, the change is asparagine for g lutamine , a very 

conservative change. It is highly un l ikel y that this change will 

have had any significant effect on the recovery of affinity. 
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Heavy chain residue 78 is specified as donor. In 61E71 and hTNF3, 

it is acceptor. However, these antibodies have low recovery of 

affinity. The projects on these antibodies were terminated at an 

early stage. If residue 78 had been changed to donor, it is believed 

that better recovery of affinity would have been obtained. 

It is submitted that the data given i n the three Tables amply 

demonstrate that successful "superhumanisation" can be achieved by 

following the method of the invention. 

The Examiners expressed some concern that the language of the claims 

could read on naturally-occurring antibody heavy or light cha ins. 

The claims recite a "donor" antibody and an "acceptor" antibody as 

sources of residues in the heavy or l ight chains. Such an a ntibody, 

as claimed, cannot exist i n nature. There fore , the claims cannot 

read on a naturally-occurring antibody. 

It is submitted that the present c laims define inventive subject 

matter, for the reasons set forth in the Amendment mailed 19th 

January 1993. 

In view of the above amendments and discussion, the present 

application is believed to be in a condition ready for allowance. 

Reconsideration of the application is respectfully requested and an 

early Notice of Allowance is respectfully requested. 

Date: 

WOODCOCK WASHBURN KURTZ 
MACKIEWICZ & NORRIS 
one Liberty Place - 46th Floor 
Philadelphia, PA 19103 
(215) 568-3100 

Respectfully submitted, 

r:;,~~~~~ Signature 
Francis A. Paintin 
Registration No. 19,386 
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EU 
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SGI consensus 

~GIII col)aensus 

NEW 

NEW 

. NEW 

EU(PDL) 

c CONSERVED BETWEEN DONOR AND ACCEPTOR 

0 DONOR RESIDUE IN HUMANi~D FORM · 

A ACCEPTOR RESIDUE IN HW.ANIZED FORM 

SGI consensus means the acceptor sequence was. the consensus·· sequence of the human antibodies in subgroup I of ... the ·Kabat· et· al '1987 compend~Wll 

SGIII .consensus means the acceptor sequence was the consenSus 'sequence of the hunian· antibodies in subgrou·p III of the Kabat et a1· 1987 compendiWll 

EU(POLll is a modified form of the EU sequ~nce ·in· which certain residues .have· been altered to m4ke . the· a~quence more h~logous to ~he consensus 

sequence for the subgroup.· 
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P72 .3 ccccccccAcccAcccAAcccccDDDDDDD .. ... . DDDDccccAAccAcAccAcDDDDDDDcccccccccccccAcAAAcAcccAccAAAcccDDDDDDDDDccAccAcAcA REI 

OKT3 AcAAccccAAAcccAcAAccAccDDDDDD ..... .. DDDDccccAAcAAccDDccDDDDDDDcccAAcAccccccAcAAcccAAAAccAcccccDDDDDDDDOccAccccAcA REI 

OKT4a ccccccccccccccAcAAcccAcDDDDDDD . . . . . . DDDDcccDAcccAcAcccDDDDDDDDcAccccccccccAccAcAccAcAcccccccccDDDDDDDOOccAccccAcA REI 

BIRR0001 cDDcccccAAcAAcAccAAAcAcDDODDDDDDDDD.DDDDccAccAcAcccccCcDDDDDDDcccDccAccccccOCccAc~cADDcDcDDDDDDDDOccAcccAcAc EU 

ASB7 DDDDAcccAAccAcAcAAccAccDDDDDD . ... ..• DDDDcccccccAAccDAccDDDDDDDcccAcccccccccADAAcccAAAAccAcccccDDDDDDDDDccAcccAcAc LAY 

CTM01 ccAcccAAAAAAAAAcAAAAcAcDDODDDDDDDDD.DDDDcDAcAccAAcAccAcDDDDDDDcccAccDccccccAcccAAAAAAAAcAAAcccDDDDDDDDDccAcccAcAc EU 

P67 . 6 ·ccADccccAAcAAcAcAcAccAcDDDDDDDDDDD .• DDDDcDccAccAAccccDcDDDDDDDcccAccOccccccccAcAcAAAAAccAcAcAcDDDDDDDDOccAcccAcAc EU 

A33 ccAccccAAAAcAccccccAcccDDDDDDD ...... DDDDcccccccAAccDcccDDDDDDDcccAccAcccccccccAcccAAcAccDcAcDcDDDDDDDDOccAcccAccc LAY 

61E71 AcAcccAcAAcAAcAccccccccDDDDDDD . ..... DDDDccccAAcAAccAcccDDDDDDDcccAccAcccAcccAccccAAAcAccAcAcAcDDDDDDDDOccAccccAcA REI 

hTNF3 AcAcccAcAAcAAcAcccAccccDDDDDDO . ..... DDDDccccAccAAcAccccDDDDDDDcccAccAcccAcccAccccAAAcAccAcAcAcDDDDDDDDDccAccAcAcA REI 

101/ 4 DcDDccccAAAcccAcAAccAccDDDDDDD .... . . DDDDccccDccAAcAccccDDDDDDDcccAcccccccccAcAccccAAAAccAcccccDDDDDDDDOccAcccADcO REI 

hTNF1 ccDcAccccAcAAcccAAccAAcDDDDDDDDDDDDPDDDDcccccccDAccccDDDDDDDDDcccAccAccccccAcccccccAAAAcAcAcccDDDDDDDDDccAcAcAcDA REI 

39010 ccccccccAcccccAcAAAAcAcDDDDDDo· ... . .. DDDDcccccccAAcAccccODDDDDDccccccccccc~cAOAAAcccAccccAAAcAcDDDDDDDDDccAcccAcAc LAY 

!.243 ccccccccAcccAcccAAcccccDDDDDDD ...... DDDDccAccAccAcOccADDDDDDDDcccccccccccccDDAcAcAcccAcccAAcccDDDDDDDDDccAccAAccc SCI consensus 

HLT29 cccccccccccAccAccccccccDDDDDDD ...... DDDDcDccAcccAcDcDccDDDDDDDccccccccccccDccAcccAccAAccAcAcccDDDDDDDDDccAcccAccc SCI consensus 

· 01·.3 ccccccccAcccccccAAcccccDDDDDDD .. .... DDDDcccccAccAcAccAcDDDDDDDcccccccccccccAAAAAcAccccccAAAcccDDDDDD~DDccAcccAccc .REI (l.MB) 

CAMPATH-1 ccAccccccAccccccccccAAcDDDDDDD ...... DDDDcccccAcAAccccccDOODDDDcAccccccccccccccAcccccccccAcccAcDDDDDDDDDccAcccAcAc REI (l.MB) 

anti-TAC AcAAccccAAAcccAcAAcccccDDDDDD .... ... DDDDcAcccccAAcccAccDDDDDDDcccccccccccccAAA~cccAAAAAcAcccccDDDDDDDDDccAcccAcAc EU(PDL) 

123456789012345678901234567890abcdefl23456789012345678901234567890123456789012345678901234S6789012345678901234S67 

c CONSERVED BETWEEN DONOR AND ACCEPTOR 

D DONOR RESIDUE IN HUMANIZED FORM 

A ACCEPTOR RESIDUE IN HUMAijiZED FORM 

SCI consensus means the acceptor sequence was the consensus sequence of the human antibodies in subgroup I of the Kabat et al 1987 compendium 

REI(l.MB) is a modi fied form of the REI sequence in which certain residues have been altered to make the sequence more homologous· to the 

consensus s equence for the subgroup 

EUIPD!.ll is a modified form of the EU sequence in which certain residues have been altered to make the sequence more homologous to t he 

consensus sequence for the subgroup. 
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TABLE HUMANIZED ANTIBODIES 

ANTIBODY SPECIFICITY POTENCYl RELATIVE 
TO RODENT ANTIBODY 

% 
. ANTJ.:.l'UMOUR 

B72.3 
P67.6 

CTMOl 
ASB7 

Tumour associated glycoprotein 72 (TAG72) 

CD33 . · 

30 
85 

>100 
so 
15 A33 

Polymorphic ~plthelial mucin (PBM) 
Carctnoembryonlc antigen (CEA) 
Epithelial antigen 

ANTI-cYTOKINE. 
HTNFl 
101/4 
61671 

HTNF3 
HLT29 

39010 

. OKT3 
OKT4 

L243 . 

Tw:nour necrO$ls factor (TNf) u 

TNFu 

TNFO. 
TNFu 

Lymphotpxln (LT) 

lnterleukln·S 

CD3 
CD4 
MHCCLASSU 

. . . ' . . 

ANTI-ADHESION MOLECULE 
BIRR..OOl ICAM-1 

' ' ' ' 

1002 
302 

100; < 12 
. 100~ < 12 

·>· .702 

> 80 

ioo 
68 
60 

25 

1. POT~NCY IS MEASURED AS RElATIVE ABn.rtr 10 CO~E wrm THE RODENT 

. ... . AN'JJBODY FoR BINDING TO AN1'rGEN · • 

2. CYTOI\INE ~RALIZAllON ASSAY~ ANTIBODY BINDS TO CYTOKINE AND THE 
.COMPLEX. IS TEsTED FOR ABnnY TO AFFECT THE GROWTH OF L929 ·CmJ,s. ·' 

TOTA.. P.92 

. . . 
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OUAREF P07856EP/CPM/EK 

Dear Sirs, 

Re: European Patent Application No. 91901433.2 
Celltech Limited 

1. Accelerated Prosecution 

1.1. It is hereby requested that the above-referenced application 
be subjected to accelerated prosecution. The Examination Fee was 
paid on 23rd May 1991. It is requested that the first communi cation 
on Subs tantive Examination be issued as soon as possible. 

1. 2. The present application relates to 11 hurnanised" antibody 
molecules and to methods for producing them. In order to 11humanise 11 

an antibody, a donor antibody, generally a mouse monoclonal antibody, 
having a desired specificity is produced. The sequence of the 
variable domain in each of the heavy and light chai ns of the donor 
antibody is then determined. An acceptor antibody, usually a human 
antibody, is taken and the sequences of i t s va r iable domains are 
changed so that the complementarity determining regions (CDRs) and 
a number of the framework residues in the original acceptor antibody 
correspond to the equivalent residues in the donor antibody. I n this 
way, the antibody thus produced, which is a hybrid of donor and 
acceptor, has donor antigen-binding properties but mainly acceptor 
non-antigen-binding functions. 

1. 3 . The technique of humanising antibodies is growing in 
importance in the medical field. It is anticipated that the market 
for humanized antibodies for use in medical treatments will grow 
considerably over the next few years. 

1.4. The Applicant believes that the present application covers a 
pioneering invention in this field as it allows any combination of 
donor and a cceptor antibody to be us ed to produce the hybr id 
antibody. Moreover, it allows the production of a hybrid antibody 
having about the same (or in some cases better) affinity for the 
target antigen as the donor antibody. It is believed t hat these 
possibilities have not previously been available. 
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1.5. The Applicant is aware that there are a number of companies 
which are offering antibody humanization services. It is likely that 
the antibodies they produce will infringe valid claims to be granted 
on the present application. As evidence of the existence of such 
companies, I enclose copies of three extracts from SCRIP (of: 9/8/91, 
page 14; 19/2/92, page 15; and 12/2/93, page 11). These relate to 
one company which, the Applicant believes, is intending to 
commercialize at least one of its humanized antibodies in the near 
future. 

1.6. The Applicant would like to be .in a position to take action 
against the company mentioned in SCRIP, and any other similar 
company, as soon as possible in order to prevent its legitimate 
rights from being infringed. For the above reasons, it is submitted 
that the request for Accelerated Prosecution is justified. 

2. Affiendments 

2.1. In order to assist in accelerating the prosecution of this 
application, it is requested that the present claims be deleted and 
that new claims 1 to 20 (on new pages 67 to 74) (enclosed in 
triplicate) be used as the basis for substantive examination. 

2. 2. At present, no amendments to the description are offered. 
However, it is appreciated that it will be necessary to amend the 
description. It is suggested that it would be more efficient to 
agree on an allowable set of claims. Thereafter, the description can 
be amended to bring it into conformity with the agreed claims. 

2.3. on review of the Application, it was felt that the language 
of the claims might be imprecise, because it was not clear whether 
the specified residues were the only or the minimum number of 
residues to be donor residues. The Applicants have therefore amended 
the claims to make it clear that there is a minimum number of 
residues which have to be donor residues and a minimum number which 
have to be acceptor residues. Those residues which are not specified 
in the claims may be either donor or acceptor . 

2.4. In order to limit the issues raised in this case, the main 
independent claims have been limited to antibodies comprising both 
a heavy chain and a complementary light chain. Claims to the 
sepat;"ate chains have been cancelled. Also, claims relating to 
changes in the light chain have been made dependent on the main 
independent claims. 

2.5. Further, claims to DNA sequences, vectors, transformed host 
cells and methods of culturing such cells have been cancelled. 
Claim 23 has also been cancelled, in view of Article 52(4) EPC. 

2.6. Since claims have been cancelled in order to limit the issues 
in the present application, the Applicant reserves the right to file 
divisional applications relating to the deleted subject matter. 

2.7. Regarding new claim 1, it can be seen from the description 
(see page 6, line 29 to page 7, line 28; page 17, lines 9 to 11, 
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sections 2.1 to 2.3 bridging pages 17 and 18; Section 1 bridging 
pages 19 and 20; Sections 2.1.1, 2.2.1, 2.3.1 and 2.4.1 in the 
passage bridging pages 20 to 23; and Section 15.2.1 on pages 46 and 
47) that a number of residues are mentioned which can be considered 
for changing from acceptor to donor residues. It follows that if a 
residue has not been considered for changing, it must remain as in 
the acceptor chain. In order to make this clear, it has been 
specified in new claim 1 that all the unmentioned residues must be 
acceptor residues. 

2.8. As regards the recitation of the donor residues in new claim 
1, this comprises a combination of the minimum residues need to 
define the COR loops or the Kabat CDRs. For CDR1, this comprises 
residues 31 to 35 (see page 46, line 18) and for CDR2 this comprises 
residues 50 to 58 (see page 46, line 20). For CDR3, the Kabat 
definition of residues 95 to 102 was used (see page 17, line 11). 

2. 9. In addition, new claim 1 recites as donor residues those 
identified on page 20, line 25 and page 21, line 9 as being key 
residues outside the CORs • 

2.10. In new claim 1, it has been specified that residues 71, 73 
and 78 are all donor residues in order to ensure that new claim 1 is 
novel over the anti-TAC antibody disclosed in PNAS-USA, 86, 10029-
10033, 1989 (Queen) (cited in the International Search Report). This 
anti-TAC antibody has an acceptor residue at residue 73. However, 
as can be seen from page 7, lines 1 to 5, the Applicant considers 
that in general, residues 71, 73 and 78 can be either all donor or 
all acceptor. 

2.11. Claim 2 is based on page 15, line 27 and pages 55 to 59 of 
the description. Claim 3 is based on page 15, line 33 of the 
description. Claim 4 is based on page 15, line 31 and pages 25 to 
52 of the description. Claim 5 is based on page 15, line 31 and 
pages 53 and 54 of the description. Claim 6 is based on page 15, 
line 32 and pages 60 and 61 of the description . 

2.12. It is stated on page 7, lines 1 to 5 that residues 71, 73 and 
78 should all be either acceptor or donor. Claims 2 to 6 cover the 
first alternative and claim 7 covers the second alternative. 

2.13. Claim 8 increases the sizes of CDR1 and CDR2 to the prudent 
definition given on page 17, line 9 and page 20, lines 6 to 9. 

2.14. Claim 9 is based on the passage at page 20, lines 26 and 27. 
Claim 10 is based on the passage at page 21, lines 10 to 12. Claim 
11 is based on the passage on page 21, lines 13 to 16. 

2.15. Claim 12 is derived by taking all the donor residues mentioned 
in claims 1 and 7 to 11 and specifying that all apart from these 
residues are acceptor residues. 

2.16. Claim 13 is derived in the same way that present claim 1 was 
derived. The residues which can be donor residues are listed on page 
9, line 7 to page 10, line 15; page 17, lines 12 to 14; Section 3 
bridging pages 18 and 19; Section 2.1.2 on page 20; Section 2.2.2 on 
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page 21; Section 2.3.2 on page 22 and Section 2.4.2 on page 23. 

2.17. Claims 14 to 17 are based on the passage from page 9, line 7 
to page 10, line 11. 

2.18. Claim 18 is equivalent to original claim 22. 

2.19. Claims 19 and 20 put into claim format the Protocol set forth 
on pages 16 to 23 of the description in a way which is consistent 
with new claims 1 to 17. 

2. 20. It is therefore believed that all the claims are fully 
supported by the description. 

3. The Prior art 

3.1. In the International Search Report, the first cited document 
is EP-A-0 403 156 (Genzyme) . The present application claims a 
priority date of 21st December 1989. The Genzyme application was 
published on 19th December 1990 and therefore cannot be used as a 
citation under Article 54(2) EPC. It can be used as a citation under 
Article 54(3) EPC, but only as long as the relevant disclosures in 
the citation are entitled to a priority date earlier than that of the 
present application. 

3.2 . The Genzyme application claims priority from US Patent 
Applications Nos. 362 549 and 529 979. The ' 549 application was 
filed before the priority date of the present application but the 
'979 application was not. Therefore, only subject matter which is 
supported by the '549 application can be cited against the present 
application. We enclose a copy of the '549 application. 

3. 3. Reference is made to Examples 8 to 12 of the Genzyme 
application. Examples 8 to 11, at least as far as page 7, line 55 
of the Genzyme application, are equivalent to Examples 8 to 11 in the 
'549 application. However, these Examples relate solely to the 
production of chimeric antibodies, that is an antibody in which the 
whole variable domain is derived from a donor antibody. There is no 
disclosure of any antibody in which the variable domains comprise a 
mixture of donor and acceptor residues. Thus, these Examples do not 
deprive the present claims of novelty. 

3. 4. Example 12 and Tables 6A, 6B, 7A and 7B of the Genzyme 
application do not appear in the '54 9 application and thus cannot be 
cited against the present claims. 

3.5. It is therefore believed that the present claims are novel 
over the parts of the Genzyme application which are entitled to the 
date of the '549 application. 

3.6. Regarding the Queen article referred to above, this discloses 
a CDR-grafted antibody which has an acceptor residue at position 73 
in the heavy chain whereas new claim 1 requires a donor residue at 
this position. Thus, it is submitted that new claim 1 is novel over 
Queen. 
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3. 7. The antibody disclosed in the Queen article is directed 
against the p55 chain of the human interleukin 2 receptor. It does 
not have specificity for a tumour-specific antigen, an interleukin, 
the CD3 or CD4 antigen, or an adhesion molecule. It is therefore not 
specific for any of the types of antigen specified in claims 2 to 6. 
It is therefore submitted that all these claims are novel over Queen. 

3.8. Since claims 7 to 18 are dependent on claims 1 to 6, it is 
submitted that all these claims are novel over Queen. 

3.9. The Queen article discloses a method for "humanising" 
antibodies which involves molecular modelling and selection of 
residues to be changed to donor residues on the basis of comparisons 
of molecular models. This is an entirely different process from the 
one set forth in claims 19 and 20. Thus, these claims are novel over 
Queen. 

3. 10. In fact, there is nothing in the Queen paper which even I 
suggests that it might be possible to determine a hierarchy of 
residues to be changed to donor which will work for any antibody with 
any framework. The disclosure in Queen suggests that each donor 
antibody needs to be treated as an individual case in comparison with 
the acceptor antibody. There is no suggestion that results obtained 
with one pair of donor and acceptor antibodies could be applied 
successfully to a different pair of antibodies. In contrast, the 
present invention shows that it is possible to apply general rules 
to any pair of antibodies in the expectation of success. 

3.11. It is therefore submitted that the prese nt claims are both 
novel and inventive over Queen. 

3.12. EP-A-0 239 400 (Winter) is also cited in the International 
Search Report. The basic disclosure in the Winter application is 
limited to grafting only the CDRs from one antibody to another. All 
the Examples in the Winter application relate to this. There is a 
passage in the Winter application which indicates that it may be 
necessary to alter some framework residues. However, there is no 
guidance at all as to which residues should be changed or as to how 
such residues should be selected. There is certainly no suggestion 
that there is a hierarchy of residues which should be considered. 
Thus, it is submitted that the present claims are both novel and 
inventive over the Winter application. 

3.13. It is believed that none of the other documents cited in the 
International Search Report is more relevant to the present claims 
than the three documents referred to above. Therefore, no discussion 
of any of these documents is provided. However, the Applicant would 
be pleased to address any concern the Examiner may have in this 
respect. 

4. Procedure 

4.1. It is suggested that, once the Examiner has had an opportunity 
to study the file and familiarize himself with the case, it would be 
useful to hold an interview to address any concerns that the Examiner 
may have. If, after consideration of the file, the Examiner agrees 
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with this suggestion, it is requested that the Examiner sends out a 
Communication identifying any areas of concern and any documents 
which need to be discussed so that the Applicant can address those 
points fully. 

4.2. If the Examiner feels that prosecution could be expedited in 
any other way, he is requested to telephone the undersigned to 
discuss the matter. 

4. 3. As a precautionary measure, the Applicant hereby requests Oral 
Proceedings, in the event that the Examining Division should feel 
mi~ded to refuse the application. 

Your faithfully, 

cg~ --
_ __. ; 

MERCER. CHRISTOPHER PAUL 
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1. An antibody molecule having affinity for a 

predetermined antigen and comprising a composite heavy chain 

5 and a complementary light chain, said composite heavy chain 

having a variable domain comprising acceptor antibody heavy 

chain framework residues and donor antibody heavy chain 

antigen-binding residues, said donor antibody having 

affinity for said predetermined antigen, wherein, according 

10 to the Kabat numbering system, in said composite heavy 

chain, amino acid residues 5, 8, 10, 12 to 17, 19, 21, 22, 

40 , 42 to 44, 66, 68, 70, 74, 77 , 79, 81, 83 to 85, 90, 92, 

4t 105, 109, 111 and 113 at least are acceptor residues and 

amino acid residues 23, 24, 31 to 35, 49 to 58, 71, 73, 78 

tt 15 and 95 to 102 at least are donor r e sidues. 

• • 

2. A tumour-specific antibody molecule having affinity 

for a predetermined tumour antigen and comprising a 

composite heavy chain and a complementary light chain, said 

20 composite heavy chain having a variable domain comprising 

acceptor antibody heavy chain framework residues and donor 

antibody heavy chain antigen-binding residues, said donor 

antibody having affinity for said predetermined tumour 

antigen, wherein, according to the Kabat numbering system, 

25 in said composite heavy chain, amino acid residues 5, a, 10, 

12 to 17, 19, 21, 22, 40, 42 to 44 , 66, 68, 70, 74, 77, 79 , 

81, 83 to 85, 90, 92, 105, 109, 111 and 113 at least are 

acceptor residues and amino acid residues 23, 24, 31 to 35, 

49 to 58 and 95 to 102 at l east are donor residues . 

30 

3. An interleukin-specific antibody molecule having 

affinity for a predetermined interleukin and comprising a 

composite heavy chain and a complementary light chain, said 

composite heavy chain having a variable domain comprising 

35 acceptor antibody heavy chain framework residues a nd donor 

antibody heavy chain antigen-binding residues, said donor 

antibody having affinity for said predete rmined interleukin 

wherein, according to the Kabat numbering system, in said 

I 
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