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and cells were selected for gpt expression. Clones were 
screened by assaying human antibody production in the culture 
supernatant by ELISA, and antibody was purified from the best
producing clones. Antibody was purified by passing tissue 

s culture supernatant over a column of staphylococcal protein A~ 

Sepharose CL-4B (Pharmacia). The bound antibodies were e~uted 
with 0.2 M Glycine-HCl, pH 3.0 and neutralized with 1 M Tris 
pH a.o. The buffer was exchanged into PBS by passing over a 
PD10 column (Pharmacia:). 

10 The binding of the humanized antibodies to cell 

types expressing the corresponding antigens was tested: 
HSV-infected cells for Fd79 and Fdl38-BO, 0937 cells for M195, 
YTJB cells for mik-Pl and CMV-infected cells for CMVS. By 
fluorocytometry, the humanized antibodies bind approximately 

15 as well as the original mouse antibodies and the corresponding 
chimeric antibodies. Moreover, the humanized antibodies 
compete approximately as well as the corresponding mouse 
antibodies against the radiolabeled mouse antibodies for 
binding to the cells, so the humanized antibodies have 

20 approximately the same binding affinity as the mouse 
antibodies, typically within about 2-fold or better,~' 
e.g., _'],'able 2. 

25 

30 

35 

TABLE 2 

Binding affinities of murine and humanized antibodies. 

Mouse Humanized 

K (M-1) K (M-1) 
a a 

Fd79 (anti-gB) 1.1 X 108 5.3 X 107 

Fdl38-80 (anti-gD) 5.2 X 107 4.8 X 107 

From the foregoing, it will be appreciated that the 
humanized immunoglobulins of the present invention offer 

40 numerous advantages over other antibodies. In comparison to 
other monoclonal antibodies, the present humanized 
immunoglobulin can be more economically produced and contain 
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substantially less foreign amino acid sequences. This reduced 
likelihood of antigenicity after injection into a human 
patient represents a significant therapeutic improvement. 

A detailed description of each humanized 

5 immunoglobulin follows. 

Example I 
Humanized Immunoqlobulins to p75 

In mammals, the immune response is mediated by two 
10 types of cells that interact specifically with foreign 

material, i.e., antigens. One of these cell types, B-cells, 
are responsible for the production of antibodies. The second· 
cell class, T-cells, include a wide variety of cellular 
subsets controlling the in vivo function of both B-cells arid a 

15 wide variety of -other hematopoietic cells, including T-cell~-. 
(See, generally,_ Paul, W.E., ed., Fundamental Immunology, 2nd 
ed., Raven Press, New York .(1989).) 

One way in which T-cells exert this control is 
through the production of a lymphokine known as interleukin-2 

20 (IL-2) , originally named T-cell growth factor. . IL-2 1 s prime · .. 

function appears to be the stimulation and maintenance of T
cells. Indeed, some immunologists believe that IL-2 may be.at 

. \ 

the center of the entire immune response(~, Farrar, J., e~ 
al., Immunol. Rev. 63, 129-166 (1982)). 

25 To exert its biological effects, IL-2 interacts ·with'. · 

30 

35 

a specific high-affinity membrane receptor (Greene, w., et 
al., Progress in Hematology XIV, E. Brown, Ed., Grune and 
Statton, New York (1986}, at pgs. 28.3 ff and Waldmann, &:m.:. 
Rev. Biochem. 58, 875 (1989)). The human IL-2 receptor is·,a 
complex multichain glycoprotein, with one chain, known as the 
Tac peptide or alpha chain, being about 55kD in size (see, 
Leonard~ W., et al._, J. Biol. Chem. 260, 1872 (1985)). The 
second chain is known as the p75 or beta chain (Tsudo et a~., 

Proc. Nat. Acad. sci. USA, 83, 9694 (1986) and Sharon et al., 

Science 234, 859 (1986)). The p55 or Tac chain and the p75 
chain each independently bind IL-2 with low or intermediate 

affinity, while the IL-2 receptor complex of both chains binds 
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IL-2 with high affinity. The p75 chain of the human IL-2 
receptor will often be called herein simply the p75 protein. 

Much of the elucidation of the human IL-2 receptor's 

structure and function is due to the development of 

5 specifically reactive monoclonal antibodies. In particular, 
one mouse monoclonal antibody, known as anti-Tac (Uchiyama, et 

al., J. Immunol. 12.§., 1393 (1981)) has been used to show that 
IL-2 receptors can be detected on T-cells, but also on cells 
of the monocyte-macrophage family, Kupffer cells of the liver, 

10 

15 

Langerhans' cells of the skin and, of course, activated T

cells. Importantly, resting T-cells, B-cells or circulating 
macrophages.typically do not display the IL-2 receptor 
(Herrmann, et al., J. Exp. Med. 162, 1111 (1985)). Another 
antibody, mik-,61, binds to the p75 chain (Tsudo et al.·, Proc. 
Nat. Acad. Sci. USA 86, 1982 (1989)). 

The anti-Tac monoclonal antibody has also been used 
to define lymphocyte functions that require IL-2 interaction, 
and has been shown to inhibit various T-cell functions, 
including the generation of cytotoxic and suppressor T 

20 lymphocytes in cell culture. Also, based on studies with 
anti-Tac and other ant~bodies, a variety of disorders are now 
associated with improper IL-2 receptor expression by T-cells, 
in particular adult T-cell leukemia. 

More recently, the IL-2 receptor has been shown to 
25 be an ideal target for novel therapeutic approaches to T-cell 

mediated diseases. It has been proposed that IL-2 receptor 
specific antibodies, such as the anti-Tac monoclonal antibody 

or mik-,61, can be used either alone or·as an·immunoconjugate 
(~, with Ricin A, isotopes and the like) to effectively 

30 remove cells bearing the IL-2 receptor. These agents can, for 
example, theoretically eliminate IL-2 receptor-expressing 
leukemic cells, certain B-cells, or activated T-cells involved 
in a disease state, yet allow the retention of mature normal 
T-cells and their precursors to ensure the capability of 

35· ·mounting a normal T-cell immune response as needed. In 

general, most other T-cell specific agents can destroy 

essentially all peripheral T-cells, which limits the agents' 
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therapeutic efficacy. Overall, the use of appropriate 
monoclonal antibodies specific for the IL-2 receptor may.have. 

therapeutic utility in autoimmune diseases, organ 
transplantation and any unwanted response by activated T-
cells. Indeed, clinical trials have been.initiated using, 
Jh.9.:.., anti-Tac antibodies (Kirkman et al., Transplant. Proc.· 

ll, 1766 (1989) and Waldmann et al., Blood 72, 1805 (1988)). 
Unfortunately, the use of anti-Tac, mik-Pl ·and other'

non-human monoclonal antibodies have certain drawbacks, 
10 particularly in repeated therapeutic regimens as explained , 

below. Mouse monoclonal antibodies, for example, generally d9 
not fix human complement well, and lack other important 
immunoglobulin functional characteristics when used in humans. 
Perhaps more importantly, anti-Tac, mik-Pl and other non~huinan 

15 monoclonal antibodies contain substantial stretches of amino 
acid sequences that will be immunogenic when injected into a · .. 

human patient. 
In accordance with the present invention, human-l~ke 

immunoglobulins specifically reactive with the p75 chain of\ 
20 the human IL-2 receptor are provided. These immunoglobulins, 

which have binding affinities of at least 107 to 108 M-1
, and 

prefe~~bly 109 M-1 to 1010 M-1 or stronger, are capable of, ~, \ 
blocking the binding of IL-2 to human IL-2 receptors. The '. 
human-like immunoglobulins will have a human-like framework 

25 and can have complementarity dete~ining regions (CDR's) from 
an immunoglobulin, typically a mouse immunoglobulin, 

specifically reactive with an epitope on p75 protein. The 
immunoglobulins of the·present invention, which can be 
produced economically in large quantities, find use, for 

30 example, in the treatment of T-cell mediated disorders in 
human patients by a variety of techniques. 

• 

In one aspect, the present invention is directed to 
recombinant DNA segments encoding the heavy and/or light c;::hain. 
CDR 1 s from an immunoglobulin capable of binding to a desired 

'·. 

35 epitope on the human IL-2 receptor, such as the mik-Pl 
monoclonal antibody. The DNA segments encoding these regions 

will typically be joined to DNA segments encoding appropriate 

• 
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human-like framework regions. Exemplary DNA sequences, which 
on expression code for the polypeptide chains comprising the 
mik-Pl heavy and light chain CDRs, are included in Fig. 7. 

Due to codon degeneracy and non-critical amino-acid 
5 substitutions, other DNA sequences can be readily substituted 

for those sequences, as detailed above. 

The antibodies will typically find use individually 

in treating a T-cell mediated disease state. Generally, where 
the cell linked to a disease has been identified as IL-2 

10 receptor bearing, then the human-like antibodies capable of 

blocking the binding of IL-2 to the human IL-2 receptor are 
suitable{~, u.s.s.N. 085,707, entitled "Treating Human 
Malignancies and Disorders.") For example, typical disease 
states suitable for treatment include graft-versus-host 

15 disease and transplant rejection in patients undergoing an 

organ transplant, such as heart, lungs, kidneys, liver, etc. 
Other diseases include autoimmune diseases, such as Type I 
diabetes, multiple sclerosis, rheumatoid arthritis, systemic 
lupus erythematosus, and myasthenia gravis. 

20 The human-like antibodies of the present invention 
may also be used in combination with other antibodies, 
particularly human monoclonal antibodies reactive with other 
markers on cells responsible for the diseas·e. · For example, 
suitable T-cell markers can include those grouped into the so-

25 called "Clusters of Differentiation," as named by the First 
International Leukocyte Differentiation Workshop, Leukocyte 
Typing, Bernard, et al., Eds., Springer-Verlag, N.Y. (1984). 

A preferred use is the simultaneous treatment of a patient 

with a human-like antibody binding to p55 and a human-like 

30 antibody binding to p75 of the IL-2 receptor, i.e., humanized 
anti-Tac plus humanized mik-p1. 

Human-like antibodies of the present invention can 
further find a wide variety of utilities in vitro. By way of 
example, the antibodies can be utilized for T-cell typing, 

35· for isolating specific IL-2 receptor bearing cells or 
fragments of the receptor, for vaccine preparation, or the 
like. 
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EXPERIMENTAL 

Cloning of heavy chain and light chain cDNA. 

PCT/US91/0971 I 

cDNAs for the heavy chain and light chain variable domain 
genes were cloned using anchored polymerase chain reactions, 
(E.Y. Loh et al., science 243, 217 (1989)), using 3' primers , 
that hybridized to the constant regions and contained HindIII 
sites, and 5 1 primers that hybridized to the dG tails and 

contained EcoRI sites (scheme shown in Fig. 6). The PCR 
amplified fragments were digested with EcoRI and HindIII and_ 
cloned into the pUC19 vector for sequencing. For mik-Pl, two· 
gamma-2a specific and two kappa specific clones were 
sequenced. The two gamma-2a clones and two kappa clones are 
respectively identical in sequence. The cDNA variable domain 

15 sequences and the deduced amino acid sequences are shown in 
Fig. 7. 

Construction and expression of chimeric antibody. 
Two plasmid vectors were prepared for construction\ 

20 and expression of the chimeric antibody genes. The plasmid 
pVgl-dhfr (Fig. SA) contains a·human cytomegalovirus IEl 
promoter and enhancer (M. Boshart et al., Cell 41, 521 
(1985)), the human genomic C~l segment including part of the. 
preceding intron, and a dihydrofolate reductase (dhfr) gene 

25 (Simonsen et al., Proc. Natl. Acad .. Sci. USA so, 2495 (1983)) 
for selection. The plasmid pVk (Fig. SB) is similar to 
pVgl-dhfr but contains the human genomic c~ segment and the 
gpt gene. Derivatives of the mik-Pl heavy and light chain 
variable regions were prepared from the cDNAs by polymerase 

30 chain reaction. The 5' primers hybridized to the v regions 
starting at the ATG codons and contained XbaI sites; the 3' 
primers hybridized to the last 15 nucleotides of the J regions 
and contained splice donor signals and XbaI sites (.§ll, c. 
Queen et al., Proc. Natl. Acad. Sci. USA 86, 10029 (1989)) .\ 

\ 

35 The modified V regions were cloned into the XbaI sites of the 
respective plasmid vectors between the CMV promoter and the 
partial intrans of the constant regions. 

~-. 

• 
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For expression of the chimeric antibody, the heavy 
chain and kappa chain plasmids were transfected into Sp2/0 
mouse myeloma cells by electroporation and cells selected for 
gpt expression. Clones secreting a m~ximal amount of.complete 
antibody were detected by ELISA. Purified chimeric mik-Pl 

antibody was shown to bind to YTJB cells, which express the 
p75 antigen, by flow cytometry (Fig. 9). 

Computer modeling of humanized antibodies. 

In order to retain high binding affinity in the 

humanized antibodies, the general procedures of Queen et al. 
were followed (C. Queen et al., Proc. Natl. Acad. Sci. USA 86, 
10029 (1989)). The more homologous a human antibody is to the 
original murine antibody, the less likely will combining the 

15 murine CDRs with.the human framework be to introduce 
distortions into the CDRs that could reduce affinity. 
Normally the heavy chain and light chain from the same human 
antibody are chosen to provide the framework seqeunces, so as 

to reduce the possibility of incompatibility in the assembling 
20 of the two chains. Based on sequence database (performed with 

the MicrorGenie Sequence Analysis Software (Beckman)), the 
antibody Lay was chosen to provide the framework sequences for 
humanization of mik-Pl. 

The computer program ENCAD (M. Levitt, J. Mol. Biol. 

25. 168, 595 (1983)) was used to construct a model of the mik-Pl 
variable region. The model was used to determine the amino 
acids in the mik-Pl framework that were close enough to the 
CDRs to potentially interact with them (category 4 below). To 
design the humanized light and heavy chain mik-Pl variable 

30 regions, at each.position the amino acid was chosen to be the 

same as in the Lay antibody, unless th_at position fell in one 
or more of five categories: 

35 

(1) The position fell within a CDR, 
(2) The Lay amino acid was unusual for human 

antibodies at that position, whereas the mik-Pl 
amino acid was typical for human antibodies at 

that position. 
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(3) The position was immediately adjacent to a CDR;, 
(4) The model described above suggested that the 

amino acid may be physically close to the 
antigen binding region (CDRs). 

5 For positions in these categories, the amino acid from the 

(mouse) mik-Pl antibody was used. In addition, a position was.~ 

in the fifth category if 

10 

(5) The Lay amino acid was highly unusual for human 
antibodies at that position, and the mik-P~ 
amino acid was different but also unusual. ·. 
Then an amino acid typical for human antibodies 
at that position may be used. 

The amino acids in each category are shown in 
Table 3. some amino acids may be in more than one category. 

15 The final sequences of the humanized mik-Pl light and heavy 
chain variable domains are shown in Fig. 10, compared with the 
Lay sequences. 

20 

25 

TABLE 3 

Category Light Chain Heavy Chain 
1 24-33, 49-55, 88-96 31-35, 50-65, 98-108' 

2 13 84, 89, 90 

3 30, 49 

4 70 29,· 30; 72, 73 
5 41 1 

For the construction of genes for the humanized 
antibodies, nucleotide sequences were selected that encode the 
protein sequences of the humanized heavy and light chains, 

including the same signal peptides as in the mouse mik-Pl. 
30 chains (Fig. 7), generally utilizing codons found in the mquse 

sequence. Several degenerate codons were changed to create· 
restriction sites or to remove undesirable ones~ The 
nucleotide sequences also included the same splice donor 

signals used in the chimeric genes and an XbaI site at each. 
35 end. Each gene was constructed from four overlapping 

synthetic oligonucleotides. For each variable domain gene, 

two pairs of overlapping oligonucleotides on alternating 

.. 

.. 
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strands were synthesized that encompassed the entire coding 
sequences as well as the signal peptide and the splice donor 
signal (Fig. 11). The oligonucleotides were synthesized on an 
Applied Biosystems 380B DNA synthesizer. Each oligo was about 

5 110-140 base long with about a 20 base overlap. Double 
stranded DNA fragments were synthesized with sequenase from 

each pair of oligonucleotides, digested with restriction 

enzymes, ligated to pBluescriptII KS(+) (Stratagene) vector 
and sequenced. Two fragments with the respectively correct 

10 half-sequences were then ligated into the Xb~I sites of the 

pVgl-dhfr or pVk expression vectors. In vitro mutagenesis was 
used to change an Ala amino acid originally encoded by 
oligonucleotide wps54 to the Glu (E) at position l of the 
humanized heavy chain (Fig. lOB) by changing the nucleotides 

15 CT to AG. Reactions were carried out under conditions well
known in the art (Maniatis et al., ge .. _gjj;.) 

The heavy chain and light chain plasmids were 
transfected into Sp2/0 mouse myeloma cells by electroporation 
and cells were selected for gpt expression. Clones were 

20 screened by assaying human antibody production in the culture 
supernatant by ElISA, and antibody was purified from the best
producing clones. Antibody was purified by passing tissue 
culture supernatant over a column of staphylococcal protein A

Sepharose CL-4B (Pharmacia). The bound antibody was eluted 
25 

30 

with 0.2 M Glycine-HCl, pH3.0 and neutralized with 1 M Tris 

PHS.O. The buffer was exchanged into PBS by passing over a 
PD10 column (Pharmacia). 

Properties of humanized antibodies. 
The humanized mik-Pl antibody was characterized in 

comparison to the murine and chimeric antibodies. The 

humanized antibody bound to YTJB cells, which express p75 
chain at a high level, in a fluorocytometric analysis in a 

manner similar to the chimeric antibody (Fig. 9), showing that 
35 it recognizes the same p75 protein. 

The affinity of the humanized antibody was 

determined by competition with the radio-iodinated mouse 

BIOEPIS EX. 1002 
Page 2009



5 

WO 92/11018. PCT/US91/0971 l 

48 

mik-Jfa antibody (Fig. 12). The binding affinities were 
calculated according to.the methods of Berzofsky (J.A. 
Berzofsky and I.J. Berkower, in Fundamental Immunology (ed~ 
W.E. Paul), Raven Press (New York), 595 (1984)). The binding -~ 
affinity of the humanized mik-Pl antibody was within about 2-
fold of the affinity of the mouse mik-P1 antibody. 

The ability of humanized mik-Pl plus humanized anti-' 
Tac antibody (see, W090/07861 published July 26, 1990) to 
inhibit IL-2 stimulated proliferation of human lymphocytes was 

10 determined. Human mononuclear cells, collected from human 
blood by centrifugation on Ficoll-Paque (Pharmacia}, were. 

diluted to 2 x 106 cells/ml in RPM! medium+ 10% fetal calf 
serum (FCS). A 1/200 volume of phytohemagglutinin P (Difeo). 
was added and the cells were incubated for 4 days. The.cells 

15 were incubated an additionai 4 days in RPMI + 10% FCS + 10 
u/ml IL-2. 105 of these PHA activated blasts were then 
incubated with or without 2 µg each of humanized mik-Pl and· . 

humanized anti-Tac in 150 µl of RPMI + 10% FCS in wells of a. 
96-well plate for 1 hr, to which various dilutions of IL-2 

20 (Amgen) were then added in 50 µl medium. The cells were 
incubated 48 hr, 0.5 µCi methyl-3H-thymidine (Amersham, 82 Ci/ 
mmol) was added, and the cells were incubated 24 hr. Cells 
were harvested with a cell harvester and radioactivity 
determined. The combination of the antibodies greatly 

25 inhibited proliferation of the cells in response to IL-2 (Fig. 
13), suggesting a combination of the antibodies will have 
strong immunosuppressive properties. Humanized mik-Pl plus 
humanized anti-Tac inhibited proliferation much more strongly 
than did either antibody alone. 

30 

Example II 
Humanized Immunoglobulins to HSV Antigens 

Herpes Simplex Virus types I and II _(HSV-1 and Hsv~ 
2) , are now estimated to be the second most frequent cause ot·. 

35 sexually transmitted diseases in the world. Although 
completely accurate data are not available, infection 

estimates range from about 20 to 40% of the U.S. population.· 
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A large number of diseases, from asymptomatic to 

life-threatening, are.associated with HSV infection. Of 
particular clinical interest, encephalitis from HSV-1 
infection and transmission of HSV-2 from a pregnant mother to 

5 her fetus are often fatal. Immunosuppressed patients are also 
subject to severe complications ·when infected with the virus. 

More than 50 HSV polypeptides have been identified 

in RSV-infected cells, including at least seven major cell 
surface glycoproteins (~, Whitley, R.~ Chapt. 66, and 

10 Roizman and Sears, Chapt. 65, Virology, Eds. Fields et al., 

2nd ed., Raven Press, N.Y., N.Y. (1990)). The specific 
biologic functions of these glycoproteins are not .well 
defined, although gB and gD have been shown to be associated 

with cell fusion activity (W. Cai et al., J. Virol. 62, 2596 

15 (1988) and Fuller and Spear, Proc. Natl. Acad. Sci. USA 84, 
5454 (1987)). gB and gD express both type-specific and type
common antigenic determinants. Oakes and Lausch demonstrated 
that monoclonal antibodies against gB and gE suppress 
replication of HSV-1 in trigeminal ganglia (Oakes and Lausch, 

.20 J. Virol • .al., 656 (1984)). Dix et al. showed that anti-gc and 
gD antibodies protect mice against acute virus-induced 
neurological disease (D_ix et al., Infect. Immun. 34, 192 

(1981)). Whitley and colleagues produced a panel of murine 

monoclonal antibodies against HSV-1 and showed that several of 
25 the antibodies protected mice against encephalitis and death 

following ocular inoculation with the virus(~, Koga et al., 
Virology 151, 385 (1986); Metcalf et al., cur. Eye Res.~, 173 

(1987) and Metcalf et al., Intervirology 29, 39 1988)). Clone 

Fd79 (anti~gB) prevented encephalitis even when immunization 
30 was delayed until 48 hours post-infection. Fd79 and Fdl38-80 

(anti-gD) significantly reduced the severity of epithelial 
keratitis and lowered the frequency of persistent viral 
infection in an outbred mouse model. 

In accordance with the present invention, humanized 
35 ·immunoglobulins specifically reactive with HSV related 

epitopes either directly on the virus or on infected cells are 

provided. These immunoglobulins, which have binding 
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affinities to HSV specific antigens of at least about 107 M-1
, 

and preferably 108 M""1 to 1010 M-1 or stronger, are capable of,·, 

~, protecting cells from HSV transmission. The humanized ·. 

immunoglobulins will have a human framework and will have one 
s or more complementarity determining regions (CDR's) from ari 

immunoglobulin, typically a mouse immunoglobulin, specifica1·1y 
reactive with an HSV protein, such as gB and gD proteins. The 
immunoglobulins of the present invention, _which can be 

produced economically in large quantities, find use, for 
10 example, in the treatment of HSV mediated disorders in human 

patients by a variety of techniques. 
The HSVs are among the most intensively investigated 

of all viruses, and the HSV virion structure has been shown to 
contain about 33 proteins. Humanized immunoglobulins 

15 utilizing CDR's from monoclonal antibodies reactive with th~se 

proteins, particularly the eight surface glycoproteins (e.g., 
gB, gC, gD, gE, gG, gH and gI), represent preferred 
embodiments of the present invention (~, Spear, P. G. , The·. 
Herpesviruses, vol. 3, pp. 315-356 (1984) (Roizman, B., ed), · 

20 Plenum Press, N.Y., N.Y. and Spear, P.G., Immunochemistrv.of 
Viruses. The Basis for Serodiagnosis and Vaccines, pp. 425-
446 (1985) (Neurath, A.R., eds.),.Amsterdam: Elsevier). 

In one aspect, the present invention. is directed to 

recombinant DNA segments encoding the heavy and/or light chairi 
25 COR's from an immunoglobulin capable of binding to a desired 

epitope of an HSV protein, such as monoclonal antibodies 
reactive with HSV gB and gD glycoproteins. The DNA segments· 
encoding these regions will typically be joined to DNA 

segments encoding appropriate humanized framework regions.· 
30 Exemplary DNA sequences code for the polypeptide chains 

comprising the heavy and light chain hypervariable regions 

.(with human framework regions) from monoclonal antibodies Fd79 
and Fdl38-80, shown in Fig. 14. Due to codon degeneracy and 
non-critical amino-acid substitutions, other DNA sequences can 

35 be readily substituted for those sequences, as detailed below.·. 
Any humanized immunoglobulins of the present 

invention may also be used in combination with other 

" 
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antibodies, particularly humanized antibodies reactive with 
different HSV antigens. For example, suitable HSV antigens to 
which a cocktail of humanized immunoglobulins may react 
include gc, gE, gF, gG and gH (~, Rector, J. et al., Infect. 
Immun. 2§., 168 (1982) and·Fuller, A. et al., J. Virol. 63, 

3435 (1989)) • 
The antibodies can also be used as separately 

administered compositions given in conjunction with acyclovir 
or other antiviral agents. Typically, the agents may include 

10 idoxuridine or trifluorothymidine, but numerous additional 
agents (!h.!L., vidarabine) well-known to those skilled in the 
art for HSV treatment may also be utilized (see, Corey, L., 

.QR..:. cit.). A preferred pharmaceutical composition of the 
present invention comprises the use of the subject 

15 immunoglobulins in immunotoxins to kill cells infected by HSV. 
These humanized antibodies can further find a wide 

variety of utilities .in vitro. By way of example, the 
antibodies can be utilized for detection of HSV antigens, for 

isolating specific HSV infected cells or fragments of the 
20 virus, for vaccine preparation, or the like. 

EXPERIMENTAL 

Cloning of heavy chain and light chain cDNA. 
cDNAs for the heavy chain and light chain variable 

25 domain genes were cloned using anchored polymerase chain 
regions (E.Y. Loh et al., Science 243, 217 (1989)), using 3' 
primers that hybridized to the constant regions and contained 
HindIII sites, and 5 1 primers that hybridized to the dG tails 
and contained EcoRI sites (scheme shown in Fig. 6). This 

30 method yields clones with authentic variable domain sequences, 
in contrast to other methods using mixed primers designed to 
anneal to the variable domain sequence (J.W. Larrick et al., 

Bio/Technology 2, 934 (1989) and Y.L. Chiang et al., BioTech. 
1, 360 (1989)). The PCR amplified fragments were digested 

35 with EcoRI and HindIII and cloned into the pUC18 vector for 
sequencing. For Fd79, two gamma-1 specific and 5 kappa 

specific clones were sequenced. The two gamma-1 specific 
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clones are identical in sequence. This heavy chain cDNA 
fragment encodes a signal peptide of 19 amino acids, a V 
region in mouse heavy chain subgroup IIIB, a D segment, and a 
JBl segment with 4 alterations compared to the genomic JH1 

5 sequence. The deduced amino acid sequence is shown in Fig. 

14A. 

The five kappa specific clones belong to two groups. 

Two clones are identical and encode a kappa chain in which the 
conserved amino acid 23 cysteine has been substituted by a 

10 tyrosine, probably representing the non-productive allele •. 
The other three clones have an identical sequence encoding a 
signal peptide sequence of 20 amino acids, a V region in mouse 
kappa chain subgroup III, and a Jk2 segment with a single 
alteration compared_ to the genomic Jk2 sequence (Fig. 14B). 

15 The validity of the heavy chain and the kappa chain sequences 
was subsequently confirmed by the construction and expression 
of a chimeric antibody as discussed below. 

The heavy chain and the kappa chain of FdlJS-80 were. 
cloned similarly. Three clones each of the heavy chain and 

20 the kappa chain were sequenced~ All three heavy chain clon~s 
have an identical sequence encoding a signal peptide sequence. 
of 19.~ino acids, a V region in mouse heavy chain subgroup 
II, a D segment and the JH3 segment (Fig. 14C). The three· 
kappa clones are also identical in sequence. This light chain 

25 fragment encodes a signal peptide sequence of 20 amino acids;, 

30 

35 

a V region gene in mouse kappa chain subgroup V and the Jk5 
segment (Fig. 14D). Both chains shown no irregularities in. 
coding sequence; their validity was subsequently confirmed by 
construction and expression of a chimeric antibody. 

Construction and expression of chimeric antibodies. 

Two plasmid vectors were prepared for construction·. 
and expression of the chimeric antibody genes. The plasmid 
pVgl (Fig. 15A) contains a human cytomegalovirus IE1 promoter 
and enhancer (M. Boshart et al., Cell 41, 521 (1985)),·the 

human genomic c11 segment including part of the preceding 
intron, and the hygromycin gene (Blochlinger et al., Mol .. 

·. f 

~ .. 
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Cell. Biol.~, 2929 (1984)) for selection. The plasmid pVk 

(Fig. lSB) is similar to pVgl but contains the human genomic c~ 
segment and the gpt gene. Derivatives of the Fd79 and Fd138-

80 heavy and light chain variable regions were prepared from 
5 the cDNAs by polymerase chain reaction. The 5 1 primers 

hybridized to the V regions starting at the ATG codons and 

contained XbaI sites; the 3' primers hybridized to the last 15 

nucleotides of the J regions and contained splice donor 
signals and XbaI sites(~, c. Queen et al., Proc. Natl. 

10 Acad. Sci. USA 86, 10029 (1989)). The modified V regions were 
cloned into the XbaI sites of the respective plasmid vectors 

between the CMV promoter and the partial introns of the 
constant regions. 

For expression of the chimeric antibodies, the heavy 

15 chain and kappa chain plasmids were transfected into Sp2/0 

mouse myeloma cells by electroporation and cells selected for 
gpt expression. Clones secreting 
antibody were detected by ELISA. 
Fdl38-BO antibodies were shown to 

a maximal amount of complete 
Purified chimeric Fd79 and 
bind to HSV-1 infected vero 

20 cells by flow cytometry. Viral neutralization assays also 
indicated that the chimeric antibodies retain the 
neutralization activities of the murine antibodies (data not 
shown, but see below for similar results with humanized 
antibodies). 

25 

Computer modeling of humanized antibodies. 

In order to retain high binding affinity in the 

humanized antibodies, the general procedures of Queen et al. 

were followed (C. Queen et al., Proc. Natl. Acad. Sci. USA 86, 

30 10029 (1989)). The more homologous a human antibody is to the 
original murine antibody, the less likely will combining the 

murine CDRs with the human framework be to introduce 

distortions into the CDRs that could reduce affinity. 

Normally the heavy chain and light chain from the same human 
35 antibody are chosen to provide the framework sequences, so as 

to reduce the possibility of incompatibility in the assembling 

of the two chains. Based on sequence homology search against 
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the NBRF protein sequence database (performed with the 
MicroGenie Sequence Analysis Software (Beckman)), the antibody. 
Pom was chosen to provide the framework sequences for 
humanization of Fd79. 

5 

10 

The computer program ENCAD (Levitt, J. Mol. Biol. 

168, 595 (1983)) was used to construct a model of the Fd79 
variable region. Inspection of the refined model of murine 

Fd79 revealed two amino acid residues in the framework that 

are close enough to have significant contacts with the CDR 

residues (Table 4). Lys in light chainNBRF position 49 has 
contacts with 3 amino acids in CDR2 of the.light chain (L50 
Tyr, L53 Asn, L55 Glu) and 2 amino acids in CDR3 of the heavy 
chain (H99 Asp, HlOO Tyr). Leu in heavy chain position 93 
also shows interactions with 2 amino acids in CDR2 of the 

15 heavy chain (H35 Ser, H37 Val) and an amino acid in CDRJ o~ 
the heavy chain (HlOOC Phe). Hence, L49 Lys and H93 Leu we~e 
retained in the construction of humanized Fd79, as their 
replacement with human Pom framework residues would be likely .. 

to introduce distortions into the CDRs. Also, 7 other 
20 residues in the Pom framework (5 in the light chain and 2 in 

the heavy chain} were substituted with common human residues 
(identical to the murine Fd79 sequence in 6 of the choices) 

because of their rare occurrence in other human antibodies~ 
The elimination of unusual amino acids in the framework may·· 

25 further reduce immunogenicity. The murine Fd79 sequences and· 
the corresponding humanized sequences are shown in Fig. 14A, 
B. Substituted residues in the Pom framework are underlined. 

·' 

·. JI 
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TABLE 4 

Residues in the framework sequence showing contacts with 

residues in the hypervariable regions. 

Residue No. 1 Amino Acid contacting CDR residues2 

Fd79 

L49 Lys L50Y, L53N, L55E, H99D, HlOOY 

H93 Leu H35S, H37V, HlOOCF 

Fd138-80 

L36 His L34V, L89Q 
H27 Tyr H32H, H34I 
H30 Tyr H32H, H53R 
H48 Phe H63F 
H66 Lys H63F 
H67 Ala H63F 

1. The amino acid residues are 
Kabat system (E.A. Kabat et al., 
Immunological Interest, National 
Bethesda, MD (1987)): the first 
the heavy chain or light chain. 
residue number. The last letter 
code. 

numbered according to the 
Sequences of Proteins of 
Institutes of Health, 
letter (Hor L) stands for 
The following number is the 
is the amino acid one letter 

2. The hypervariable regions are defined according to Kabat: 
Light chain CDRl: residue 24-34; CDR2: 50-56; COR3: 89-97. 
Heavy chain CDRl: 31-35; CDR2: 50-65; CDR3: 95-102. 

Similarly, the murine heavy chain and light chain 

sequences of Fd1js-so were subjected to sequence homology 

search against the NBRF protein sequence database. The 

40 sequences of the human antibody Eu were selected to provide 

the framework sequences for humanized Fd138-80. Inspection of 

a computer-generated model of Fdl38-80 revealed 6 amino acid 

residues in·the framework that are close enough to have 

important contacts with CDR residues. The residues and their 

45 contacting counterparts are listed in Table 4; these murine 

residues were retained in the construction of humanized Fd138-

so. Two other residues (L87 Phe and H37 Met) show significant 

contacts with L98 Phe, which is immediately adjacent to CDRJ, 
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so these two mouse residues were also retained. Eight amino 
acids in the Eu framework (2 in the light chain and 6 in the 
heavy chain) were substituted with the murine residues (which 
are also consistent.with the human consensus residues) because 

5. of their rare occurrence in other human antibodies. The 

murine Fd138-80 sequences and the corresponding humanized 
sequences are shown in Fig~ 14C. Substituted residues in the· 
Eu framework are underlined. 

For the construction of genes for the humanized 
10 antibodies, nucleotide sequences were selected that encode the 

protein sequences of.the humanized heavy and light chains, 
including the signal peptides, generally utilizing codons 
found in the mouse sequence. Several degenerate codons were 
changed to create restriction sites or to remove undesirable 

15 ones. The nucleotide .sequences also included the same splice 
donor signals used iri the chimeric genes and an XbaI site at 
each end. Each gene was constructed from four overlapping 
synthetic oligonucleotides. For each variable domain gene, 
two pairs of overlapping oligonucleotides on alternating 

20 strands were synthesized that encompassed the entire coding 
sequences as well as the signal peptide and the splice donor 
signal. The oligonucleotides were synthesized on an Applied 
Biosystems 380B DNA synthesizer. Each oligo was·about 110-140 
bases long with a 15 base overlap. Double stranded DNA 

25 fragments were synthesized with Klenow polymerase, digested 
with restriction enzymes, ligated to pUClS vector and 
sequenced. The two fragments with the correct sequences were 
then ligated into the XbaI sites of pVg1 or pVk expression 
vectors. 

30 The synthetic genes were then cloned into the pVgl 
and pVk expression vectors. For each humanized antibody 
constructed, the heavy chain and light chain plasmids were 
transfected into Sp2/0 mouse myeloma cells by electroporation 
and cells were selected for gpt expression. Clones were 

35 screened by assaying human antibody production in the culture 
supernatant by ELISA, and antibody was purified from the best

producing clones. Antibodies were purified by passing tissue 

· .. , 
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culture supernatant over a column of staphylococcal protein A
Sepharose CL-4B (Pharmacia). The bound antibodies were eluted 
with 0.2 M Glycine-HCl, pH3.0 and neutralized with 1 M Tris 
PHS.O. · The buffer was exchanged into PBS by passing over a 

5 PD10 column (Pharmacia). 

Properties of humanized antibodies. 
The humanized Fd79 and FdlJS-80 antibodies were 

characterized in comparison to the murine and chimeric 

10 antibodies. Both humanized antibodies bind to Vero cells 
infected with HSV~l in a fluorocytometric analysis in a manner 
similar to the chimeric antibodies (Fig. 16), suggesting that 
they recognize their respective viral antigens. To more 
quantitatively assess the binding activity, radioiodinated 

15 murine antibodies were bound to virally infected cells and 
Scatchard analysis performed. 

The affinities of the humanized antibodies were 
determined by competition with the iodinated antibodies. Vero 

cells infected with HSV-1 were used as source of gB and gD 
20 antigens. Increasing amounts of competitor antibody (mouse or 

humanized) were added to 1.5 ng of radioiodinated tracer mouse 
antibody (2~Ci/ug) and incubated with 4 x 105 infected Vero 
cells in 0.2 ml of binding buffer {PBS+ 2% FCS + 0.1% azide) 
for 1 hr. at 4°C. Cells were washed and pelleted, and their 

25 radioactivities were measured. The concentrations of bound 
and free tracer antibody were calculated. The binding 

affinities were calculated according to the methods of 
Berzofsky (J.A. Berzofsky and I.J. Berkower, in Fundamental 
Immunology (ed. W.E. Paul), Raven Press {New York), 595 

30 (1984)). 

The measurements indicate that there is no 
significant loss of binding affinities in the humanized 
antibodies (Table 5) .. Specifically, there is an approximately 

2-fold decrease in affinity in humanized Fd79 compared to the 
35 murine Fd79 (Ka of 5. 3 x 107 M-1 vs. 1.1 x 108 M-1 ) • The 

affinity of humanized Fdl38-80 is comparable to that of the 
murine antibody {Ka of 4. 8 x 107 ·M-1 vs 5. 2 x 107 M-1

) • 
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TABLE 5 

PCT/US91/09711 , 

Binding affinities of murine and humanized antibodies. 

Fd79 (anti-gB) 

Fdl38-80 (anti-go) 

Mouse 

K (M-1 ) 
a . 

1.1 X 108 

5.2 X 107 

Humanized 

K (M-1) 
a 

5.3 X 107 

4.8 X 107 

Murine Fd79 and Fd138-80 have been shown to 
neutralize HSV-1 in vitro without complement (J. Koga et al., 
Virology 151, 385 (1986)), so the-neutralizing activities of 
the humanized antibodies were compared with the mouse 
antibodies. Serial dilutions of equal quantities.of murine 

20 and humanized antibodies were incubated with virus for 1 hr. 
before inoculation onto Vero cells. After 4 days, cells were 
stained with neutral red to visualize plaques. Results from 
these plaque reduction assays indicated that both humanized 
Fd79 and Fd138-80 neutralize virus as efficiently as their 

25 murine counterparts (Figs. 17A and B). Both humanized and 
murine Fd79 cause a 90% reduction of plaques at an antibody 

concentration of 10 nM (1.5 ug/ml}. Similarly, humanized and 
murine Fd138-80 were able to cause a 90% plaque reduction at 
equivalent levels. 

30 The antibodies were also investigated for their 

ability to protect cells from viral spread in tissue culture. 
Vero cells were inoculated with virus at 0.1 pfu/cell and 
allowed to adsorb for 2 hrs. at 37°C before addition of 10 
ug/ml antibody. After four days, cells were stained with an 

35 anti-gB antibody for detection of viral antigens on infected 
cells. Results indicated that both murine and humanized Fd79 
at 10 ug/ml protected culture cells from infection (Fig. 38A). 
However, neither murine nor humanized Fd138-80 were able to 

protect cells against viral spread (Fig. 18B), despite their 
40 ability to neutralize virus before inoculation. Both gB and 

go are thought to be associated with cell fusion and virus 

infectivity (W. Cai et al., J. Viral. 62, 2596 (1988) and A.O. 

• 
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Fuller and P.G. Spear, Proc. Natl. Acad. Sci. USA 84, 5454 

(1987)). However, it is possible that Fd79 blocks both the 
infectivity and cell fusion functions of gB~ while Fdl38-80 

blocks only the infectivity function of gD, so virus can still 
5 spread cell-to-cell. 

The binding, neutralization and protection results 
all indicate that the humanized Fd79 and Fdl38-80 antibodies 

have retained the binding activities and the biological 
properties of the murine monoclonal .antibodies. The 

10 availability of humanized antibodies with specificity for HSV 
gB and gD, inter s!l.i.s,, provides an opportunity for studies of 
the in vivo potency and immunogenicity of humanized antibodies 
in treating viral diseases. The recognition by Fd79 and 
Fdl38-80 of type-common epitopes of gB and gD (J. Koga et al., 

15 Virology 151, 385 (1986)) expands the therapeutic potential to 
herpes simplex virus type 2 as well as type 1. 
Protection from herpes simplex virus type 2 lethal infections 

in mouse model by humanized Fd79 and Fd138-80. 
To determine the efficacy of humanized antibodies 

20 against herpes infections in vivo, humanized antibodies were 
injected into mice before and after inoculation of lethal 

doses of HSV-2, and the mortality rates were monitored. 
Groups of animals were treated intraperitoneal with 0.9, 0.3 
or 0.1 mg of each.of humanized Fd79 or Fdl38-80 at 24 hr 

25 before or 24 hr. after viral inoculation. Groups of 10 mice 

were challenged intranasally with lethal doses of HSV-2. Mice 
were monitored for three weeks. The mortality rates were 
shown in the following tables. 

The results show that significant protection against 
30 HSV-2 infection of mice was obtained with humanized Fd79 and 

humanized Fd138-80. 
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TABLE 6 

EFFECT OF PRE-TREATMENT (-24h) 
WITH HSV ANTIBODY ON THE MORTALITY 

5 OF MICE INOCULATED INTRANASALLY WITH HSV-2 

Mortality 
Treatment Numher Percent P-Value ! 

10 
Control .13/15 87 
Placebo 13/15 87 NS 

Mu Fd 138 
15 0.9 mg 3/10 30 <0.001 

0.3 mg 5/10 50 0.01 
0.1 mg 5/10 50 0.08 

Hu Fd 138 
20 0.9 mg 1/10 10 <0.001 

0.3 mg 8/10 80 NS 
0.1 mg 7/10 70 NS 

Mu Fd 79 
25 0.9 mg 0/10 0 <0.001 

0.3 mg 2/10 20 <0.01 
0.1 mg 4/10 40 <0.05 

Hu Fd 79 
30 0.9 mg 1/10 10 <0.01 

0.3 mg 3/10 30 0.08 
0.1 mg 5/10 50 o.os 
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Control 
Placebo 

Mu Fd 138 
0.9 mg 
0.3 mg 
0.1 mg 

Hu Fd 138 
0.9 mg 
0.3 mg 
0.1 ing 

Mu Fd 79 
0.9 mg 
0.3 mg 
0.1 mg 

Hu Pd 79 
0.9 mg 
0.3 mg 
0.1 mg 

61 

TABLE 7 

EFFECT OF POST-TREATMENT (+24h) 
WITH HSV ANTIBODY ON THE MORTALITY 

PCT/US91/09711 

OF MICE INOCULATED INTRANASALLY WITH HSV-2 

Mortality 
Nnmher Percent P-Value 

12/15 80 
15/15 100 NS 

2/10. 20 <0.001 
4/10 40 0.001 
5/10 50 <0.01 

3/10 30 <0.001 
3/10 30 <0.001 
9/10 90 NS 

5/10 50 <0~01 
3/10 30 <0.001 
6/10 60 <0.05 

3/10 30 <0.001 
3/10 30 <0.001 
9/10 90 NS 

The use of a combination of two or more humanized 
antibodies in therapy is important for reducing the 
development of antibody resistant strains. _combination 
therapy of humanized antibodies with other antiviral agents 

40 such as acyclovir provides further opportunities to combat 
diseases when chemotherapeutic agents alone have not been 

effective. As Fd79 and Fdl38-80 reduce the frequency of viral 
persistence in a murine ocular model (J.F. Metcalf et al., 
Cur. Eye Res.~, 173 (1987)), the humanized antibodies, 

45 typically together with other antiviral agents, are capable of 
reducing episodes of recurrent genital infection, an area 

where traditional anti-viral agents have not been effective 

(L. Corey et al., N. Engl. J. Med. 306, 1313 (1982)). 

Incorporation of the human constant domains can also enhance 
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effector functions, such as antibody-dependent cellular 
cytotoxicity, leading to greater therapeutic efficiency in 

human patients. 

5 Example III 

Humanized Immunoglobulins to CDJJ Antigen 
There are about 10,000-15,000 new cases of myeloid 

(also called non-lymphocytic or granulocytic) leukemia in the 
u.s. per year (cancer Facts & Figures, American Cancer 

10 Society, 1987). There are two major forms of myeloid 
leukemia: acute myelogenous leukemia (AML) and chronic 
myelogenous leukemia {CML). Despite treatment with 

chemotherapy, long-term survival in patients with AML is less 

than 10-20% (Clarkson et al., CRC Critical Review in 

15 oncology/Hematology~,. 221 (1986)), and survival with CML and 
related diseases such as clironic myelomonocytic leukemia 
[CMML), chronic monocytic leukemia {CMMOL) and myelodysplastic 
syndrome (MDS) is even lower. 

The p67 protein or CD33 antigen is found on the 

20 surface of progenitors of myeloid cells and of the leukemic 
cells of most cases of AML, but not on lymphoid cells or non
hematopoietic cells(~, Leucocyte Typing III, ed. by A.J. 
McMichael, oxford University Press, pp. 622-629 (1987). 
Antibodies that are known to bind to the CD33 antigen include· .. 

25 IAB3, L1B2 and MY9 (Andrews et al., Blood 62, 124 (1983) and 
Griffin et al., Leukemia Research~, 521 (1984)). 

Another antibody that binds to CD33 is Ml95 

(Tanimoto et al., Leukemia~, 339 (1989) and Scheinberg et 

al., Leukemia d, 440 (1989)). The reactivity of M195. with a 

30 wide variety of cells and tissues was tested. Among normal 
cells, M195 was reported to bind only to some monocytes and 

myeloid progenitor cells. The research also reported that it 

does not bind to other hematopoietic cells or to non

hematopoietic tissues. M195 bound to cells of most cases of 

35 AML and all cases of. CML in myeloblastic phase. 
A phase I clinical trial of Ml95 in AML has been 

conducted (Scheinberg et al., Proc. ASCO ~, 207 (1990)). M195 
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radiolabeled with iodine-131 was found to rapidly and 
specifically target leukemic cells in both the blood and bone 

marrow. 
In accordance with the present invention, humanized 

5 immunoglobulins specifically reactive with CD33 related 
epitopes are provided. These immunoglobulins, which have 

binding affinities to CD33 of at least about 107 M-1 , and 
preferably 108 M-1 to 1010 M-1 or stronger, are capable of, ~, 
destroying leukemia cells. The humanized immunoglobulins will 

10 have a human framework and will have one or more 
complementarity determining regions (CDR's) from an 
immunoglobulin, typically a mouse immunoglobulin, specifically 
reactive with CD33 antigen. In a preferred embodiment, one or 
more of the CDR's will come from the M195 antibody. 

15 Importantly, Ml95 does not bind to the ultimate hematopoietic 
stem cells, so M195 used in therapy will minimally interact 
with and destroy those cells, which are critical for 
generating all blood cells. Thus, the CD33 specific 
immunoglobulins of the present invention, which can be 

20 produced economically in large quantities, find use, for 
example, in the treatment of myeloid cell-mediated disorders 
in human patients by a variety of techniques. 

In one aspect, the present invention is directed to 
recombinant DNA segments encoding the heavy and/or light chain 

25 CDR's from an immunoglobulin capable of binding to a desired 
epitope of CD33 antigen, such as monoclonal antibodies M195, 

L4B3, LlB2 or MY9. The DNA segments encoding these regions 
will typically be joined to DNA segments encoding appropriate 
human framework regions. Exemplary DNA sequences, which on 

30 expression code for the polypeptide chains comprising the 
heavy and light chain CDR's of monoclonal antibody Ml95 are 
included in Fig. 19. Due to codon degeneracy and non-critical 
amino-acid substitutions, other DNA sequences can be readily 
substituted for those sequences, as detailed below. 

35 The antibodies of the present invention will 
typically find use individually in treating hematologic 

malignancies. For example, typical disease states suitable 
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for treatment include AML, CML, CMML, CMMOL and MOS (see, 
generally, Hoffbrand & Pettit, Essential Haematology, 

Blackwell Scientifi~ Publications, Oxford (1980)). The 
antibodies may also be used for bone marrow ablation prior to 

5 b~ne marrow transplant~ 
Any humanized immunoglobulins of the present 

invention may also be used in combination with other 
antibodies, particularly humanized antibodies reactive with 
different myeloid antigens. For example, suitable antigens to 

10 which a cocktail of humanized immunoglobulins may react 
include CD13, CD14,. CD15, CD16 and CD34 (see, Leukocyte Typing 
III, op. cit., pp. 576-732). 

The a~tibodies can also be_ used as separately 
administered compositions given in conjunction with 

15 chemotherapeutic agents. Typically, the agents may include 
cytosine arabinoside and daunorubicin, but numerous additional
agents (~, 6-thioguanine) well-known to those skilled in 
the art for leukemia treatment may also be utilized(~, 

Hoffbrund & Pettit.,~ cit.). A preferred pharmaceutical 

20. composition of the present invention comprises the use of the 
sub1ect immunoglobulins in immunotoxins to kill leukemia 
cells. 

Humanized antibodies of the present invention can 
further find a wide variety of utilities in vitro. By way of 

25 example, the antibodies can be utilized for detection of CD33 
·antigens, for isolating specific myeloid cells, or the like~ 

It will be understood that although the experiments 
pertain to the Ml95 antibody, producing humanized antibodies 
with high binding affinity for the·CD33 antigen is also 

30 contemplated using CDR's from L4B3, L1B2, MY9 or other 
monoclonal antibodies that bind to an epitope of CD33. 

EXPERIMENTAL 

Cloning of heavy chain and light chain cDNA. 
35 cDNAs for the heavy chain and light chain variable 

domain genes were cloned using anchored polymerase chain 

reactions (E.Y. Loh et al., Science 243, 217 (1989r), using 3 1 
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primers that hybridized to the constant regions and contained 
HindIII sites, and 5 1 primers that hybridized to the dG tails 
and contained EcoRI sites (scheme shown in Fig. 6). The PCR 

amplified fragments were digested with EcoRI and HindIII and 
5 cloned into the pUC18 vector for sequencing. For M195, two 

gamma-2a specific and two kappa specific clones were 

sequenced. The two gamma-2a clones and two kappa clones are 

respectively identical in sequence. The cDNA variable domain 
sequences and the deduced amino acid sequences are shown in 

10 Fig. 19. 

construction and expression of chimeric antibody. 
Two plasmid vectors were prepared for construction 

and expression of the chimeric antibody genes. The plasmid 

15 pVgl-dhfr (Fig. 20A) contains a human cytomegalovirus IEl 
promoter and enhancer (M. Boshart et al., Cell 41, 521 
(1985)), the human genomic C7l segment including part of the 
preceding intron, and a dihydrofolate reductase (dhfr) gene 

(Simonsen et al., Proc. Natl Acad. Sci. USA so, 2495 (1984)) 
20 for selection. The plasmid pVk (Fig. 20B) is similar to pVgl

dhfr but contains the human genomic c~ segment and the gpt 

gene. Derivatives of the Ml95 heavy and light chain variable 
regions were.prepared from the cDNAs by polymerase chain 

reaction. The 5 1 primers hybridized to the V regions starting 
25 at the ATG codons and contained XbaI sites; the 3 1 primers 

hybridized to the last 15 nucleotides of the J regions and 
contained splice donor signals and XbaI sites(~, Queen et 
al., Proc. Natl. Acad. Sci. USA 86, 10029 (1989)). The 

modified V regions were cloned into the XbaI sites of the 
30 respective plasmid vectors between the CMV promoter and the 

partial intrans of the constant regions. 

For expression of the chimeric antibody, the heavy 
chain and kappa chain plasmids were transfected into Sp2/0 

mouse myeloma cells by electroporation and cells selected for 
35· gpt expression. Clones secreting a maximal amount of complete 

antibody were detected by ELISA. Purified chimeric Ml95 
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antibody was shown to bind to U937 cells, which express the 
CD33 antigen, by flow cytometry (Fig. 21). 

Computer modeling of humanized antibodies. 
5 In order to retain high binding affinity in the 

humanized antibodies, the general procedures of Queen et al. 
were fallowed (see, Queen et al. ,· Proc. Natl. Acad. Sci. USA 

§.2, 10029 (1989) and WO 90/07861). The more homologous a 
human antibody is to the original.murine antibody, the less 

10 likely will combining the murine CDR's with the human 

framework be to introduce distortions into the CDR's that 
could reduce affinity. Normally the heavy chain and light 
chain from the same human antibody are chosen to provide the 
framework sequences, so.as to reduce the possibility of 

15 incompatibility in the. assembling of the two chains. Based on 
sequence homology search against the NBRF protein sequence 
database (performed with the MicroGenie sequence Analysis 
Software (Beckman)), the antibody Eu was chosen to provide the 
framework sequences for humanization of M195. 

20 The computer program ENCAD (M. Levitt, J. Mol. Biol. 
168, 595 (1983)) was used to construct a model of the Ml95 
variable region. The model was used to determine the amino 
acids in the M195 framework that were.close enough to the 
CDR's .to potentially interact with them (category 4 below). 

25 To design the humanized light and heavy chain M195 variable 
regions, at each position the amino acid was chosen to be the 
same as in the Eu antibody, unless that position fell in one 
or more of four categories: 

30 

35 

(1) The position fell within a CDR, 
(2) 

(3) 

The Eu amino acid was unusual for human 
antibodies at that position, whereas the 

Ml95 amino acid was typical for human 
antibodies at that position, 

The position was immediately adjacent to a 
CDR, 

', f 
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(4) The model described above suggested that 
the amino acid may be physically close to 

the antigen binding region (CDR's). 

· In category (2), "unusual" is interpreted to include amino 
5 acids that occur in less than about 20% of the human sequences 

in the same subgroups (as defined by Kabat et al., op. cit.) 

as the Eu light and heavy chains, and "typical" is interpreted 
to include amino acids that occur in more than about 25% but 
generally more than 50% of the human sequences in those 

10 subgroups. For positions in these categories, the amino acid 

from the mouse M195 antibody was used: The amino acids in 
each category are shown in Table 8. Some amino acids may be 
in more than one category. The final sequences of the 
humanized M195 light and heavy chain variable domains are 

15 shown in Fig. 22, compared with the Eu sequences. 

Heavy Chain 
20 

category 

1 

TABLE 8 

Light Chain 

24-38, 54-60, 93-101 

10, 52, 67, 110 

31-35, 50-66, 99-105· 

25 

30 

2 

3 

4 

93, 
108, 

30, 

40, 52, 74 27, 

95, 98, 106, 107, 
110 

67, 98, 106 

30, 48, 68, 98 

For the construction of genes for the humanized 
antibodies, nucleotide sequences were selected that encode the 
protein sequences of the humanized heavy and light chains, 

35 including the same signal peptides as in the mouse M195 chains 

(Fig. 19), generally utilizing codons found in the mouse 
sequence. Several degenerate codons were changed to create 
restriction sites or to remove undesirable ones. The 
nucleotide sequences also included the same splice donor 

40 signals used in the·chimeric genes and an XbaI site at each 

end. Each gene was constructed from four overlapping 
synthetic oligonucleotides. For each variable domain gene, 
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two pairs of overlapping oligonucleotides on alternating 
strands were synthesized that encompassed the entire coding 
sequences as well as the signal- peptide and the splice donor 
signal (Fig. 23). The oligonucleotides were synthesized_ on an~ 
Applied Biosystems 380B DNA synthesizer. Each oligo was ··about 

110-140 bases long with about a 15 base overlap. Double ~-
stranded DNA fragments were synthesized with Klenow polymerase 
from each pair of oligon~cleotides, digested with restrictio~ 
enzymes, ligated to the pUClS vector and sequenced •. Two 

10 fragments with the respectively correct half-sequences were 
then ligated into th~ XbaI sites of the pVgl-dhfr or pVk 

expression vectors in the appropriate orientations to produ~e 
the complete heavy and light chain genes. Reactions were 
carried out under conditions well-known in the art (Maniatis\ 

15 et al., op .. cit..) 
The heavy chain and light chain plasmids were 

transfected into Sp2/0 mouse myeloma cells by electroporation 
and cells were selected for gpt expression. Clones were 
screened by assaying human antibody production in the culture. 

20 supernatant by ELISA, and antibody was purified from·the best-\ 
producing clones. Antibody was purified by passing tissue'. 
culture supernatant over a column of staphylococcal protein·A
Sepharose CL-4B (Pharmacia). The bound antibody was eluted 
with 0.2 M Glycine-HCl, pH3.0 and neutralized with 1 M Tris 

25 PHS.O. The buffer was exchanged into PBS by passing over a 
PD10 column (Pharmacia). 

Properties of humanized antibodies. 
The humanized Ml95 antibody was characterized in 

30 comparison to the murine and chimeric antibodies.· The. 
humanized antibody bound to U937 cells in a fluorocytometric 
analysis in a manner similar to the chimeric antibody 
(Fig. 21), showing that it recognizes the same CD33 antigen. 

The affinity of the·humanized antibody was 

i· 

35 35 determined by competition with the radio-iodinated mouse Ml95 

antibody (Fig. 24). ·The binding affinities were calculated . 

according to .the methods of Berzofsky (J .A. Berzofsky and.I .J ~' 
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Berkower, in Fundamental Immunology (ed. W.E. Paul), Raven 

Press (New York}, 595 (1984)). The mouse Ml95 had an affinity 
comparable to the published value (Tanimoto et al., op. cit.) 
and the humanized Ml95 antibody had an affinity the same as 

5 the mouse Ml95 to within experimental error. 
Humanized Ml95 is useful to mediate antibody

dependent cellular cytotoxicity when human effector cells and 

human CD33-expressing cells are used. This is analogous to 
other humanized antibodies, such as reported by 

10 Junghans et al., Cancer Research 50, 1495 (1990). 

15 

Unfortunately, the use of non-human monoclonal 
antibodies such as M195 have certain drawbacks in human 
treatment, particularly in repeated therapeutic regimens. 

Example IV 

Humanized Immunoglobulins to CMV Antigens 
Cytomegalovirus is a major pathogen of 

immunocompromised individuals, especially bone marrow 
transplant recipients, organ tansplant recipients, and AIDS 

20 patients(~, generally, Fields et al., Eds., Virology, 2nd 
ed., Raven Press, New York pp. 1981-2010 (1990)). 
Approximately 15% of bone marrow transplant patients develop 
CMV pneumonia, with an 85% mortality rate (Meyers, Rev. Inf. 
Dis. 11 (suppl. 7), S1691 {1989)). About 10% of AIDS patients 

25 develop severe CMV disease; and congenitally acquired CMV, 
often with significant morbidity and mortality, affects 1% of 
newborns (Fields, op. cit.). 

The drug ganciclovir is effective against certain 

forms of .CMV infection, notably chorioretinitis and 
30 gastroenteritis, but is not very effective against CMV 

pneumonia, and it has serious toxicity. Use of pooled human 
imunoglobulin preparations has shown some beneficial effect 
for prophylaxis of CMV in bone marrow transplant patients 

(Meyers, op. cit.), and a combination of high-dose immune 

35 globulin and ganciclovir has been reported effective against 
CMV pneumonia (Emanuel et al., Trans. Proc. XIX (suppl. 7), 
132 (1987)). However, the marginal effectiveness, variable 
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potency and high cost of commercial human immune globulin 
remain serious problems. Hence, there is a great need for new 

drugs effective against CMV. 
CMV is a member of the herpesvirus family of 

·5 viruses, and as such, has a large double-stranded DNA core, a 
protein capsid, and an outer lipid envelope with viral 
glycoproteins on its surface. At least 8 proteins have been 
detected on the envelope of CMV (Britt et al., J. Virol • .§2,, 

3309 (1988)) and others have_ been predicted to exist based on 
10 the DNA sequence of CMV (Chee et al., Nature 344, 774 (1990)). 

Murine monoclonal antibodies have been produced against two 
especially significant CMV glycoproteins: gB, also called 
plJ0/55 or gpSS-116, and gH, also called p86 (Rasmussen et 
al., Virology 163, 308 {1988) and Britt et _al., op. cit.) and 

15 shown to neutralize infectivity of the virus. Three other 
neutralizing antibodies to gH are designated CMVS, CMV109 and 
CMV115. Human monoclonal antibodies to CMV have also been 
produced (Ehrlich et al., Hybridoma ~, 151 (1987)). 

In animal models, murine monclonal antibodies have 
20 been shown effective in treating infections caused by various 

viruses, including members of the herpesvirus family(~, 
e.g., Metc~~f et aL, Intervirol. 29, 39 (1988)). Hence, such·. 
antibodies may be useful in treatment of CMV-infectioris. 
Unfortunately, the use of non-human monoclonal antibodies such 

25 as CMV5 and CMV115 have certain drawbacks in human treatment, 
particularly in repeated therapeutic regimens as explained 
below. 

Thus, there is a need for improved forms of 

humanized immunoglobulins specific for CMV antigen that are 
30 substantially non-immunogenic in humans, yet easily and 

economically produced in a manner suitable for therapeutic 
formulation and other uses. The present invention fulfills 
these and other needs. 

In accordance with the present invention, humanized 

35 fmmunoglobulins specifically reactive .with CMV and CMV

infected cells are provided. These immunoglobulins, which 

. have binding affinities to CMV specific antigens of at least 

' # C 

., 
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about 107 M-1 , and preferably 108 M-1 to 1010 M-1 or stronger, are 

capable of,~, blocking CMV infection of cells. The 
humanized inununoglobulins will have a hwnan framework and will 
have one or more complementarity determining regions (CDR's) 

5 from. an immunoglobulin, typically a mouse immunoglobulin, 
specifically reactive with a CMV antigen. In a preferred 
embodiment, one or more of the CDR's will come from the CMV5, 

·or CMV109 or CMVllS antibodies. The immunoglobulins of the 
present invention, which can be produced economically in large 

10 quantities, find use, for example, in the treatment of CMV
mediated disorders in human patients by a variety of 

techniques. 
In one aspect, the present invention is directed to 

recombinant ONA segments encoding the heavy and/or light chain 
15 CDR's from an immunoglobulin capable of binding to a desired 

epitope of a CMV antigen, such as monoclonal anti~odies CMV5 
or CMVllS. The DNA segments encoding these regions will 
typically be joined to DNA segments encoding appropriate human 
framework regions. Exemplary DNA sequences, which on 

20 expression code for the polypeptide chains comprising the 
heavy and light chain CDR's of monoclonal antibody CMVS are 
included in Fig. 25. Due to codon degeneracy and non-critical 
amino-acid substitutions, other DNA sequences can be readily 
substituted for those sequences, as detailed below. 

25 Polypeptide fragments comprising only a portion of 
the primary antibody structure may be produced, which 
fragments possess one or more immunoglobulin activities(~, 
complement fixation activity). These polypeptide fragments 
may be produced by proteolytic cleavage of intact antibodies 

30 by methods well known in the art, or by inserting stop codons 
at the desired locations in the vectors pVk and pVgl-dhfr 

(Fig. 26) using site-directed mutagenesis, such as after CHl 
to produce Fab fragments or after the hinge region to produce 
(Fab 1 )

2 
fragments. Single chain antibodies may be produced by 

JS joining VL and VH with a DNA linker (see Huston et al.,~ 
cit., and Bird et al., op. cit.). 
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The antibodies of the present invention will 
typically find use individually in treating CMV-related 

disorders. For example, typical disease states suitable for 

treatment include CMV pneumonia, neonatal CMV infection, CMV 

5 mononucleosis and CMV-related chorioretinitis and 
gastroenteritis. Any humanized immunoglobulins of the ·present 
invention may also be used in combination with other 
antibodies, particularly humanized antibodies reactive with 
different CMV antigens. For example, suitable antigens to 

10 which a cocktail of humanized immunoglobulins may react 
include the gB and gH proteins. The antibodies can also be 

·· used as separately administered compositions given in 

conjunction with chemotherapeutic agents. Typically, the 
agents may include acyclovir or ganciclovir, but numerous 

15. additional agents well-known to those skilled in the art for 
CMV treatment may also be utilized. A preferred 
pharmaceutical composition of the present invention comprises 
the use of the subject immunoglobulins in immunotoxins to kill 
CMV-infected cells. 

20 CMV specific humanized antibodies of the present 
invention can further find a wide variety of utilities in 
vitro. By way of example, the antibodies can be utilized for 
detection of CMV antigens, for isolating specific CMV-infected 
cells, or the like. 

25 In particular, the same method may be used to 
produce a humanized CMV109, CMV115 or other anti-CMV antibody' 
as used to produce humanized CMV5 herein. 

EXPERIMENTAL 
30 Cloning of heavy chain and light chain cDNA. 

cDNAs for the heavy chain and light chain variable 
domain genes were cloned using anchored polymerase chain 

reactions (E. Y. Loh et al., Science 243, 217 (1989)), using J' 

primers that hybridized to the constant regions and contained 
35 HindIII sites, and 5' primers that hybridized to the dG tails 

and contained EcoR I sites (scheme shown in Fig. 6). The PCR· 

amplified fragments were digested with EcoR I and HindIII and 

,·, 

·,, 
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cloned into the pUC18 vector for sequencing. For CMV5, two 
gamma-2a specific and two kappa specific clones were 
sequenced. The two gamma-2a clones and two kappa clones are 
respectively identical in sequence. The cDNA variable domain 

s sequences and the deduced amino acid sequences are shown in 
Fig. 25A and 25B. Similarly, by using techniques, which are 
well-known in the art, cDNAs for the CMV109 and CMV115 

antibodies may be obtained and their sequence determined. 

10 construction and expression of chimeric antibody. 
Two plasmid vectors were prepared for construction 

and expression of the chimeric antibody genes. The plasmid 
pVgl-dhfr (Fig. 26A) contains a human cytomegalovirus IEl 
promoter and enhancer (M. Boshart et al., Cell 41, 521 

15 (1985)), the human genomic C7l segment including part of the 
preceding intron, and a dihydrofolate reductase (dhfr) gene 
(Simonsen et al., Proc. Natl. Acad. Sci. USA 80, 2495 (1983)) 
for selection. The plasmid pVk (Fig. 26B) is similar to pVgl
dhfr but contains the human genomic c~ segment and the gpt 

20 gene. Derivatives of the CMVS heavy and light chain variable 
regions were prepared from the cDNAs by polymerase chain 
reaction. The 5' primers hybridized to the V regions starting 
at the ATG codons and contained XbaI sites; the 3' primers 
hybridized to the last 15 nucleotides of the J regions and 

25 contained splice donor signals and XbaI sites(~, Queen et 
al., Proc. Natl. Acad. Sci. USA 86, 10029 (1989)). The 
modified V regions were cloned into the XbaI sites of the 
respective plasmid vectors between the cytomegalovirus 
promoter and the partial introns of the constant regions. 

30 For expression of the chimeric antibody, the heavy 
chain.and kappa chain plasmids were transfected into Sp2/0 
mouse myeloma cells by electroporation and cells selected for 
gpt expression. Clones secreting a maximal amount of complete 
antibody were detected by ELISA. Purified chimeric CMV5 

35 antibody· was shown to bind to CMV-infected cells, which 

express the gH antigen, by immunostaining of CMV-infected 

human embryonic lung fibroblasts. 
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Computer modeling of·humanized antibodies. 
In order to retain high binding affinity in the 

humanized antibodies, the general procedures of Queen et al. 

5 were followed (see, Queen et al., Proc. Natl. Acad. Sci. USA 

86, 10029 (1989) and WO 90/07861). The more homologous a 

human antibody is to the original murine antibody, the less 

likely wili combining the murine CDR's with the human 

framework.be to introduce distortions into the CDR's that 
10 could reduce affinity. Normally the heavy chain and light 

chain from the same human antibody are chosen to provide the 
framework sequences, so as to reduce the possibility of 
incompatibility in the assembling of the two chains. Based on 
sequence homology search against the NBRF protein sequence 

15 database (performed with the MicroGenie Sequence Analysis 
Software (Beckman)), the antibody Wol was chosen to provide 
the framework sequences for humanization of CMVS. 

The computer program ENCAD (M. Levitt, J. Mol. a·iol. 

168, 595 (1983)) was used to construct a model of the CMVS 
20 variable region. The model was used to determine the amino 

acids in the CMV5 framework that were close enough to the 
CDR's to potentially interact with them (category 4 below). 
To design the humanized light and heavy chain CMVS variable 
regions, at each position the amino acid was chosen to be the 

25 same as in the Wol antibody, unless that position fell in one 
or more of five categories: 

30 

35 

(1) The position fell within a CDR, 

(2) The Wol amino acid was unusual for human 

antibodies at that position, whereas the CMV5 

amino acid was typical for human antibodies at 
that position, 

(3) The.position was immediately adjacent to a CDR, 
(4) The model described above suggested that the 

amino acid may be physically close·to the 
antigen binding region (CDR's). 

In category (2), "unusual" is interpreted to include amino 

acids that occur in less than about 20% of the human sequences 

. . 

• 
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in the same subgroups (as defined by Kabat et al., op. cit.) 
as the Wol light and heavy chains, and "typical" is 
interpreted to include amino acids that occur in more than 
about 25% but generally more than 50% of·the human sequences 

5 in those subgroups. For positions in these categories~ the 
amino acid from the mouse CMV5 antibody was used. In 

addition, a position was in the fifth category if the Wol 
amino acid was highly unusual for human antibodies at that 
position, and the CMV5 amino acid was different but also 

10 unusual. Then an amino acid typical for human antibodies at 

that position may be used. 
The amino acids in each category are shown in 

Table 1. some amino acids may be in more than one category. 
The final sequences of the humanized CMV5 light and heavy 

15 chain variable domains are shown in Fig. 27A-B, compared with 
the Wol sequences. 

20 category 

1 

25 2 

3 

4 
30 

5 

TABLE 9 

Light chain 

24-34, 50-56, 89-97 

49 

Heavy Chain 

31-35, 50-66, 99-108 
69, 80 

69, 80 

30 

24, 27, 28, 30, 97 

5 

For the construction of genes for the humanized 
35 antibodies, nucleotide sequences were selected that encode the 

protein sequences of the humanized heavy and light chains, 
including the same signal peptides as in the mouse CMV5 chains 
(Fig. 25); generally utilizing codons found in the mouse 
sequence. several degenerate codons were changed to create 

40 restriction sites or to remove undesirable ones. The 
nucleotide sequences also included the same splice donor 

signals used in the chimeric genes and an XbaI site at each 

end. Each gene was constructed from four overlapping 
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synthetic ·01igonucleotides. For each variable domain gene, 
two pairs of overlapping oligonucleotides on alternating 
strands were synthesized that encompassed the entire coding 
sequences as well as the signal peptide and 1:he splice donor 

5 signal (Fig. 28). The oligonucleotides were synthesized on an 
Applied Biosystems 380B DNA synthesizer. Each oligo was about 
110-140 bases long with about a 15 base overlap. Double 

stranded DNA fragments were synthesized with ~lenow polymerase· 
from each pair of oligonucleotides, digested with restriction 

10 enzymes, ligated to the pUC18 vector and sequenced. Two 
fragments with the respectively correct half-sequences were 

then ligated into the XbaI sites of the pVg1-dhfr or pVk 
expression vectors in the appropriate orientations to produce 
the complete heavy and light chain genes. Reactions were 

15 carried out under conditions well-known in the art (Maniatis 
et al., op. cit.) 

The heavy chain and light chain plasmids are 
transfected into Sp2/0 mouse myeloma cells by electroporation 
and cells are selected for gpt expression. Clones are 

20 screened by assaying human antibody production in the culture 
supernatant by ELISA, and antibody purifi~d from the best
producing clones. Antibody is purified by passing tissue 
culture supernatant over a column of staphylococcal protein A
Sepharose CL-4B (Pharmacia). The bound antibody is eluted 

25 with 0.2 M Glycine-HCl, pH3.0 and neutralized with 1 M Tris 
PH8.0. The buffer is excha~ged into PBS by passing over a 
PD10 column (Pharmacia). 

Humanized antibody was also produced by transient 
transfection. The heavy chain and light chain plasmids were 

30 transfected into S194 cells (ATCC TIB 19) by the DEAE-dextran 
method (Queen et al., Mol. Cell. Biol.~' 1043 (1984)}, and 
humanized CMV5 antibody was purified from the media 
supernatant as above. Antibody was quantitated by ELISA assay 
for human Ig. 

35 

• 
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Properties of humanized antibodies. 

PCT/US91/09711 

The humanized CMV5 antibody was characterized in 

comparison to the murine and chimeric antibodies. The 
humanized CMVS antibody was shown to bind about as well as the 

5 mouse and chimeric antibodies to CMV antigen, by 
immunostaining of CMV-infected human embryonic lung (HEL) 
cells (ATCC CCL 137). HEL cells monolayers in 96-well plates 

were infected wtih CMV at 0.01 pfu/cell, incubated for 4 days, 
dried at 37°C and stored wrapped at 4°C. 100 µl blotto (5% 

10 carnation Instant Milk in PBS at pH 7.4) was added to each 

well and incubated at 37°C for 30 min. The blotto was poured 

off and 75 µl of a series of 2-fold dilutions of mouse, 
chimeric and humanized CMVS antibody was added to the wells. 
The plate was incubated 1 hr at 37°C and washed twice with 

15 blotto (each wash was .left on for 10 min). Then 75 µl of 
diluted peroxidase (HRP) conjugated goat anti-mouse or anti
human IgG (Tago) was added to each well and incubated for 1 hr 
at 37°C. The plate was washed 2x with PBS and 150 µl of HRP 
substrate solution was added to each well. Color was allowed 

20 to develop at room temperature. The plates were washed with 
water and air dried. The wells were examined under a 
microscope to determine the highest dilution of the antibodies 

that formed a colored precipitate on the CMV-infected cells. 
For all three antibodies, 63 ng/ml was the least amount of 

25 antibody that produced a detectable precipitate, indicating 

that humanized CMV5 binds about as well as the mouse and 
chimeric antibodies. 

To compare the affinities of mouse and humanized 
CMV5 in another way, a competition experiment was performed. 

30 Plates of CMV-infected HEL cells as above were incubated with 

blotto for 30 min at 37°C. The blotto was poured off and 
dilutions of mouse or humanized CMV5 were added to each well 
in 75 µl of PBS. Then 125 µl of radio-iodinated mouse CMVS (1 

µCi/µg) in PBS, containing 28,000 cpm was added to each well 
35 and incubated at 37"C for 2.5 hr. The plate was washed 5 

times with PBS, and the contents of each well were solubilized 
with 200 µl of 2% sos and counted. Increasing concentrations 
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of mouse.and humanized CMV5 inhibited binding of the 
radiolabeled CMV5 about equally well (Fig. 29), so humanized 
CMVS has approximatley the same binding affinity as mouse CVS. 

An irrelevant antibody did not compete in this assay. 
The ability of humanized CMV5 to neutralize CMV is 

compared to that of mouse CMV5. Mouse and humanized CMV5 are 
successively diluted by 2-fold in 100 µl of DME medium+ 2% 

FCS in wells of a 96-well plate. 100 µl of CMV,.which has 
been diluted to contain 100 tissue culture infectious dose-50% 

10 {TCID50) units, are added to each well and incubated for 60 
min at 37°C. Each well of antibody-virus mixture is added to 
a well of subconfluent HEL cells in a 96-well plate from which 

.the medium has been removed. The cells are incubated for 5 

days and cytopathic effect (CPE) is examined in each well 
15 under a microscope. The highest dilution of antibody that 

inhibits CPE by 90% is a measure of the neutralizing ability 

20 

of the antibody. The humanized CMVS antibody will neutralize 
CMV antibody approximately as well as the mouse CMV5 antibody~ 

Example V 

In mammals, the immune response is mediated by 
several types of cells that interact specifically with foreign 
material, i.e., antigens. One of these cell types, B cells, 

is responsible for the production of antibodies. Another cell 

25 type, T cells, include a wide variety of cellular subsets that 
destroy virally infected cells or control the in vivo function 
of both B cells and other hematopoietic cells, including T 
cells. A third cell type, macrophages, process and present 
antigens in conjunction with major histocompatibility complex 

30 (MHC) proteins to T cells. Communication between these cell 
types is mediated in a complex manner by iymphokines, such as 
interleukins 1-6 and 7-IFN (~, generally, Paul, W.E., ed., 
Fundamental Immunology, 2nd ed., Raven Press, New York 

(1989)). 

35 One important lymphokine is ;-IFN, which.is secreted 
by some T cells. In addition to its anti-viral activity,;-. 

IFN stimulates natual killer (NK) cells, activates 
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macrophages, and stimulates the expression of MHC molecules on 
the surface of cells (Paul, op. cit., pp. 622-624). Hence;
IFN generally serves to enhance many aspects of immune 
function, and is a logical candidate for a therapeutic drug in 
cases where such enhancement is desired, e.g., in treating 
cancer. Conversely, in disease states where the immune system 
is over-active, e.g., autoimmune diseases and organ transplant 

rejection, antagonists of ;-IFN may be used to treat the 
disease by neutralizing the stimulatory effects of ;-IFN. 

One class of effective antagonists of ;-IFN are 

monoclonal antibodies that bind to and neutralize it(~, 
e.g., Van der Meide et al., J. Gen. Virol, 67, 1059 (1986)). 
In in vitro and in vivo mouse models of transplants, anti-;
IFN antibodies have been shown to delay or prevent rejection 

15 (Landolfo et al., Science~, 176 (1985) and Rosenberg et 
al., J. Immunol. .li.i, 4648 (1_990)). Treatment of mice prone 
to develop a syndrome like systemic lupus erythematosus (SLE) 

with a monoclonal antibody to ;-IFN significantly delayed 
onset of the disease (Jacob et al., J. Exp. Med. 166, 798 

20 (1987)). Under some conditions, an anti-;-IFN antibody 
alleviated adjuvant arthritis in rats (Jacob et al., J. 

Immunol. ~, 1500 {1989)), suggesting that anti-;-IFN may be 
effective against some cases of rheumatoid arthritis in human 
patients. Multiple sclerosis (MS) in patients is made worse 

25 by treatment with ;-IFN (Panitch et al., Neurology 36 (suppl. 
1), 285 ( 1986)) ·; so an anti-;-IFN antibody may alleviate MS. 
Thus, an anti-;-IFN antibody may be effective in treating 
these and other autoimmune diseases. 

For treatment of human patients, a murine monoclonal 
30 that binds to and neutralizes human ;-IFN (~, e.g., Yamamoto 

et al., Microbial. Immunol. J.2., 339 (1988)) may be used. 
Another murine monoclonal antibody designated AF2 that 
neutralizes human ;-IFN, and inhibits binding of ;-IFN to its 
cellular receptor, is disclosed herein. Unfortunately, the 

35 use of non-human monoclon·a1 antibodies such as AF2 have 
certain drawbacks in human treatment, particularly in repeated 
therapeutic regimens. 
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In accordance with the present invention, humanized 
immunoglobulins. specifically reactive with 7-IFN epitopes are 
provided. These immunoglobulins, which have binding 
affinities to 7-IFN of at least about 107 M-1

, and preferably 
5 108 M-1 to 1010 M-1 or stronger, are capable of, ~, 

neutralizing human 1-IFN. The humanized immunoglobulins will 
have a.human framework and will have one or more 
complementarity determining regions (CDR's) from an 
immunoglobulin, typically a mouse immunoglobulin, specifically 

10 reactive with 1-IFN. In a preferred embodiment, one or more 
of the CDR's will come from the AF2 antibody. Thus, the 
immunoglobulins of the present invention, which can be 
produced economically in large quantities, find use, for 
example, in the treatment of autoimmune disorders in human 

15 patients by a variety.of techniques. 
In one aspect, the present invention is directed to 

recombinant DNA segments encoding the heavy and/or light chain 
CDR's from an-immunoglobulin capable of binding to a desired 
epitope of 1-IFN, such as monoclonal antibody AF2. The DNA 

20 segments encoding these regions will typically be joined to 
DNA segments encoding appropriate human framework regions. 
Exemplary D~A sequences, which on expression code for the 
polypeptide chains comprising the heavy and light chain CDR's 
of monoclonal antibody AF2 are included in Fig. 30. Due to 

25 codon degeneracy and non-critical amino-acid substitutions, 
other DNA sequences can be readily substituted for those 
sequences, as detailed below. 

Alternatively, polypeptide fragments comprising only 
a portion of the primary antibody structure may be produced, 

30 which fragments possess one or more immunoglobulin activities 
(~, complement fixation activity). These polypeptide 
fragments may be produced by proteolytic cleavage of intact 
antibodies by methods well known in the art, or by inserting 
stop codons at the desired locations in the vectors pVk and 

35 pVgl-dhfr (Fig. 31) using site-.directed mutagenesis, such as 
after CHl to produce Fab fragments or after the.hinge region 
to produce (Fab')

2 
fragments. Single chain antibodies may be 

• 
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produced by joining VL and VH with a DNA linker (see Huston et 

al., op cit., and Bird et al., op cit.). 
The antibodies of the present invention will 

typically find use individually in treating autoimmune 
5 conditions. For example, typical disease states suitable for 

treatment include graft versus host disease and transplant 

rejection in patients undergoing an organ transplant, such as 

heart, lungs, kidneys, liver, etc. Other diseases include 
autoimmune diseases, such as Type I diabetes, multiple 

10 sclerosis, rheumatoid arthritis, systemic lupus erythematosus,· 

and myasthenia gravis. 
Humanized immunoglobulins of the present invention 

may also be used in combination with other antibodies, 
particularly humanized antibodies reactive with other 

15 lymphokines or lymphokine receptors. For example, suitable 
antigens to which a cocktail of humanized immunoglobulins may 
react include interleukins 1 through 10 and the p55 and p75 
chains of the IL-2 receptor(~, Waldmann, Annu. Rev. 

Biochem. 58, 875 (1989) and Queen .et al., Proc. Natl. Acad. 

20 Sci. USA.§.§., 10029 (1989)). Other antigens include those on 
cells responsible for the disease, e.g., the so-called 
"Clusters of Differentiation" (Leucocyte Typing III, ed. by 
A.J. McMichael, Oxford University Press (1987)). 

The antibodies can also be used as separately 
25 administered compositions given in conjunction with 

chemotherapeutic agents. Typically, the agents may include 
non-steroidal anti-inflammatory agents (e.g., aspirin, 
ibuprofen), steroids (e.g., prednisone) and immunosuppressants 
(e.g., cyclosporin A, cytoxan), but numerous additional agents 

30 well-known to those skilled in the art may also be utilized. 
A preferred pharmaceutical composition of the present 
invention comprises the use of the subject immunoglobulins in 
immunotoxins, e.g., to kill 7-IFN-secreting cells. 

Humanized antibodies of the present invention can 
35 further find a wide variety of utilities in vitro. By way of 

example, the antibodies can be utilized for detection of 7-IFN 
antigens, or the like. 
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EXPERIMENTAL 
.Cloning of heavy chain and light chain cDNA. 

PCT/US91/09711. 

cDNAs for the heavy chain and light chain variable 
5 domain genes were cloned using anchored polymerase chain 

reactions (E.Y. Loh et al., Science 243,· 217 (1989)}, using 3 1 

primers that hybridized to the constant regions and contained 
HindIII sites, and 5 1 primers that hybridized to the dG tails, 
and contained EcoR I sites (scheme shown in Fig. 6). The PCR 

10 amplified fragments were digested with EcoR I and HindIII and 

cloned into the pUC18 vector for sequencing. For AF2, two 
gamma-2b specific and two kappa specific clones were 
sequenced. The two gamma-2b clones and two kappa clones are 

respectively identical in sequence. The cDNA variable domain 
15 sequences and the deduced amino acid sequences are shown in 

Fig. 30. 

construction and expression of chimeric antibody. 
Two plasmid vectors were prepared for construction 

20 and expression of the chimeric antibody genes. The plasmid 
pVg1-dhfr (Fig. 31A) contains a human cytomegalovirus IEl 
promoter and enhancer (M. Boshart et al., Cell 41, 521 
(1985)}, the human genomic C~l segment including part of the 
preceding intron, and a dihydrofolate reductase (dhfr) gene 

25 (Simonsen et al., Proc. Natl. Acad. Sci. USA 80, 2495 (1984)) 
for selection. The plasmid pVk (Fig. 31B) is similar to pVgl
dhfr but contains the human genomic c~ segment and the gpt 
gene. Derivatives of the AF2 heavy and light chain variable 
regions were prepared from the cDNAs by polymerase chain 

30 reaction. The 5' primers hybridized to the V regions starting· 
at the ATG codons and contained XbaI sites; the 3' primers 
hybridized to the last 15 nucleotides of the J regions and 

contained splice donor signals and XbaI sites (~, Queen et 

al., Proc. Natl. Acad. Sci. USA -8..2,, 10029 (1989)}. The 
35 modified V regions were cloned into the XbaI sites of the 

respective plasmid vectors between the CMV promoter and the 

partial introns of the constant regions. 

.. 
, 
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For expression of the chimeric antibody, the heavy 

chain and kappa chain plasmids were transfected into Sp2/0 
mouse myeloma cells by electroporation and cells selected for 
gpt expression. Clones secreting a maximal amount of complete 

5 antibody were detected by ELISA. Chimeric AF2 antibody was 
shown to bind to human ~-IFN by ELISA. 

Computer modeling of humanized antibodies. 
In order to retain high binding affinity in the 

10 humanized antibodies, the general procedures of Queen et al. 

were followed(~, .Queen et al., Proc. Natl. Acad. Sci~ USA 
86, 10029 (1989) and WO 90/07861). The more homologous a 
human antibody is to the original murine antibody, the less 
likely will combining the murine CDR's with the human 

15 framework be to introduce distortions into the CDR's that 
could reduce affinity. Normally the heavy chain and light 
chain from the same human antibody are chosen to provide the 
framework sequences, so as to reduce the possibility of 
incompatibility in the assembling of the two chains. Based on 

20 sequence homology search against the NBRF protein sequence 
database (performed with the MicroGenie Sequence Analysis 
Software (Beckman)), the antibody Eu was chosen to provide the 
framework sequences for humanization of AF2. 

The computer program ENCAD (M. Levitt, J. Mol. Biol. 
25 168, 595 (1983)) was used to construct a model of the AF2 

variable region. The model was used to determine the amino 
acids in the AF2 framework that were close enough to the CDR's 
to potentially interact with them (category 4 below). To 

design the humanized light and heavy chain AF2 variable 
30 regions, at each position the amino acid was chosen to be the 

same as in the Eu antibody, unless that position fell in one 
or more of five categories: 

35 

(1) The position fell within a CDR, 
(2) The Eu amino acid was unusual for human 

antibodies at that position, whereas the AF2 
amino acid ·was typical for human antibodies at 
that position, 
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(3) The position was immediately adjacent to a CDR, 

( 4) The model described above s.uggested that the 
amino acid may be physically close to the 

antigen binding region (CDR's). 
5 In category (2), "unusual" is interpreted to include amino 

acids that occur in less than about 20% of the human sequences 
in the same subgroups (as defined by Kabat et al., op. cit.) 
as the Eu light and heavy chains, and 11typical 11 is interpreted 

to include amino acids that occur in more than about 25% but 

10 generally more than 50% of. the human sequences in those 
s1.µ>groups. For positions in these categories, the amino acid 
from the mouse AF2 antibody was used. In addition, a position 
was in the fifth category if the Eu amino acid was highly 
unusual for human antibodies at that position, and the AF2 

15 amino acid was different but · also· unusual. Then an amino acid·. 
-

typical for human antibodies at that position may be used. 
The amino acids in each category are shown in 

Table 10. Some amino acids may be in more than one category. 
The final sequences of the humanized AF2 light and heavy chain 

20 variable domains are shown in Fig. 32, compared with the Eu 
sequences. 

25 category 

1 

2 
30 

3 

4 
35 

5 

TABLE 10 

Light Chain 

24-34, 50-56, 89-97 

48 

48, 70 

63 

Heavy Chain 

31-35, 50-66, 99-106 

93, 95, 98, 107, 108, 
109, 111 

30 I 98 t 107 

27, 28, 30, 98, 107 

For the construction of genes for the humanized 
40 antibodies, nucleotide sequences were selected that encode the 

protein sequences of the humanized heavy and light chains, 

plus typical immunoglobulin signal sequences, generally 
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utilizing codons found in the mouse sequence. Several 
degenerate codons were changed to create restriction sites or 
to remove undesirable ones. The nucleotide sequences also 
included the same splice donor signals used in the chimeric 

5 genes and an XbaI site at each end. Each gene was constructed 
from four·overlapping synthetic oligonucleotides. For each 

variable domain gene, two pairs of overlapping 
oligonucleotides on alternating strands were synthesized that 
encompassed the entire coding sequences as well as the signal 

10 peptide and the splice donor signal (Fig. 33) The 

oligonucleotides were synthesized on an Applied Biosystems 
380B DNA synthesizer. Each oligo was about 110-140 bases long 
with about a 15 base overlap. Double stranded DNA fragments 
were synthesized with Klenow polymerase from each pair of 

15 oligonucleotides, digested with restriction enzymes, ligated 

to the pUC18 vector and sequenced. Two fragments with the 
respectively correct half-sequences are then ligated into the 
XbaI sites of the pVgl-dhfr or pVk expression vectors in the 
appropriate orientations to produce the complete heavy and 

20 light chain genes. Reactions are carried out under conditions 
well-known in the art (Maniatis et al., op. cit.) 

T~e heavy chain and light chain plasmids are 

transfected into Sp2/0 mouse myeloma cells by electroporation 
and cells selected for gpt expression. Clones are screened by 

25 assaying human antibody production in the culture supernatant 
by ELISA, and antibody purified from the best-producing 

clones. Antibody is purified by passing tissue culture 
supernatant over a column of staphylococcal protein A
Sepharose CL-4B (Pharmacia). The bound antibody is eluted 

30 with 0.2 M Glycine-HCl, pH3.0 and neutralized with 1 M Tris 

PHS.O. The buffer is exchanged into PBS by passing over a 
PD10 column (Pharmacia). 

fro~erties of numanized antibodies. 

35 The humanized AF2 antibody is charact~rized in 
comparison to the murine and chimeric antibodies. The 
humanized antibody will bind to 1-IFN in an ELISA assay in a 
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manner similar to the mouse and chimeric antibodies, showing 

that it recognizes 7-IFN • 
. To compare the binding affinities of mouse AF2 

antibody and humanized AF2 antibody, a competitive ELISA assay 
5 is performed. An ELISA plate is coated with human recombinant 

7-IFN by adding 100 µl of a 500 ng/ml solution of 7-IFN in PBS 
to each well and incubating overnight at 4°C. Subsequent 
steps are carried out at room temperature. The 7-IFN ·solution 
is removed and 200 µl of ELISA buffer (0.1% Tween-20, 1% 

10 Bovine serum albumin in PBS) is added to each well and 
incubated for 1 hr. After removing the solution, varying 
amounts of competitor antibody (mouse AF2 or humanized AF2) in 
100 µl PBS is added to each well, along with an amount of 
biotinylated AF2 predetermined to give a good ELISA response. 

15 The plate is incubated for 1 hr and then washed 3 times with 
ELISA buffer. An amount of horseradish peroxidase (HRP)
conjugated strepavidin predetermined to be in excess is added 
in 100 µl PBS to each well and incubated for 30 min. The 
plate is washed 3 times in ELISA buffer, and 100 µl of 

20 substrate solution for HRP is added to each well. The plate 
is incubated for 10-30 min, and the optical density of each 
well is determined with an ELISA reader (BioRad). The 
decrease in optical density with increasing concentrations of 
competitor antibodies mouse AF2 and humanized AF2 are plotted. 

25 Mouse AF2 and humanized AF2 will compete similarly, showing 
that their binding affinities for 7-IFN are approximately the 

same. The procedures used are well known in the art (e.g., 
Harlow and Lane, op. cit.). 

An important biological activity of 7-IFN is the 
30 induction of expression of class II HLA antigens on cells. To 

determine the ability of mouse and humanized AF2 to neutralize 
this activity, about 5 x 104 HS294T cells (Basham et al., J. 

Immunol. 130, 1492 (1983)) are plated in 1.0 ml DMEM medium+ 
10% FCS in each well of a 24-well plate. After overnight 

35 incubation, 0.1 ·nM interferon and varying amounts of mouse or 
humanized AF2 are added to the cells, and the plate is 

·incubated for 72 hr~. The cells are removed from the plate 

• 

! 
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with 0.05 M EDTA, stained with monoclonal antibody L243 from 
the American Type Culture Collection {ATCC) against HLA-D 
antigen, washed, stained with FITC conjugated goat anti-mouse 
Ig and analyzed with a FACScan (Becton-Dickinson). Increasing 

5 concentrations of mouse AF2 reduce fluorescence of the cells 
(Fig. 34), indicating the antibody is preventing induction of 
HLA-D by ;-IFN. The humanized AF2 will act similarly to mouse 
AF2 in this assay, showing that it neutralizes the biological 
activity of ~-IFN. 

10 From the foregoing, it will be appreciated that the 
humanized immunoglobulins of the present invention offer 
numerous advantages over other ~-IFN specific antibodies. In 
comparison to mouse monoclonal antibodies, the present 

humanized immunoglobulins can be more economically produced 

15 and contain substantially less foreign amino acid sequences. 
This reduced likelihood of antigenicity after injection into a 
human patient represents a significant therapeutic 
improvement. 

All publications and patent applications are herein 
20 incorporated by reference to the same extent as if each 

individual publication or patent application was specifically 
and individually indicated to be.incorporated by reference. 
Although the present invention has been described in some 
detail by way of illustration and example for purposes of 

25 clarity and understanding, it will be apparent that certain 
changes and modifications may be practiced within the scope of 
the appended claims. 
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WHAT IS CLAIMED IS 

1. A composition comprising a substantially pure 
humanized immunoglobulin specifically reactive with the p75 

5 chain of the human IL-2 receptor. 

10 

· 15 

20 

25 

2. A composition according to Claim 1, wherein the 
immunoglobulin exhibits a binding affinity to a human IL-2 
receptor of about 107 M-1 or stronger. 

3. A composition according to Claim 1, wherein the 

immunoglobulin comprises one or more foreign CDRs 
substantially homologous to a CDR from an immunoglobulin 
reactive with human p75 protein. 

4. A composition according to Claim 1, wherein the 
immunoglobulin is capable of blocking the binding of 

interleukin-2 (IL-2) to the p75 chain of human IL-2 receptors. 

5. A composition according to Claim 1, wherein the 
humanized immunoglobulin comprises the human framework regions 
haying amino acids sequences from at least two human 
immunoglobulins. 

6. A humanized immunoglobulin capable of·binding 
to human interleukin-2 receptors, said immunoglobulin 
comprising one or more complementarity determining regions 
(CDR's) from mik-Pl antibody in a human framework. 

30 7. A humanized immunoglobulin according to Claim 

6, wherein the human framework is substantially homologous to 
an Lay immunoglobulin framework. 

s. A humanized immunoglobulin according to Claim 6 
35 which is capable of blocking the binding of IL-2 to 

interleukin-2 receptors on human T-cells. 

• 
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9. A method of treating T-ce11 mediated disorders 
in a human patient, said method comprisi~g administering to 
said patient a therapeutically effective dose of an 

immunoglobulin according to Claim 6. 

10. A humanized immunoglobulin according to Claim 6 

which is complexed to a cytotoxic agent. 

11. A composition comprising a substantially pure 
10 humanized immunoglobulin specifically reactive with a herpes 

simplex virus-specific epitope. 

15 

12. A composition according to claim 11, wherein 
the epitope is on a viral surface glycoprotein. 

13. A composition according to claim 12 1 wherein 
the glycoprotein is gB or go. 

14. A composition comprising a substantially pure 
20 ·humanized immunoglobulin capable of inhibiting binding of a 

herpes simplex virus (HSV) protein to a mouse monoclonal 
antibody specifically reactive with said protein, wherein the 

humanized immunoglobulin comprises at least one. 

complementarity determining region (CDR) from the mouse 
25 monoclonal antibody. 

30 

35 

15. A composition according to Claim 14, wherein 
the humanized immunoglobulin exhibits a binding affinity of 
about 107 M-1 or stronger. 

16. A composition according to Claim 14 wherein 
said immu~oglobulin is capable of binding to type 1 or 2 

herpes simplex virus (HSV). 

17. -A composition according to Claim 14, wherein 
the immunoglobulin comprises one or more CDR's substantially 
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homologous to a CDR from an immunoglobulin reactive with HSV 
glycoprotein of gB, gD, gG or gH. 

18. A composition according to Claim.14, wherein 
5 the immunoglobulin is an IgG

1 
immunoglobulin isotype. 

19. A humanized immunoglobulin capable of binding 
to herpes simplex virus, said immunoglobulin comprising one or 

more complementarity determining regions (CDR's) from a mouse 

10 monoclonal antibody in a human framework, wherein the mouse 
antibody is Fd 79 or Fd 138-80. 

20. A humanized immunoglobulin according to Claim 
19, wherein the human framework is substantially homologous to 

15 an Eu or a Pom immunoglobulin framework. 

20 

21. A humanized immunoglobulin according to Claim 
19 which is capable of neutralizing HSV. 

22. A method of treating herpes simplex virus 
mediated disorders in a human patient, said method comprising 
administering to said patient a therapeutica~ly effective dose 

of an immunoglobulin according to Claim 14. 

25 23. A composition comprising a substantially pure 
humanized immunoglobulin specifically reactive with a CD33 
antigen epitope. 

24. A composition according to Claim 23, wherein a 
30 variable region of at least one chain of the immunoglobulin 

comprises three complementarity determining regions (CDR's) 
from a non-human antibody in a human framework. 

25. A composition according to claim 24, wherein 

35 the chain is the heavy chain. 

• 
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26. A composition according to claim 24, wherein 
the non-human antibody is M195. 

27. A composition comprising a substantially pure 
5 humanized immunoglobulin capable of inhibiting binding of CD33 

antigen to a mouse monoclonal antibody specifically reactive 

with said antigen, wherein the humanized immunoglobulin 
comprises at least one complementarity determining region 
(CDR) from the mouse monoclonal antibody. 

10 

15 

28. A composition according to Claim 27, wherein 
the humanized immunoglobulin exhibits a binding affinity of 
about 107 M-1 or stronger. 

29 •. A composition according to Claim 27, which. is 
capable of blocking the binding of mouse Ml95 antibody to 
human cells. 

30. A composition according to Claim 27, wherein 
20 the humanized immunoglobulin comprises a human framework 

substantially homologous to Eu immunoglobulin framework. 

31. A humanized immunoglobulin according to Claim 
27 which is of capable mediating antibody-dependent cellular 

25 cytoto·xici ty in the presence of human target and effector 
cells. 

32. A method of treating myeloid cell-mediated 
disorders in a human patient, said method comprising 

30 administering to said patient a therapeutically effective dose 
of a composition according to Claim 27. 

35 

33. A composition according to claim 27, wherein 
the immunoglobulin is conjugated to a cytoxic agent. 
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34. A composition comprising a substantially pure 
humanized immunoglobulin specifically reactive with a human 
cytomegalovirus-specific epitope.· 

5 35. A composition according to Claim 34, wherein a 
variable region of at least one chain comprises three 
complementarity determining regions from a non-human 
immunoglobulin chain in a human framework. 

10 36. A composition according to claim 34~ wherein 

15 

the epitope is on a viral surface glycoprotein. 

37. A composition according to claim 36, wherein 
the glycoprotein is gB or gH. 

38. A composition comprising a substantially pure 
humanized immunoglobulin capable of inhibiting binding of a 
cytomegalovirus (CMV) protein to a mouse monoclonal antibody 
specifically reactive with said protein, wherein the humanized 

20 immunoglobulin comprises at least one·complementarity 
determining region (CDR) from the mouse monoclonal antibody. 

39. A composition according to Claim 38, wherein 
the humanized immunoglobulin exhibits a binding affinity of 

25 about. 107 M-1 or stronger. 

40. A recombinant immunoglobulin composition 
comprising a human framework and one or more foreign 
complementarity determining regions (CDR's) not naturally 

30 associated with the framework, wherein said immunoglobulin is 
capable of binding to CMV. 

41. A composition according to Claim 40, wherein 
all of the foreign CDR's are located on heavy chains of the 

35 immunoglobulin. 

'!. 

.. 
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42. A composition according to Claim 40, wherein 

the immunoglobulin is an IgG
1 

immunoglobulin isotype. 

43. A composition according t6 Claim 40 wherein the 

s immunoglobulin is capable of blocking the binding of CMV to 

human cells. 

44. An immunoglobulin according to Claim 40, 
wherein the framework regions comprise amino acids sequences 

10 from at least two human immunoglobulins. 

45. A humanized immunoglobulin capable of binding 
to cytomegalovirus, said immunoglobulin comprising one or more 
complementarity determining regions (CDR's) from a mouse 

15 monoclonal antibody in a human framework, wherein the mouse 

antibody is CMV5, CMV109 or CMV115. 

46. A humanized immunoglobulin according to Claim 

45, wherein the human framework is substantially homologous to 
20 an Eu or a Wol immunoglobulin framework. 

25 

30 

35 

47. A humanized immunoglobulin according to Claim 
45 which is capable of neutralizing CMV. 

48. A method of treating cytomegalovirus mediated 
disorders in a human patient, said method comprising 
administering to said patient a therapeutically effective dose 
of an immunoglobulin according to Claim 45. 

49. A method of treating cytomegalovirus mediated 
disorders in a human patient, said method comprising 
administering to said patient a therapeutically.effective dose 
of a combination of two or more immunoglobulins according to 

Claims 45. 
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so. A composition comprising a substantially pure 
humanized immunoglobulin specifically reactive with human,

IFN. 

51. A composition according to Claim 50, wherein a 

variable region of at least one chairi comprises three 

complementarity determining regions (CDR's) from a non-human 
antibody in a human framework. 

10 52. A composition according to claim 51, wherein 

15 

the non-human antibody is AF2. 

53. A composition according to Claim 50 capable of 
inhibiting binding of human ,-IFN to a human ,-IFN receptor. 

54. A recombinant immunoglobulin composition 
comprising a human framework and one or more complementarity 
determining regions (CDR's) not naturally associated with the 
framework, wherein said immunoglobulin is capable of 

20 specifically inhibiting biniding of human ,-IFN to a human,
IFN receptor. 

55. A composition according to Claim 54, wherein 
one or more of the foreign CDR's are substantially homologous 

25 to a CDR from the AF2 antibody. 

56. A composition according to Claim 54, wherein 
the immunoglobulin is an IgG

1 
immunoglobulin isotype. 

30 57. A composition according to Claim 54, wherein 
the immunoglobulin is capable of blocking the binding of human 
,-IFN antibody to human cells. 

58. A method of treating autoimmune disorders in a 
35 human patient, said method comprising administering to said 

patient a therapeutically effective dose of a composit_ion 

according to Claim 54. 

.• 
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59. A composition according to Claim 11, wherein 

the immunoglobulin is conjugated to a cytotoxic agent. 

5 60. A composition according to Claim· 40, wherein 

the immunoglobulin is conjugated to a cytotoxic agent. 

10 
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1 D I V L T Q s p A s L A V s L G Q R A T 
1 E I V M T Q s p A T L s V s p G E R A T 

21 I s C R A s Q s V s T s T y N y M H w y 

21 L s C R A s Q s V s T s T y N y M H w y 

41 Q Q K p G Q p p K L L I K y A s N L E s 
41 Q Q K p G ..Q_ s p R L L ·I K y A s N L E s = 
61 G V p A R F s G s G F G T D F T L N I H 
61 G I p A R F s G s G s G T E F T· L T I s 

81 p V E E E D T V T y y C Q H s w E I p y 

81 R L E s E D F A V y y C 0 H s w E I p y 
= 

101 T F G G G T K L E I K 
101 T F G Q G T R V E I K 

FIG. 1A 

1 E M I L V E s G G G L V K p G A s L K L 
1 E V Q L L E s G G G L V Q p G G s L R L 

21 s C A A s G F T F s N y G L s w V R Q T 
21 s C A A s G F T F s N y G L s w V R Q A 

41 s D R R L E w V A s I s R G G G R I y s 
41 p G K G L E w V A s I s R G ~ G R I y s 

61 p D N L K G R F T I s R E D A' K N T L y 
61 p D N L K G R F T I s R N D s K N T L y 

81 L Q M s s L K s E D T A L y y C L R E G 
81 L _Q_ M N s L Q A E D T A L y y C L R _L_Ji 

101 I y y A D y G F F D V w G T G T T V I V 
101 I y y A D y G F F D V w G Q G ·T L V T V 

121 s s 
121 s s 

FIG. 18 

SUBSTJ.TUTE SHEEl 

BIOEPIS EX. 1002 
Page 2058



W092/11018 2/41 
PCT/US91/09711 

1 D I V M T Q s H K F M s T s V G D R V s 
1 D I Q M T Q s p s T L s A s V G D R V T 

21 I T C K A s Q D V G s· A V V w H Q Q K s 
21 I T C K A s 0 D V G s A V V w H Q Q K p 

41 G Q s p K L L I y w A s T R H T G V p D 
41 G K A p ..K L L I y w A s T R H T G V p s 

61 R F .T G s G s G T D F T L T I T N V Q s 
61 R F T G s G s G T E F T L T I s s L Q p 

81 E D L A D y F C Q Q y s I F p L T F G A 
81 D D F A T y F ,C 0 = 0 y s I F p L T F G Q 

101 G T R L E L K 
101 G T K V E V K 

FIG. 2A 

1 Q V Q L Q Q s D A E L V K p G A s V K I 
1 Q V Q L V Q s G A E V K K p G s s V K V 

21 s C K V s G y -T F T D H T I H w M K Q R 
21 s C K A s G y T F T D H T I H w M R Q A 

41 p E Q .G L E w F G y I y p R D G H T R y 

41 p G Q G L E w F G y I y p R D G H T R y 

61 s E K F K G K A T L T A D K s A s T A y 

61 A E K F K G K A T I T A D E s T N T A y 

81 M H L N s L T s E D s A V y F C A R G R 
81 M E L s s L R s E D T A V y F C A R~ 

101 D s R E R N G F A y w G Q G T L V T V s 
101 D s R E R N G F A y W G _a_ G T L V T V s 

121 A 
121 s 

FIG. 28 
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1 D I V L T Q s p A s L A V s L G Q R A T 
1 D I Q M T Q s p s s L s A s V G D R V T 

21 I s C R A s E s V D N y G I s F M N w F 
21 I T C R A s E s V D N y G I s F M N w F 

41 Q Q K p G Q p p K L L I y A A s N Q G s 
41 Q Q K p G K A p i< L L I y A A s N 0 G s 

61 G V p A R F s G s G s G T D F s L N I H 
61 G V p s R F s G s = G s G T D F T L N I s 

81 p M E E D D T A M y F C Q Q s K E V p w 
81 s L Q p D D F A T y y C 0 0 s K E V p w 

101 T F G G G T K L E I K 
101 ....1. F G Q G T K· V E I K 

FIG. 3A 

1 E V Q L Q Q s G p E L V K p G A s V K I 
1 Q V Q L V Q s G A E V K K p. G s s V K V 

21 s C K A s G y T F T D y N M H w V K Q s 
21 s C K A s G y T F T D y N M H w V R Q A 

41 H G K s L E w I G y I y p y N G G T G y 
41 p G Q G L E w I G y I y p y N G G T G y 

61 N Q K F K s K A T L T V D N s s s T A y 
61 N 0 K F K s K A T I T A D E s T N T A y 

81 M D V R s L T s E D s A V y y C A R G R 
81 M E L s s L R s E D T A V y y C A R JLB. 
101 p A M D y w G Q G T s V T V s s 
101 p A M D y w G..Q_G TL V T V s s 

FIG. 38 
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1 Q I V L T Q s p A I M s A s p G E K V T 
1 D I Q M T Q s p s s L s A s V G D R V T = 
21 M T C s G s s s V s F M y w y Q Q R p G 
21 I T C s G s s s V s F M y w y Q Q K p G 

41 s s p R L L I y D T s N L A s G V p V R 
41 K A p K L L I y D T s N L A s G V p s R 

61 F s G s G s G T s y s L T I s R M E A E 
61 F s G s G s G T D y T F T I s s L Q p E 

81 D A A T y y C Q Q w s T Y. p L T F G A G 
81 D I A T y y C 0 0 w s T y p L T F G Q G 

101 T K L E L K 
101 T K V E V K 

FIG. 4A 

1 ·Q V Q L K Q s G p G L V Q p s Q s L s I 
1 E V Q L L E s G G G L V Q p G Q s L R L 

21. T C T V s G F s V T s y G V H w I R Q s 
21 5 C A A s G F T V T s y G V H w V R Q A 

41 p G K G L E w L G V I w s G G s T D y N 
41 p G K G L E w V G V I w s G G s T D y N 

61 A A F I s R L T I s K D N s K s Q V F F 
61 A A F I s R F T I s R D N s K N T L y L 

81 K V N s L Q p A D T A I y y C A R A G D 
81 Q M N s L Q A E D T A I y y C A R A G D 

101 y N y D G F A y w G Q G T L V T V s A 
101 y N y D G F A y w G Q G T L V T V s s 

FIG. 48 
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1 D I V L T Q s p A T L s V T p G D s V s 
1 E I V L T Q s p G T L s L s p G E R A T 

21 L s C R A s Q s I s N N L H w y Q Q K s 
21 L s C R A s Q s I s N N L H w y Q Q K p 

41 H E s p R L L I K y A s Q s I s G I p s 
41 G Q A p R L L I K y A s 0 s I s G I p D = 
61 R F s G s G s G T D F T L s V N G V E T 
61 R F s G s G s G T D F T L T I s R L E p 

81. E D F G M y F C Q Q s N s w p H T F G G 
81 E D F A V y y C 0 0 s N s w p H T F G Q 

101 G T K L E I K 
101 G T K V E I K 

FIG. 5A 

1 E V Q L Q Q s G p E L V K p G A s M K I 
1 Q V Q L V Q s G A E V K K p G s s V R V 

21 s C K A s V y s F T G y T M N -w V K Q s 
21 s C K A s G y s F T G y T M N w V R Q A 

41 H G Q N L E w I G L I N p y N G G T s y 
41 p G K G L E w V G L I N p y N G G T s y 

61 N Q K F K G K A T L T V D K s _s N T A y 
61 N 0 K F K G R V T V s L K p s F N Q A y 

81 M E L L s L T s A D s A V y y C T R R G 
81 M E L s s L F s E D T A V y y C 'I' R .lLJi 

101 F R D y s. M D y w G Q G T s V T v .. s s 
101 F R D y s M D y w G Q G T L V T V s s 

FIG. 58 
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. WO 92/11018 PCT/US91/09711 

• • 30 • • 60 
ATGGATTTTCAAGTGCAGATTTTCAGCTTCCTGCTAATCAGTGCCTCAGTCATACTGTCC 

M D F Q V Q I F S F L L I S A S V I L S 

• • 90 • • 120 
AGAGGACAAATTGTTCTCACCCAGTCTCCAGCAATCATGTCTGCGTCTCCAGGGGCGAAG 

R G Q I V L T o· S P A I M S A S P G E K 

• • 150 • • 180 
GTCACCATGACCTGCAGTGGCAGCTCAAGTGTAAGTTTCATGTACTGGTACCAGCAGAGG 

V T M T C S G S S S V S F M Y W Y Q Q R 

• • 210 • • 240 
CCAGGATCCTCCCCCAGACTCCTGATTTATGACACATCCAACCTGGCTTCTGGAGTCCCT 

P G S S P R L L I Y D T S N L A S G V P 

• • 270 • • 300 
GTTCGCTTCAGTGGCAGTGGGTCTGGGACCTCTTACTCTCTCACAATCAGCCGAATGGAG 

V R F S G S G S G T S Y S L T . I S R M E 

• • 330 • • 360 
GCTGAAGATGCTGCCACTTATTACTGCCAGCAGTGGAGTACTTACCCGCTCACGTTCGGT 

A E D A A T Y Y C O O W S T Y P L T F G 

• • 
GCTGGGACCAAGCTGGAGCTGAAA 

A G T K L E L K 
FIG. 7A 

• 30 • • 60 
ATGGCTGTCTTGGGGCTGCTCTTCTGCCTGGTGACATTCCCAAGCTGTGTCCTATCCCAG 

M A V L G L L F C L V T F P S C V L S Q 

.• • 90 • • 120 
GTGCAGCTGAAGCAGTCAGGACCTGGCCTAGTGCAGCCCTCACAGAGCCTGTCCATCACC 

V Q L K Q S G P G L V Q P S Q S L S I T 

• • 150 • • 180 
TGCACAGTCTCTGGTTTCTCAGTAACAAGTTATGGTGTACACTGGATTCGCCAGTCTCCA 

C T V S G F S V T S Y G V H W I R Q S P 

• • 210 • • 240 
GGAAAGGGTCTGGAGTGGCTGGGAGTGATATGGAGTGGTGGAAGCACAGACTATAATGCA 

G K G L E W L G V I W S G G S T D Y N A 

• • 270 • • 300 
GCTTTCATATCCAGACTGACCATCAGCAAGGACAACTCCAAGAGCCAAGTTTTCTTTAAA 

A F I S R L T I S K D N S K S Q V F F K 

• • 330 • • 360 
GTGAACAGTCTGCAACCTGCTGACACAGCCATATACTATTGTGCCAGAGCTGGGGACTAT 

V N S L Q P A D T A I Y Y C A R A G D Y 

• • 390 • • 
AATTACGACGGTTTTGCTTACTGGGGCCAAGGGACTCTGGTCACTGTCTCTGCG 

N Y D G F A Y W G Q G T L V T V S A 

FIG. 78 
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1 D I Q M T Q s p s s L s V s V G D R V T 
1 D I Q M T Q s p s s L s A s V G D R V T = 
21 I T C Q A s Q N V N A y L N w y Q Q K p 

~ 21 I T C s G s s s V s F M y w y Q Q K p 

41 G L A p K L L I y G A s T R E A G V p s 
40 G K A p K L L I y D T s N L A s G V p s 

61 R F s G s G s G T D F T F T I s s L Q p 

60 R F s G s G s G T D y T F T I s s L Q p 
= 

81 E D I A T y y C Q Q y N N w p p T F G Q 

80 E D I A T y y C 0 0 w s T y p L T F G Q 

101 G T K V E V K 
100 G 'I' K V E V K 

. FIG. 10A 

1 A V Q L L E s G G G L V Q p G G s L R L 
1 E V Q L L E s G G G L V Q p G G s L R L 

21 s C A A s G F T F s A s A M s w V R Q A 
21 s C A A s G F T V T s y G V H w V R Q A 

41 p G K G L E w V A w K y E N G N D K H y 
41 p G K G L E w V G V I w s G G s T D y 

61 A D s V N G R F T I s R N D s K N T L y 
60 N A A F I s R F T I s R D N s K N T L y 

81 L Q M N G L Q A z V s A I y y C A R D A 
80 L Q M N s L Q A E D T A I y y C A R __ A_ 

101 G p y V s p T F F A H w G Q G T L V T V 
99 G D y N y D G F A y w G Q G T L V T V 

121 s s 
118 s s 

FIG. 108 
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vc13 

10 20 30 40 50 60 
TTCTGCTGGT ACCAGTACAT GMACTTACA CTTGAGCTGC CACTGCAGGT GATGGTGACG 

70 80 · 90 100 
CGGTCACCCA CTGAGGCACT GAGGCTAGAT GGAGACTGGG TCATTTG 

vc14 

10 20 30 40 50 60 
CATGTACTGG TACCAGCAGA AGCCAGGAAA AGCTCCGAAA CTTCTGATTT ATGACACATC 

70 80 90 100 110 120 
· CAACCTGGCT TCTGGAGTCC CTTCCCGCTT CAGTGGCAGT GGGTCTGGGA CCGATTACAC 

130 
CTTTACAATC TCTTCA 

vclS 

10 20 30 . 40 50 60 
TGTGTCTAGA AAAGTGTACT TACGTTTTAC CTCGACCTTG GTCCCTTGAC CGAACGTGAG 

70 80 90 100 110 120 
· CGGGTAAGTA CTCCACTGCT GGCAGTAATA AGTGGCTATA TCTTCCGGCT GAAGTGAAGA 

130 
GATTGTAAAG GTGTAAT 

vc16 

10 20 30 40 50 60 
CACATCTAGA CCACCATGGA TTTTCAAGTG CAGATCTTCA GCTTCCTGCT AATCAGTGCC 

70 80 90 100 
TCAGTCATAC TGTCCAGAGG AGATATTCAA ATGACCCAGT CTCCATCT 

FIG. 11A 
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vcll 

10 20 30 40 50 60 
.;. TAGTCTGTCG ACCCACCACT CCATATCACT CCCACCCACT CGAGTCCCTT TCCAGGAGCC 

70 80 90 100 110 120 
TGGCGGACCC AGTGTACACC ATAACTTGTT ACGGTGAAAC CACTGGCGGC ACAAGACAGT 

130 
CTCAGAGATC CTCCTGGC 

vc12 

10 20 30 40 50 60 
TGGTGGGTCG ACAGACTATA ATGCAGCTTT CATATCCAGA TTTACCATCA GCAGAGACAA 

70 80 90 100 110 120 
CAGCAAGAAC ACACTGTATC. TCCAAATGAA TAGCCTGCAA GCCGAGGACA CAGCCATATA 

TTATTG 

wps54 

10 20 30 40 50 60 
ACACTCTAGA CCACCATGGC TGTCTTGGGG CTGCTCTTCT GCCTGGTGAC ATTCCCAAGC 

70 80 90 100 110 120 
TGTGTCCTAT CCGCTGTCCA GCTGCTAGAG AGTGGTGGCG GTCTGGTGCA GCCAGGAGGA 

130 
TCTCTGAGAC 

wps57 

10 20 30 40 50 60 
ACACTCTAGA AGTTAGGACT CACCTGAAGA GACAGTGACC AGAGTCCCTT GGCCCCAGTA 

70 80 90 100 110 
AGCAAAACCG TCGTAATTAT AGTCCCCAGC TCTGGCACAA TAATATATGG CTGTGTCC 

FIG. 118 
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1 5 10 15 20 

1 E M I L V E s G G G L V K p G A s L K L 
1 E V Q L L E s .G G G L V Q p G G s L R L 

25 30 35 40 
21 s C A A s G F T F ~1: y G L ~1 w V R Q T 
21 s C A A s G F T F y G L w V R Q A 

45 50 52 a 55 
41 s. D R R L E w V ~I~ I s R G G G R I Y. ~, 41 p G K G L E w V I s R G G G R I y 

60 65 70 75 
60 1: D N L K gl~ F T I s R E D A K N T L y 
60 D N L K F T I s R N D s K N T L y 

80 82 a b C 85 90 95 
80 L Q M s s L K s E D T A L y y C L RI]] 
80 L _g_ M N s L Q A E D T A L y y C L R E G 

100 a b C d k 105 110 
97 1~ y y A D y G F F D VI W G T G T T V I V 
97 y y A D y G F F D V Ji. G Q G T L V T V 

113 
112 s s 
112 s s 

FIG. 14A 

1 5 10 15 20 

1 D I V L T Q s p A s L A V s L G Q R A T 
1 E I V M T Q s p A T L s V s p G E R A T 

25 27 b d 
30 35 

a C 
21 I s gl: A s Q s V s T s T y N y M ~1: y 
21 L s A s Q s V s T s T y N y M y 

40 45 50 55 

37 Q Q K p G Q p p K L L I ~1~ A s N L E ~I .37 . Q Q K p £....2. s p R L L I A s N L E 

60 65 70 75 

57 G V p A R F s G s G F G T D F T L N I H 
57 G I p A R F s G s G s G T E F T L T I s 

80 85 90 95 

77 p V E E E D T V T y y gjg H s w E I p ~, 77 R L E s E D F A V y y H s w E ·1 p -
100 105 107 

97 T F G G G T K L E I K 
97 T F G Q G T R V E I K 

FIG. 148 
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1 5 10 15 20 
1 Q V Q L Q Q s D A E L V K p G A s V K I 
1 Q V Q L V Q s G A E V K K p G s s V K V 

25 30 35 40 
21 s C K V s G y T F ~1~ H T I :I w M K Q R 
21 s C K A s G y T F H T I w M R Q A 

45 50 52 a 55 
41 p E Q G L E w F ~Ii I y p R D G H T R ~, 41 p G Q G L E w F I y p R D G H T R 

60 65 70 75 
60 1: E K F K GIK A T L T A D K s A s T A y 
60 E K F K G K A T I T A D E s T N T A y 

80 82 a b C 85 90 
A RI ~5 t 80 M H L N s L T s E D s A V y F C 

80 M E L s s L R s E D T .A V y F C A R G R 

100 a b C d 105 110 
97 1~ s R E R N G F A YIW G Q G T L V T V s 
97 s R E R N G F A T L V T V s y Ji.. .Q. _g_ G 

113 
113 A 
113. s 

FIG. 14C 

1 5 10 15 20 
1 D I V M T Q s H K F M s T s V G D R V s 
1 D I Q M T Q s p s T L s A s V G D R V T 

25 30 35 40 
21 I T g!~ A s Q D V G s A V ~,: H Q Q K s 
21 I T A s Q D V G s A V H Q Q K p 

45 50 55 60 
41 G Q s p K L L I ii: A s T R H ii G V p D 
41 G K A p .K L L .L A s T R H G V p s 

65 70 75 80 
61 R F T G s G s G T D F T L T I T N V Q s 
61 R F ..1. G s G s G T E F T L T I s s L Q p 

85 90 95 100 
81 E D L A D y F gjg Q y s I F p L ii~ G A 
81 D D F A T y F Q y s I F p L G Q 

105 107 
101 G T R L E L K 
101 G T K V E V K 

FIG. 14D 
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FIG. 16A 
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PCT/US91/09711 

120----------------------, 

100 
C, 
~ 
z 
~ 80 
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FIG. 18A 
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• • 30 · • • 60 
ATGGAGAAAGACACACTCCTGCTATGGGTCCTGCTTCTCTGGGTTCCAGGTTCCACAGGT 

M E K D T L L L .W V L L L W V P G S T G 

• 90 • • 120 
GACATTGTGCTGACCCAATCTCCAGCTTCTTTGGCTGTGTCTCTAGGGCAGAGGGCCACC 

D I V L T Q S P A S .L A V S L G Q R A T 

• • 150 • • 180 
ATCTCCTGCAGAGCCAGCGAAAGTGTTGATAATTATGGCATTAGTTTTATGAACTGGTTC 

I S C R A S E S V D N Y G I S F M N W F 

• 210 • • 240 
CAACAGAAACCAGGACAGCCACCCAAACTCCTCATCTATGCTGCATCCAACCAAGGATCC 

Q Q K P G Q P P K L L I Y A A S N Q G S 

• • 270 • • 300 
GGGGTCCCTGCCAGGTTTAGTGGCAGTGGGTCTGGGACAGACTTCAGCCTCAACATCCAT 

G V P A R F S G S G S G T D F S L N I H 

• • 330 • • 360 
CCTATGGAGGAGGATGATACTGCAATGTATTTCTGTCAGCAAAGTAAGGAGGTTCCGTGG 

P M E E D D T A M Y F C Q Q S K E V P W 

• • 390 
ACGTTCGGTGGAGGCACCAAGCTGGAAATCAAA 

T F G G G T K L E I K 

·FIG. 19A 
• • 30 • • 60 

ATGGGATGGAGCTGGATCTTTCTCTTCCTCCTGTCAGGAACTGCAGGCGTCCACTCTGAG 
M G W S W I F L F L L S G T A G V H S E 

• • 90 • • 120 
GTCCAGCTTCAGCAGTCAGGACCTGAGCTGGTGAAACCTGGGGCCTCAGTGAAGATATCC 

V Q L Q Q S G P E L V K P G A S V K I S 

• • 150 • • 180 
TGCAAGGCTTCTGGATACACATTCACTGACTACAACATGCACTGGGTGAAGCAGAGCCAT 

C K A S G Y T F T D Y N M H W V K Q S H 

• • 210 • • 240 
GGAAAGAGCCTTGAGTGGATTGGATATATTTATCCTTACAATGGT<;;GTACTGGCTACAAC 

G K S L E W I G Y I Y P Y N G G T G Y N 

• • 270 • • 300 
CAGAAGTTCAAGAGCAAGGCCACATTGACTGTAGACAATTCCTCCAGCACAGCCTACATG 

Q K F KS KAT LTV D N·S S S TAY M 

• • 330 • • 36C 
GACGTCCGCAGCCTGACATCTGAGGACTCTGCAGTCTATTACTGTGCAAGAGGGCGCCCC 

D V R S L T S E D S A V Y Y C A R G R P 

• • 390 • 
GCTATGGACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA 
A M D Y W G Q G T S V T V S S 

FIG. 198 
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EcoRI 
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FIG. 20A 

EcoRI 
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FIG. 21 
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25/41 

1 D I Q M T Q s p s T L s A s V G D R V T 

1 D I Q M T Q s p s s L s A s V G D R V T = 
21 I T C R A s Q s I N T w L A w y 

21 I T C R A s E s V D N y G I s F M N w F 

37 Q Q K p G G A p K L L M y K A s s L E s 
41 Q Q K p G G A p K L L I y A A s N 0 G s 

57 G V p s R F I G s G s G T E F· T L T I s 
61 G V p s R F s G 5 G s G T D F T L T I s 

77 s L Q p D D F A T y y C Q Q y N s D s K 
81 s L Q p D D F A T y y C 0 Q s K E V p w 

97 . M F G Q G T K V E V K 
101 .1.... F G Q G T K V E I K 

FIG. 22A 

1 Q V Q L V Q s G A E V K K p G s s V K V 
1 Q V Q L V Q s G A E V K K p G s s V K V 

21 s C K A s G G. T F 5 R s A I I w V R Q A 
21 s .. c K A s G y T F T D y N M H w V R Q A 

41 p G Q G L E w M G G I V p M F G p p N y 
41 p G Q G L E w I G y I y p y N G G T G y 

61 A Q K F Q G R V r· I T A D E s T N T A y 
61 N 0 K F K s K A T I T A D E s T N T A y 

81 M E L s s L R s E D T A F y F C A G G y 

81 M E L s s L R s E D T A V y y C A R _G __ 

101 G I y s p E E y N G G L V T V s s 
100 R p A M D y W G ...Q.. G T L V T V s s 

FIG. 228 
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mal. 

10 20 30 40 50 60 
TATATCTAGA CCACCATGGG ATGGAGCTGG ATCTTTCTCT TCCTCCTGTC AGGAACTGCT 

70 80 90 100 110 i20 
GGCGTCCACT CTCAGGTTCA GCTGGTGCAG TCTGGAGCTG AGGTGAAGAA GCCTGGGAGC 

130 
TCAGTGAAGG TT 

ma2 

10 20 30 40 50 60 
AGCCGGTACC ACCATTGTAA GGATAAATAT ATCCAATCCA TTCCAGGCCT TGGCCAGGAG 

70 80 90 100 110 120 
CCTGCCTCAC CCAGTGCATG YTGTAGTCAG TGAAGGTGTA GCCAGAAGCT TTGCAGGAAA 

130 
CCTTCACTGA GCT 

ma3 

10 20 30 40 50 60 
TGGTGGTACC GGCTACAACC AGAAGTTCAA GAGCAAGGCC ACAATTACAG CAGACGAGAG 

70 80 90 100 110 
TACTAACACA GCCTACATGG AACTCTCCAG CCTGAGGTCT GAGGACACTG CA 

ma4 

10 20 30 40 50 60 
TATATCTAGA GGCCATTCTT ACCTGAAGAG ACAGTGACCA GAGTCCCTTG GCCCCAGTAG 

70 80 90 100 110 
TCCATAGCGG GGCGCCCTCT TGCGCAGTAA TAGACTGCAG TGTCCTCAGA C 

FIG. 23A 
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mas 

10 20 30 40 50 60 
TATATCTAGA CCACCATGGA GAAAGACACA CTCCTGCTAT GGGTCCTGCT TCTCTGGGTT 

10 00 90 too 110 120 
CCAGGTTCCA CAGGTGACAT TCAGATGACC CAGTCTCCGA GCTGTCTGTC CGCATCAGTA 

GG 

rna6 

10 20 30 40 50 60 
TCAGAAGCTT AGGAGCCTTC CCGGGTTTCT GTTGGAACCA GTTCATAAAG CTAATGCCAT 

70 80 90 100 110 120 
AATTGTCGAC ACTTTCGCTG GCTCTGCATG TGATGGTGAC CCTGTCTCCT ACTGATGCGG 

AC 

ma? 

10 20 30 40 50 60 
TCCTAAGCTT CTGATTTACG CTGCATCCAA CCAAGGCTCC GGGGTACCCT CTCGCTTCTC 

70 80 90 100 110 
AGGCAGTGGA TCTGG<:;ACAG ACTTCACTCT CACCATTTCA TCTCTGCAGC CTGATGACT 

ma8 

10 20 30 40 50 60 
TATATCTAGA CTTTGGATTC TACTTACGTT TGATCTCCAC CTTGGTCCCT TGACCGAACG 

70 80 90 100 110 
TCCACGGAAC CTCCTTACTT TGCTGACAGT AATAGGTTGC GAAGTCATCA GGCTGCAG 

FIG. 238 
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• • 30 • 60 
ATGGTTTTCACACCTCAGATACTTGGACTTATGCTTTTTTGGATTTCAGCCTCCAGAGGT 

M V F T P Q I L G L M L F W I S A S R G 

i • • 90 • • 120 
GATATTGTGCTAACTCAGTCTCCAGCCACCCTGTCTGTGACTCCGGGAGATAGCGTCAGT 

D I V L T Q S P A T L S V T P G D S V S 

• • 150 • • 180 
CTTTCCTGCAGGGCCAGCCAAAGTATTAGCAACAACCTACACTGGTATCAACAAAAATCA 

1 L S C R A S O S I S N N L H W Y Q Q K S 

• • 210 • • 240 
CATGAGTCTCCAAGGCTTCTCATCAAGTATGCTTCCCAGTCCATCTCTGGGATCCCCTCC 

H E S P R L L I K Y A S Q S I S G I P S 

• • 270 • • 300 
AGGTTCAGTGGCAGTGGATCAGGGACAGATTTCACTCTCAGTGTCAACGGTGTGGAGACT 

R F S G S G S G T D F T L S V N G V E .T 

• • 330 • • 360 
GAAGATTTTGGAATGTATTTCTGTCAACACACTAACAGTTGGCCTCATACGTTCGGAGGG 

E D F G M Y F C O O S N S W P H T F G G 

GGGACCAAGCTGGAAATAAAA 
G T K L E I K 

FIG. 25A 

• • 30 • • i 60 
ATGGGATGGAGCTGGATCTTTCTCTTCCTCCTGTCAGGAACTGCAGGTGTCCACTCTGAG 

M G W S W I F L F L L S G T A G V H S E 

• • 90 • • 120 
GTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCCTGGAGCTTCAATGAAGATATCC 

V Q L Q Q S G P E L V K P G A S M K. I S 

• • 150 • • 180 
TGCAAGGCTTCTGTTTACTCATTCACTGGCTACACCATGAACTGGGTGAAGCAGAGCCAT 

C K A S V Y S F T G .Y T M N W V K Q S H 

• • 210 • • 240 
GGACAGAACCTTGAGTGGATTGGACTTATTAATCCTTACAATGGTGGTACTAGCTACAAC 

G Q NL E WI G L I NP Y.N G GT S Y N 

• • 270 • • 300 
CAGAAGTTCAAGGGGAAGGCCACATTAACTGTAGACAAGTCATCCAACACAGCCTACATG 

Q K F K G K A T L T V D K S S N T A Y M 

• • 330 • • 360 
GAGCTCCTCAGTCTGACATCTGCGGACTCTGCAGTCTATTACTGTACAAGACGGGGGTTT 

E ~ L S L T S A D S A V Y Y C T R R G ~ 

• • 390 • • 
CGAGACTATTCTATGGACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA 

R D Y · S M D Y W G Q G T S V T V S S 

FIG. 25B 
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1 E I V L T Q 5 p G T L s L s p G E R A T 
1 E I V L T Q 5 p G T L 5 L s p G E R A T 

21 L s C R A 5 Q s V s 5 G y L G w y Q Q K 
21 L s C R A s 0 s I s N N L H w y Q Q K 

41 p G Q A p R L L I y G A s s R A T G I p 

40 p G Q A p R L L I .K y ·A s 0 s I s G I p 

• 
61 D R F s G s G s G T D F T L T I s R L E 
60 D R F s G s G s G T D F T L T. I s R L E 

81 p E D F A·V y y C Q Q y G s L G R T F G 

80 p E D F A V y y C Q 0 s N s w p H T F G 

101 Q G T K V E I K 
100, Q G T K V E I K 

FIG. 27A 

1 Q V Q L M Q s G A E V K K p ·G s s V R V 
1 Q V Q L V Q s G A E V K K p G s s V R V 

21 s C K T s G G T F V D y K G L w V R Q A 
21 s C K A s G y s F T G y T M N w V R Q A 

41 p G K G L E w V G Q I p L R F N G E V K 
41 p G K G L E w V G L I N p y N G G T s y 

61 N p G s V V R V s V s L K p s F N Q A H 
61 N 0 K F K G R V T V s L K p s F N Q A y 

81 M E L s s L F s E D T A V y y C A R E y 
81 M E L s s L F s E D T A V y y C T R _R __ 

101 G F D T s D y y y y y w G Q G T L V T V 
100 G F R D y s M D y w G Q G T L V '!' V 

121 s s 
118 s s 

FIG. 278 
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jb16 

10 20 30 40 so 60 
TAGATCTAGA CCACCATGGT TTTCACACCT CAGATACTAG GACTCATGCT CTTCTGGATT 

70 80 90 100 110 120 
TCAGCCTCCA GAGGTGAAAT TGTGCTAACT CAGTCTCCAG GCACCCTAAG CTTATCACCG 

• 
GGAGAAAGG 

jb17 

10 20 30 40 50 60 
TAGACAGAAT TCACGCGTAC TTGATAAGTA GACGTGGAGC TTGTCCAGGT TTTTGTTGGT 

70 80 90 100 110 120 
ACCAGTGTAG GTTGTTGCTA ATACTTTGGC TGGCCCTGCA GGAAAGTGTA GCCCTTTCTC 

CCGGTGAT 

jb18 

10 20 30 40 50 60 
AAGAGAATTC ACGCGTCCCA GTCCATCTCT GGAATACCCG ATAGGTTCAG TGGCAGTGGA 

70 80 90 · 100 i10 
TCAGGGACAG ATTTCACTCT CACAATAAGT AGGCTCGAGC CGGAAGATTT TGC 

jb19 

10 20 30 40 50 60 
TAGATCTAGA GTTGAGAAGA CTACTTACGT TTTATTTCTA CCTTGGTCCC TTGTCCGAAC 

70 80 90 100 110 
GTATGAGGCC AACTGTTACT CTGTTGACAA TAATACACAG CAAAATCTTC CGGCTC 

FIG. 28A 
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jb20 

10 20 30 40 50 60 
TATATCTAGA CCACCATGGG ATGGAGCTGG ATCTTTCTCT TCCTCCTGTC AGGAACTGCA 

70 80 90 100 110 120 
GGTGTCCACT CTCAAGTCCA ACTGGTACAG TCTGGAGCTG AGGTTAAAAA GCCTGGAAGT 

130 
TCAGTAAGAG TTTC 

jb21 
10 20 30 40 50 60 

TATATAGGTA CCACCATTGT AAGGATTAAT AAGTCCAACC CACTCAAGTC CTTTTCCAGG 

70 80 90 100 110 120 
TGCCTGTCTC ACCCAGTTCA TGGTATACCC AGTGAATGAG TATCCGGAAG CTTTGCAGGA 

130 
AACTCTTACT GAAC 

jb22 

10 20 30 40 50 60 
TATATAGGTA CCAGCTACAA CCAGAAGTTC AAGGGCACAG TTACAGTTC TTTGAAGCCT 

70 80 90 100 110 
TCATTTAACC AGGCCTACAT GGAGCTCAGT AGTCTGTTTT CTGAAGACAC TGCAGT 

jb23 

10 20 30 40 50 60 . 
TATATCTAGA GGCCATTCTT ACCTGAGGAG ACGGTGACTA AGGTTCCTTG ACCCCAGTAG 

70 80 90 100 110 
TCCATAGAAT AGTCTCGAAA CCCCCGTCTT CTACAGTAAT AGACTGCAGT GTCTTC 

FIG. 288 
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35/41 

• • 30 • 60 
ATGACATCACTGTTCTCTCTACAGTTACCGAGCACACAGGACCTCGCCATGGGATGGAGC 

M T S L F S L Q L P S T Q D L A M G W S 

• • 90 • • 120 
TGTATCATCCTCTTCTTGGTAGCAACAGCTACAGGTGTCCTCTCCCAGGTCCAACTGCAG 

C I I L F L V A T A T G V L S Q V Q L Q 

• ~ 150 • • 180 
CAGCCTGGGGCTGACCTTGTGATGCCTGGGGCTCCAGTGAAGCTGTCCTGCTTGGCTTCT 

Q P G A D L V M P G A P V K L S C L A S 

• • 210 • • 240 
GGCTACATCTTCACCAGCTCCTGGATAAACTGGGTGAAGCAGAGGCCTGGACGAGGCCTC 

G Y I F T S S W I N W V K Q R P G R G L 

• • 270 • • 300 
GAGTGGATTGGAAGGATTGATCCTTCCGATGGTGAAGTTCACTACAATCAAGATTTCAAG 

E W I G R I D P S D G E V H Y N Q D F K 

• • 330 • 360 
GACAAGGCCACACTGACTGTAGACAAATCCTCCAGCACAGCCTACATCCAACTCAACAGC 
_Q_ K A T L T V D K S S S T A Y I Q L N S 

• • 390 • • 420 
CTGACATCTGAGGACTCTGCGGTCTATTACTGTGCTAGAGGATTTCTGCCCTGGTTTGCT 

L T S E D S A V Y Y C A R G F L P W F A 

• • 450 
GACTGGGGCCAAGGGACTCTGGTCACTGTCTCTGCA 
_Q_ W G Q G T L V T V S A 

FIG. 30A 
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36/41 

• • 30 • • 60 
ATGCATCAGACCAGCATGGGCATCAAGATGGAATCACAGACTCTGGTCTTCATATCCATA 

M H Q T S M G I K M E S Q T L V F I S I 

• • 90 • • 120 
CTGCTCTGGTTATATGGTGCTCATGGGAACATTGTTATGACCCAATCTCCCAAATCCATG 

L L W L Y G A D G N I V M T Q S P K S M 

• • 150 • • 180 
TACGTGTCAATAGGAGAGAGGGTCACCTTGAGCTGCAAGGCCAGTGAAAATGTGGATACT 

Y V S I G E R V T L S C K A S E N V D T 

• 210 • • 240 
TATGTATCCTGGTATCAACAGAAACCAGAGCAGTCTCCTAAACTGCTGATATATGGGGCA 

Y V S W Y Q Q K P E Q S P K L L I Y G A 

• • 270 • • 300 
·TCCAACCGGTACACTGGGGTCCACGATCGCTTCACGGGCAGTGGATCTGCAACAGATTTC 

S N R Y T G V H D. R F T G S G S A T D F 

• • 330 • • 3 60 
ACTCTGACCATCAGCAGTGTGCAGGCTGAAGACCTTGCAGATTATCACTGTGGACAGAGT 

T L T I S S V Q A E D L A D Y H C G Q S 

• • 390 • 
TACAACTATCCATTCACGTTCGGCTCGGGGACAAAGTTGGAAATAAAG 

Y N Y P F T F G S G T K L E I K 

FIG. 308 
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EcoRI 
Xbal 

. pVg1-dhfr 

Ohfr 

FIG. 31A 

EcoRI 
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1 D I Q M T Q s p s T L s A s V G D R V T 
1 D I Q M T Q s p s T L s A s V G D R V T 

21 I T C R A s Q s I N T w L A w y Q Q K p 

21 I T C K A s E N V D T y V s w y Q Q K p 

41 G K A p K L L M y K A s s L E s G V p s 
.. 41 G K A p K L L I y 

= G A s N R y T G V p s 

61 R F I G s G s G T E F T L T I s s L Q p 

61 R F s G = s G s G T D F T L T I s s L Q p 

81 D D F A T y y C Q Q y N s D s K M F G 
81 D D F A T y y C G 0 s y N y p F T F G 

100 Q G T K V E V K 
100 Q G T K V E V K 

FIG. 32A 

1 Q V Q L V Q s G A E V K K p G s s V K V 
1 Q V Q L V Q s G A E V K K p G s s V K V 

21 s C K A s G G T F s R s A I I w V R Q A 
21 s C K A s G y I F T s s w I N w V R Q A 

41 p G Q G L E w M G G I V p M F G p p N y 
41 p G Q G L E w M G R I D p s D G E V H y 

61 A Q K F Q G R V T I T A D E s T N T A y 

61 N 0 D F K D R V T I T A D E s T N T A y 

81 M E L s s L R s E D T A F y F C A G G y 

81 M E L s s L R s E D T A V y y C A R G F 

101 G I y s p E E y N G G L V .T V s s 
101 L p w F A D W G_Q_G T L V T V s s 

FIG. 328 
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rhlO 

10 20 30 40 so 60 
TTTTTTCTAG ACCACCATGG AGACCGATAC CCTCCTGCTA TGGGTCCTCC TGCTATGGGT 

70 80 90 100 · 110 
CCCAGGATCA ACCGGAGATA TTCAGATGAC CCAGTCTCCG TCGACCCTCT CTGCT 

rhll 

10 20 30 40 50 60 
TTTTAAGCTT GGGAGCTTTG CCTGGCTTCT GCTGATACCA GGATACATAA GTATCCACAT 

70 80 90 100 110 120 
TTTCACTGGC CTTGCAGGTT ATGGTGACCC TATCCCCGAC GCTAGCAGAG AGGTTCCACG 

rh12 

10 20 30 40 50 60 . 
TTTTAAGCTT CTAATTTATG GGGCATCCAA CCGGTACACT GGGGTACCTT CACGCTTCAG 

70 80 90 100 110 
TGGCAGTGGA TCTGGGACCG ATTTCACCCT CACAATCAGC TCTCTGCAGC CAGATGAT 

rh13 

10 20 30 40 50 60 
TTTTTTCTAG AGCAAAAGTC TACTTACGTT TGACCTCCAC CTTGGTCCCC TGACCGAACG 

70 80 90 100 110 120 
TGAATGGATA GTTGTAACTC TGTCCGCAGT AATAAGTGGC. GAAATCATCT GGCTCCAGAG 

FIG. 33A 
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rh20 

10 20 30 40 50 60 
TTTTTCTAGA CCACCATGGG ATGGAGCTGG ATCTTTCTCT TCCTCCTGTC AGGTACCGCG 

. 70 80 90 100 110 
GGCGTGCACT CTCAGGTCCA GCTTGTCCAG TCTGGGGCTG AAGTCAAGAA ACCT .. 

rh21 

10 20 30 40 50 60 
TTTTGAATTC TCGAGACCCT GTCCAGGGGC CTGCCTTACC CAGTTTATCC AGGAGCTAGT 

70 80 90 100 110 .120 
AAAGATGTAG CCAGAAGCTT TGCAGGAGAC CTTCACGGAG CTCCCAGGTT TCTTGACTTC 

A 

rh22 

10 20 30 40 50 60 
TTTTGAATTC TCGAGTGGAT GGGAAGGATT GATCCTTCCG ATGGTGAAGT TCACTACAAT 

70 80 90 100 110 120 
CAAGATTTCA AGGACCGTGT TACAATTACA GCAGACGAAT CCACCAATAC AGCCTACATG 

130 
GAACTGAGCA GCCTGAG 

rh23 

10 20 30 40 50 60 
TTTTTCTAGA GGTTTTAAGG ACTCACCTGA GGAGACTGTG ACCAGGGTTC CTTGGCCCCA 

70 80 90 100 110 120 
GTCAGCAAAC CAGGGCAGAA ATCCTCTTGC ACAGTAATAG ACTGCAGTGT CCTCTGATCT 

130 
CAGGCTGCTC AGTT 

FIG. 338 
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27, 1996. The extended time for response does not exceed the statutory period. 

Please charge Deposit Account No. 07-0630 in the amount of $380.00 to cover the cost of the 

extension. Any deficiency or overpayment should be charged or credited to this deposit account. A 

duplicate of this sheet is enclosed. 

A copy of a document pursuant to 37 C.F.R. § 10.9(b) is attached as proof of the authorization of 

the undersigned to prosecute the above-mentioned application. The origin~l of this document is on file 

in the Office of Enrollment and Discipline. 

Date: March 27, 1996 

460 Pt. San Bruno Blvd. 
So. San Francisco, CA 94080-4990 
Phone: (415) 225-1994 
Fax: (415) 952-9881 

Revised (10/17/95) 
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• UNIT.TATES DEPARTMENT OF COMM~RCE . 
Patent and Trademark Office 
ASS1STANT SfrnET ARY ANO COMMISSlON:R 
Of PA lENTS ANO TRAEX:MARKS 
Washington. O.C. 20231 

LIMITED RECOGNITION UNDER 37 CFR § 10.9(b) 

Wendy M. Lee is hereby given limited recognition under 37 CFR § 10.9(b) as an 
employee of Genentech, Inc., to prepare and prosecute patent applications and to 
represent patent applicants wherein Genentech, Inc., is the assignee of record of the 
entire interest. This limited recognition shall expire on the date appearing below, or 
when whichever of the following events first occurs prior to July 15, 1996: (i) Wendy 
M. Lee ceases to lawfully reside in the United States, (ii) Wendy M. Lee's employment 

r with Genentech, Inc., ceases or is terminated, or (iii) Wendy M. Lee ceases to remain 
or reside in the United States on a H-1 B visa. 

I 

This document constitutes proof of such recognition. The original of this document 
is on file in the Office of Enrollment and Discipline of the U.S. Patent an'd ·Trademark 
Office. 

J 
Expires: July 15, 1996 

~-( .. ; \ -(..L•>.· 

Karen L. Bovard, Director 
Office of Enrollment and Discipline 
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UNITED STA.:'EPARTMENT DF COMMERCE 
Patent and Trademark Office 
Address: COMMISSIONER OF PATENTS AND TRADEMARKS 

Washington, D.C. 20231 

SERIAL NUMBER FILING DATE FIRST NAMED APPLICANT ATIORNEY DOCKETT NO. 

EXAMINER 

ART UNIT PAPER NUMBER 

t...{ 
DATE MAILED: 

EXAMINER INTERVIEW SUMMARY RECORD 

All participants (applicant, applicant's representative, PTO personnel): 

(1)---d~--=ah'--=--'-efr~d/~._L _____ (3) __________ _ 

--:v~Ll!I £ d:,dU 
(2)--~------------------ (4)---------------------

Date of Interview----~~------------.,---

Type: D Telephonic f(' Personal (copy is given to D applicant ,applicant's representativ~. 

Exhibit shown or demonstration conducted: D Yes D No. If yes, brief description: _~11,'-""'/t .... '/A~~~------------------

Agreement o was reached with respect to some or all of the claims In question. .ta" was not reached. 

Claims discussed: --"""~"""~-/-7'1~'-=-'::;.;;.._"'...,.$:'--________________________________ _ 
li ~ 

Identification of prior art discussed: _ _..,.,,4-"-"-'.%_,_V_=C,-~'""'£'-/--~~~~·--------------------------

Description of the general nature of what was agreed to if an agreement was reached, or any other comments: ~vJs(L~.t1k..s 6-'/.y~

'~/£/ ,? ~w, ,c1 ,ftza,,,.41 &iv.U,ri Pru I ~-£/ 01-f'/4.« -v,'J~vJ.$£/ ~hi 

~Jv.S =%"""~ t lrfe-v r4 A-1.t/ 7}1[}/1 ?' /At_.._ _,g.,,_/ 1f 

(A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render the claims allowable must be 
attached. Also, where no copy of the amendments which would render the claims allowable Is available, a summary thereof must be attached.) 

D 1. It is not necessary for applicant to provide a separate record of the substance of the Interview. 

Unless the paragraph below has been checked to indicate to the contrary, A FORMAL WRITIEN RESPONSE TO THE LAST OFFICE ACTION IS NOT 
WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW (e.g., items 1-7 on the reverse side of this form). If a response to the last Office 
action has already been filed, then applicant Is given one month from this interview date to provide a statement of the substance of the interview. 

D 2. Since the examiner's interview summary above (including any attachments) reflects a complete response to each of the objections, rejections and 
requirements that may be present in the last Office action, and since the claims are now allowable, this completed form is considered to fulfill the 
response requirements of the last Office action. Applicant is not relieved from providing a ~para1;.,i7rd of the substa~f the interview unless 

box 1 above is also checked. ~ £ ~,?;$ 

PTOL-413 (REV. 2 -93) ~ignature 

ORIGINAL FOR INSERTION IN RIGHT HAND FLAP OF FILE WRAPPER 
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In ra Ai,plicalion of: Paul J. Caller et al. 
Serial No.; 08/1«1,206 
Filed Oi: 17 Nawmba, 1993 • 
Mailed On: 27 August 1996 ~ 

X 

s 
Sta!em 

Foon 1-·w-: ,.&.. ,_.,R., 
Notice of 
Issue Fee Trana 
CemlialleolMaing 
Cer1ificale of erpraa Marv 
Ellpress Mai label No.; 

Docl<el No.: PD71l9P1 
&;: Wenot, M. Lee 
Reg. No.: P-41,378 

Matice To Filo Miss~ Pats («l;J 
~ofAtty 
Asiii,unenl 

-~f----=--
- llraq,:_ 
.·.:\~111: 

--~ 
- Fees:$_ 
- Olher: 
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l'a1.;m1. Doc:koi. l'0709l'l 

TN THE UNITlW STATES PATENT AND TRAIW~MARJ< OFFIGI•: 

In re Application of 

Paul J. Carter et al. 

Serial No.: 08/146,206 

Filed: November 17, 1993 

For: 

Group Art Unit: 181 o 

Examiner: D. Adams 

. . CERTIACaTe OF MAIUNG- . . 
·.-t_~Cll>i~ty·~-.u~·~.~11 .. ~l•~~rtdd.'Nllh:t~Unlkd 

':!~:~~~~:.:::'::·:!~~~;~~t;~ ;:~pc,~ 

SUBMISSION UNDER 37 CFR §] .1291at 

Assistant Commissioner of Patents 
Washington. D.C. 20231 

Sir: 

The accompanying papers are being filed in response to the Office Action maile.ci 

October 27. 1995 issuing a final rejection of the claims pending in the application. On Marcl1 

27. 1996, Applicimts filed a Notice of Appeal. Submitted herewith is a three month extension 

of time for making this submission. 

The present submission. in the form of a Supplemental Information Disclosure 

Statement. is being submitted under Section 1. 129Cal along with the fee set forth in Section 

1.17(r). 

Date: August 27. 1996 

460 Pt. San Bruno Blvd. 
So. San Francisco, CA 9~080 4990 
Phone: (415) 225-1994 
Fax: (4151952-9881 

Rcspe1;tfully submitted. 

GENENtECH. INC. 
I ·,, ' I 

; ; .;J.i .) , 
By; }_I~ ..... I; . .:,/..{. 

Wendy M. Lee 
Reg. No. P-40.378 

,.-· --
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l·'at,int. Docket 1'07091' I 

IN THJ< UNITED ST/11'1•:S PAT~JJND TRADEMA!IK OFFICE 

In ru Application of C:roup Art Unit.: lRIG 

b)xaminP,T'. D. Adams Paul ,T. Cart.or et al. 

Serial No.: OR/14(i,20ti 

FilHd: Novcmb,~r 17, l!J!Kl 

For: Ml{THOD FOR MAKINO 
InJMANIZED AN'l'lfK)Dlt:S 

SUPPLEMENTAL JNl•'ORMATION-DISCl,OSURE STATtWENT 

Assi11tant Commis!lionr.r of I 'atent.<a 
Washington, D.C. 202:n 

Sir: 

A1lpliCW1.ls imbmit herewith Jml,mt.s, puulica1.io118 or othr.r inform11.t.io11 (att~1r.hml hereto and liAt.ml 

ou Lhr: M.l:u:hed },'orm PT0-144:i) ot'whir.h thny are aware, wtu<:h 1.huy believe may I.," material l.o thi: 

<!K>1.miu11tion orthill application am! in respect of which thure may bo ;t duty to disclose in :u:rordanco wit.h 

:i1 Ct+'R§U\li. 

This Information lli;1<:losun\ 81~1.wrunnt: 

fo) 0 accomp,u1iP.11 tho new pa1 ... r1t: "l'l1lir:a1.ion subnlitt:ml hnrnwith. 37 CFR § I .97(a}. 

(h) 0 is liled within Lhme 1110111.111< all,,r t.h11 filin11: dal:f< ofthn application or within t.hrnn monlht1 
after t.hn 11111.,: of <mt.r_y 1,f thn nal.inn:11 1:1ta1:11 of a PCT 1tpi,licat.ion al! !lt't forth in !!7 
CFlt~ l.'191 

(c) n as far al.< iH known 1.f, l.lw ur1cler!!i(mn1I, is fil.,d boforn I.hi, maililll? •latn of a tirsl. Offico 
acl.ion oil the mnril.s. 

(,I) U is lilrnl all«r i.lw lir:,1. ! l(fo:" 1\d.in11 and murri tl1a11 1.hrnn muntbfl ntlnr thn applicntion's 
lil:ir,g ,!al" nr l'CT 11ali,,u:1I sl.airr, ,lal.H of nnl.1-:v filing buf;, a;; for a:1 i!'I known lo I.hi, 
un,lnrsi~nrnl, pnor 11, 1.h,· mailinit ,Jam of nil.hnr a final rrij111:l.io11 u,· a noti,~,~ nf ;11lowanc". 
whii:hnvnr rn~:ur,. fi.-,:s1 .. ,11111 i:, ,u:conrn:_111iod by either t.hn foe ($:.!201 H<>I. fort.h in :w CFH 
!i 1. I 7{p) or a cor1.ifi<:a1.io11 "" spocili"'l in :J7 CPR§ l.97(e). 11s-; r:hm:kcd bolow. Shoultl any 
foe hn ,lun, I.hi, U.S. l'atnnl. an,I Tr:ulmuark Offi,:,, is herohy authori~rl In charge lfopoi:ii. 
J\r:r.ount Nu. 07-06:10 in fh11 a.111ount ol' $220.00 to covnr the co~t. of this lu[um1at.inn 
l.lisdo,mro 8t.al.,mnnt. :\uy ,ldici,mcy or ovnrpaymont 11houl<l I.,., dinrgml or 1:rc•cli1.n,l l.o 
I.hi:< (lc~pn~it ,u:munl. A lbrnUJiate of this sheet is r,nclosed. 

lw\lf•dt t10l2.U186l 

---------· -- . 
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(n) II ii; lilett a1bir 1.h1, mailing dal.n of t1itlter a linal re_jocl.ion or a nolic<i of :.llowauce, whichnvr,r 
oN:urrntl lir:,,t., an,I iH a<.-companinJ by t.ho foe ($130) snl lt,rth in 37 CFR § l.17(i)(1) lllld 
ti cortilic:al1011 111< 1<1rndliml in :n Cl~lt § l.97(n), at< checkod bnlow. This dl)~uror.nt is t.o 
be co1111idered 111;; a petitiuh rnque.sting considerattion of the infurmation 
disclosure .=:tatcmcnt. Tho U.S. Pat .. nt. nml 'l'rademark Offir:., iH herebv authori:wJ to 
ch:1rgo l}eposi1. A1~x,unt No. 07-0G~m in thr, amount of$130.IIO to cover ·thl, m!lt. ofthii; 
Information [litr.lnsuru Statemnnl. Any defidr.ncy or overpaymr.nt should bn ,:harged or 
crodil.ml lo thif! dn1msiL account. A duplicate of this sheel is enclosed. 

(I) [XI is tillld :iflAlr the m11ilini.: dale ofa final rejt1ctioo, hula req11011t to withdraw ll1<! finality 
Lhcroofunder a7 Cl•'k § 1.1 :.!B(a) is 1111hmil.l.ud herewith. The U.S. Patent. and 'l'rndcmark 
Ollicc is hnrohy autbomnd to charge DeposiL Account No. M-0630 to covnr the co><I. of this 
Information Diiidosure Stal.em,ml. in the r.v,,nt that any lees nrc duo. A dltplfoatc of 
this sheet i!!I enclo11ed. 

llf nillier o[bo,i;m; (d) or (o) ix i:h.,.:k.ed abovn, the following •certification" under 37 CFR § l.97(") 

may need !.n be rompl<11.ud.l The und<1r~gned cortiJius that: 

n ~ach ii.nm ot'informaLion L'Ontainncl in the information disclosure sl.al.timenr. was cited in 
a con1munication maifod front a li>n,ign patr.nt ollic .. in a oountera,nrt foruign npplication 
not more lhan t.hflln month11 i1rior t.o the f\ling nrthis information diKl:losure ~t.ril.nmuut. 

ll No itom ol' informal.inn containnd in this information disclosure stal.cment wa>< ciwd in 
a conu11unication mailnJ fiom a fornign patent office in a munterpart. foreign application 
or, t.o l.hn knowlodgn of the mul<1rwigned alter making reasonable inquiry, wns known t.o 
any individual ,lMignntcd in 37 CFR § l.56(c) more tblln t.hrec months prior to the liline: 
of tluA information d.i><do,.ure at:o.(.()m,mt. 

A li,it of lbn pn.tcnt(s) ur 11uhlir.alion(s) ill ,mt. [urth nn lhc attar.hcJ l?orm PTO- U19 (Mrnlified). 

A 1:01,y oft.hr, il.cm,i ,m l.,T0-144H is i;11pplintl herowith: 

IXI o:.r.h u noon n only thol!O li,itud below: 

Tltotin pa1.c,nt(s) or publicat.ion(s) which arc marked wilh au ai;l.erillk (*) in I.he attar.hud l'T0-1449 form 

are not. su1tpliorl hc,c:lll>'e thny were; prnviously cited hy or submitl~d to 1.hn Ot11ce in a vrior application 

Sc,rial No. fl7/7 ll', 27:.!, filed l•I ,lurw_19!ll. an,I rnlie,\ upon in t.hi11 apJ)lirJtl.ion for nn earlier filinl{ chl.o 

undl)r :{r, use§ I '.l!l. 

A <>)ni:ise nxplnnal.io11 uf mlnva nc" of thn il,,rllH liA1:erl on (Yl'0-1449 it1: 

IX] not l!ivcn 

[I i.i""ll ii,r rn,d, !isl.ml irt,n1 

LI Kivon for only mm-r;nj!lish l:111gu11~n listed itcm(s) llfoquirerlf 

11 in t\ti> lorm ol',111 1·:n(!lish langungn mpy of a 8narch Ruporl. from II foruign palmtl. of(i1:1:, 

issuud in a m11111.nqrnrl; appli<:ation, which refori; to t.h,, rdnv:int: 11nrl.iu11s of t.h .. 
r<•f.,rr,ncm,. 
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118/l,l(l,206 l'age a 

Thn l!:xamin,:r ii< remindud I.hat a "mncii,;e explanaLion of tho rnl<!VllllCf:" of l;hc suumil.l.<lll prior arl. 

"may hn notJwig mom than idenl.ilir..atiou of Lho particuh1r figure or p,1 ragraph of the pntllnt or puulit:.1 tion 

which has somu ml~Lion to tho claimed invAntion," MPEP §609. 

While thu information and refer.,ncuJ< discluim,I i11 this Information l)i11r.lm:111rP. .Statement may be 

''mal.nrial" pur,mant to 37 CFR §l.6C:, ii: iA not. intendP.d to conat.it.ut.o an ndmisflion tb..t any pntenl. 

puhlir.11tinr1 or ol:lu~r i11formation reforrcd t,o therein ii< "1niur art" for thlli invi,nl.inn unless Sprn:ilically 

,lnHii;!:nnttod ai< sllch. 

ln a,·rnnlance with 37 (WR§ U!7(g), the fili.11~ of this Information DiMi:losuM Statenwnl i,hall nol 

'"' •~mstrucJ l.o mean that a !:!Oareh hmc boon maifo or th.at no ol.h1Jr material information as defined in !i7 

CF'R § l.56(a) Cxll!ts. It is submitted that the hiformation llisclm;ure Statement ill in compliance wilh 37 

CPR§ 1.98 and MPEP §609 :md the Examiner is rospoctfully ruqum1ted t.o conKidnr thP. li11tt«l rnferenccii. 

Dato: Augll!il 27, 1996 

,160 Pt. San Bruno Hlvcl. 
~n. San Franr;isco, CA !)4080-4990 
f'houe: (415) 225-1994 
Vi,x· (415) 952-9881 

rui~oo 
By: -·--

cndyM.Le" 
Rog. No. P-4ll,:i71•! 

~---~ ----
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Pal.cm!. fhicket P070Sf'I 

IN THE UNITED STATl<~8 PATENT ANO TRADEMAHK OFFTCI<~ 

In re Applic:;11,irm of 

Paul ,I. Cartr.r et al. 

Serial No.: 08/146,206 

l<'iled: Nov~mber 17, rn~l::l 

For: ME''THOO FOR MAK!NC 
HUMANIZ!<;U ANTIRODll<i>~ 

1:rnup Art, Unit: 18\G 

Rxaminer: D. Adamfi 

... .. -· . . . ·: '~· .. ·;., ~ 

I her~y -'-'.".t!.~~-:~~-~==~::L~;~f~~:~·~~-:. 
St1rt1sa r,Jtta:' ~lix:~ith ...i#~~:pOar.gc.~~~~:,M:,iwtn~ .. ~~
addfcsod to: ~~~t~iMio'* o(t';.t~··~!~'li~~/>·i;·iiflJ;n ~, 

.....• ~.~·~~l~ig,:;~, 
PE'l'ITJON AND l<'EE FOR THREE MONTH EXTENSION OF TIME 

'37 CFR 1. l3fi{a)} 

A.':lsi1::1ta111. Commisllioner of Patents 
Washington, D.C. 20231 

Sir: 

Appli<~mt 1mlitio11s the CommiK-"lionur ot' l'atent,1< aml 1'rademark11 l.n eittund the time for rm,ponse 

l.o I.ht: Notice of ApJmal dated 3/27/96 for ~{ month(s) frorn 5/27/96 to 8/27~16. The extnndud t.irne till' 

rr.sponsn does not oxc,md the statutory period. 

l'li,a<!e charg" l)npoi<it Account No. 07-ll(i!l!l iu thn amount of$ \100.00 lo covor the mi<l ofthn 

nxtcn«ion. Any clefir.iRncy or ovi,tl)Dymnnl. shoultl he ,,hnrgr.cl or credited ro thifl deposit ;11:01u11t. /j, 

clup lical.!! nr I.his sheet. i:- mu:loi<cJ. 

Dale: Augu;tl. 27, l!MJt; 

,H;O Pt. San iirimn Blvd. 
So . .S:u1 i"runr.iscu, CA ~"1080-•l'.1!!0 
l'honn: (,! I fl) 22!i-19!M 
Fax: ( ,t I r,J %2-tl8i:II 

..... -~ 

rtm,pm:lfolly ;a.ibmiU.utl. 

1;·1,:Nt·:N'l'l•:cu. )NC. 

:i. \ .s.-J,(~f 
1:1y: •. .-,. , -XLe 1 

Wc,n,I.I' M. L,1,, -----
ltuit. hlu. 1• .. 10.:\78 
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Paffint~~ 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE q /!t./Jtj-b 
r-, .. 
I • 
I 

In re Application of Group Art Unit: 1816 

Examiner: D. Adams Paul J. Carter et al. 

Serial No.: 08/146,206 

Filed: November 17, 1993 iljf.~i;v~#1@11,i;(ti.1ii~frilii~~i'i\~iiia~na~~ifiiilwi~tliii.yi'iite<1.</.··••.· 
····~:~·~\•lt::~i~:1it~::~:Jt~ikiitit:i&.11•1t'i}'f?;,./·•• 

For: METHOD FOR MAKING 
HUMANIZED ANTIBODIES 

f t111!1!11Btl1!~1t1;11 
SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

Applicants submit herewith patents, publications or other information (attached hereto and listed 

on the attached Form PT0-1449) of which they are aware, which they believe may be material to the 

examination of this application and in respect of which there may be a duty to disclose in accordance with 

37 CFR § 1.56. 

This Information Disclosure Statement: 

(a) [] 

(b) [] 

(c) a 

(d) a 

accompanies the new patent application submitted herewith. 37 CFR §l.97(a). 

is filed within three months after the filing date of the application or within three months 
after the date of entry of the national stage ~f a PCT application as set forth in 37 
CFR§l.491. 

as far as is known to the undersigned, is filed before the mailing date of a first Office 
action on the merits. 

is filed after the first Office Action and more than three months after the application's 
filing date or PCT national stage date of entry filing but, as far as is known to the 
undersigned, prior to the mailing date of either a final rejection or a notice of allowance, 
whichever occurs first, and is accompanied by either the fee ($220) set forth in 37 CFR 
§1.17(p) or a certification as specified in 37 CFR §l.97(e), as checked below. Should any 
fee be due, the U.S. Patent and Trademark Office is hereby authorized to charge Deposit 
Account No. 07-0630 in the amount of $220.00 to cover the cost of this Information 
Disclosure Statement. Any deficiency or overpayment should be charged or credited to 
this deposit account. A duplicate of this sheet is enclosed. 

Revised (l 0/20/96! 
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(e) D is filed after the mailing date of either a final rejection or a notice of allowance, whichever 
occurred first, and is accompanied by the fee ($130) set forth in 37 CFR § l. l 7(i)(l) and 
a certification as specified in 37 CFR §1.97(e), as checked below. This document is to 
be considered as a petition requesting consideration of the information 
disclosure statement. The U.S. Patent and Trademark Office is hereby authorized to 
charge Deposit Account No. 07-0630 in the amount of $130.00 to cover the cost of this 
Information Disclosure Statement. Any deficiency or overpayment should be charged or 
credited to this deposit account. A duplicate of this sheet is enclosed. 

(f) [X] is filed after the mailing date of a final rejection, but a request to withdraw the finality 
thereof under 37 CFR § l.129(a) is submitted herewith. The U.S. Patent and Trademark 
Office is hereby authorized to charge Deposit Account No. 07-0630 to cover the cost of this 
Information Disclosure Statement in the event that any fees are due. A duplicate of 
this sheet is enclosed. 

[If either of boxes (d) or (e) is checked above, the following "certification" under 37 CFR §1.97(e) 

may need to be completed.] The undersigned certifies that: 

D Each item of information contained in the information disclosure statement was cited in 
a communication mailed from a foreign patent office in a count~rpart foreign application 
not more than three months prior to the filing of this information disclosure statement. 

D No item of information contained in this information disclosure statement was cited in 
a communication mailed from a foreign patent office in a counterpart foreign application 
or, to the knowledge of the undersigned after making reasonable inquiry, was known to 
any individual designated in 37 CFR § l.56(c) more than three months prior to the filing 
of this information disclosure statement. 

A list of the patent(s) or publication(s) is set forth on the attached Form PT0-1449 (Modified). 

A copy of the items on PTO~ 1449 is supplied herewith: 

[XJ each D none D only those listed below: 

Those patent(s) or publication(s) which are marked with an asterisk(*) in the attached PT0-1449 form 

are not supplied because they were previously cited by or submitted to the Office in a prior application 

Serial No. 07/715 272, filed 14 June 1991 and relied upon in this application for an earlier filing date 

under 35 USC § 120. 

A concise explanation of relevance of the items listed on PT0-1449 is: 

[X] not given 

D given for each listed item 

D given for only non-English language listed item(s) [Required] 

D in the form of an English language copy of a Search Report from a foreign patent office, 
issued in a counterpart application, which refers to the relevant portions of the 
references. 

Revised 110/20/961 
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The Examiner is reminded that a "concise explanation of the relevance" of the submitted prior art 

"may be nothing more than identification of the particular figure or paragraph of the patent or publication 

which has some relation to the claimed invention," MPEP §609. 

While the information and references disclosed in this Information Disclosure Statement may be 

"material" pursuant to 37 CFR §1.56, it is not intended to constitute an admission that any patent, 

publication or other information referred to therein is "prior art" for this invention unless specifically 

designated as such. 

In accordance with 37 CFR §1.97(g), the filing of this Information Disclosure Statement shall not 

be construed to mean that a search has been made or that no other material infor~ation as defined in 37 

CFR § l.56(a) exists. It is submitted that the Information Disclosure Statement is in compliance with 37 

CFR § 1.98 and MPEP §609 and the Examiner is respectfully requested to consider the listed references. 
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Description 

The instant application discloses useful monoclonal antibodies (mAbs) against an epitope within the constant 
region of the human alpha/beta T-cell ·receptor (TCR), their production and use for immunosuppressive therapy in 

5 organ and bone marrow transplantation, in treatment of autoimmune diseases and for therapeutic applications in im
munoregulation. 

For decades Anti-leukocyte-antibodies for clinical and experimental use have been generated by immunizing, e. 
g. horses, rabbits, goats and rats with leukocytes, lymphocytes or subpopulations thereof or with various tumor cell 
lines. Specificity of such anti-leukocyte-globulin/Antithymocyte-globulin (ALG/ATG) preparations was usually obtained 

10 by careful selection of antigen sources or by absorption of undesired antibodies with different cell types such as eryth
rocytes, B-cells, selected cell lines, etc. This strategy, which resulted in high quality ALG/ATGs, requires a considerable 
expenditure of laboratory force, quality control, and the necessity to ascertain reproducible specificity from batch-to
batch. Within certain limitations, those ALG/ATGs made it possible to study leukocyte differentiation, the cellular origin 
of leukemia and lymphoma, to define T-cell subpopulations, and even to prepare antiidiotypic antisera. 

75 The therapeutic efficacy of ALG/ATGs is well known, especially for immunosuppression in organ transplantation. 
In addition, ALG/ATGs have been used successfully to treat patients with aplastic anemia and for •purging• bone 
marrow cells within the context of bone marrow transplantation. Despite the success with ALG/ATG preparations it is 
accepted that even with a reasonable amount of laboratory effort, these polyclonal anti-leukocyte-antibodies might 
vary from batch-to-batch and the specificity of these antisera is limited. 

20 Once the technique to produce mAbs was developed by Kohler and Milstein (Nature 225(1974)), it was possible 
to generate antibodies with much higher specificity as compared to ALG/ATG preparations. Since mAbs recognize not 
only distinct antigens, e.g. on cell surfaces, but also particular epitopes within such an antigen, they can be used with 
high efficacy to discriminate even between very similar cell populations, and to characterize the biochemical and func
tional aspects of the recognized antigen. 

25 One use of mAbs is in targeting carcinomas so that they can be treated or diagnosed. This is disclosed in 
W089/01783, for example, where a humanised antibody molecule having specificity for the TAG-72 antigen is dis
closed. This molecule comprises CDRs d its variable domain which are derived from the-mouse monoclonal antibody 
B72.3. The remaining immunoglobulin parts of the molecule are derived from a human immunoglobulin. 

mAbs have been most frequently and successfully used for immunosuppressive therapy in clinical organ trans-
so plantation. However, most mAbs have a broad immunosuppressive capacity, thus undesirably influencing functions of 

a wide spectrum of immune cells presumably not all involved in graft rejection. 
Among others, the monoclonal antibody OKT3, directed against mature human T cells, has been extensively used 

for the treatment of patients undergoing acute allograft rejection after kidney transplantation (Russell P.S., Colvin R. 
B., Cosimi, A.B.: Annu. Rev. Med. 35:63, (1984) and Cosimi A.B., Burton R.C., Colvin, R.B. fil-21: Transplantation 32: 

35 535, (1981)). Moreover, OKT3 and rabbit complement were used for purging mature T-cells from donor marrow to 
prevent acute graft-v-host disease (GVHD) in allogeneic bone marrow transplantation (Prentice, H.G., Blacklock, H. 
A., Janossy, G. m.2J: Lancet 1 :700, (1982) and Blacklock, H.A., Prentice, H.G., Gilmore, M.J. fil.2J.:Exp. Hematol. 11: 
37, (1983)). Whereas OKT3 treatment seems to be effective in the prevention of GVHD in allogeneic bone marrow 
transplantation for acute leukemia, a combined in vitro/in vivo treatment with OKT3 failed to prevent GVHD during 

40 l therapy for severe combined immunodeficiency (Hayward, A.A. et al.: Clin. Lab. Observ. 100:665, (1982)). 
Treatment of T-cells with OKT3 elicits several responses inconsistent with immune suppression including T-cell 

activation, production of immune mediators and T3-modulation. The T3-antigen complex recognized by CD3-mAbs ( e. 
g. OKT3) is postulated to play a crucial role during T-cell activation. Functional studies indicate that the T3-antigen 
complex is involved in specific immune functions as molecules functionally"and physically associated with the respective 

45 T-cell receptor. Under physiological conditions the mere binding of OKT3 to T-cells results in T-cell activation. When 
T-cells are activated in the presence of accessory cells, OKT3 is highly mitogenic for T-cells from all donors, whereas 
for anti-T3 mAbs of the lgG1 isotype, nonresponsiveness caused by polymorphism in the accessory cell function has 
been described. Additionally, it has been reported that stimulation of human peripheral blood lymphocytes with OKT3 
induces the production of immune mediators such as interferon (alpha-lFN) and interleukin-2 (IL-2) (Pang, R.H., Yip, 

so Y.K., Vilcek, J.: Cell lmmunol. 64:304, (1981) and Welte, K., Platzer~- Wang, C.Y., et al.: J. lmmunol. 131 :2356, (1983)). 
One of the earliest events after the binding of OKT3 to the T-cell membrane is the modulation of the T3 complex. T3 
modulation occurs under appropriate conditions in vitro as well as in vivo and this mechanism, among others, seems 
to be responsible for the "escape" of T-cells during in vivo therapy with OKT3. Also antigenic modulation seems to play 
a critical role in T-cell activation. 

55 In light of undesired effects of OKT3 described above, there was a need to create new mAbs having a specificity 
against mature lymphocytes and suitable for clinical application. Still another aspect and goal involves the coupling of 
such mAbs to cytotoxic agents (radioisotopes, toxins, enzymes, etc.) in order to improve their effectiveness in mediating 
cytolysis. 
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Another goal involved the modification, via genetic manipulation, of the mAb in order to produce chimeric antibodies 
having mixed murine and human characteristics in order to improve their effectiveness and/or lower their immuno
genicity in patients. 

Chimeric antibodies offer an additional advantage over murine mAb with regards to immunogenicity in patients. A 
5 . chimeric antibody would retain the affinity and specificity of the parental murine mAb and eliminate the patient immune 

response to the murine constant regions. A further refinement involves humanization of the variable regions. Only the 
complementarity de terming regions and selected framework amino acids necessary for antigen binding are maintained 
murine. The remaining framework regions are converted to human sequences. The resulting mAb of the present in
vention is thus essentially a human antibody with a much lower immunogenicity in patients. 

10 According to the present invention there is provided a chimaeric antibody specific for an epitope on the human 
alpha/beta T-cell receptor (TCR) which is recognised by mAb BMA 031, the antibody comprising: 

(a) a heavy chain whose variable region comprises the sequence of residues 1 to 120 of CIV-3 as shown in Table 
6A;and 

15 (b) a light chain whose variable region comprises the sequence of residues 1 to 107 of CIV-3 as shown in Table 
6B. We have made a useful mAb secreted by the hybridoma cell line designated as BMA 031 by immunizing mice 
with human peripheral blood T-lymphocytes separated by the E-rosette-technique (so called E+-cells). The mAb 
secreted by BMA 031 (in the following likewise designated as BMA 031) is a murine monoclonal antibody of the 
lgG2b isotype with a specificity for the alpha- and beta-<:hain of the TCR/CD3 receptor complex. As compared to 

20 OKT3 or BMA 030 (both clustered as CD3-antibodies), GMA 031 only very weakly induces mediator release after 
binding to T-cells. It is highly effective in clinical application, e.g. kidney transplant for patients with increased 
immunological risk when given post or at the time of the transplant-operation. Since no major side effects were 
observed with GMA 031 even at doses of up to 50 mg/dose, it may be advantageously given at time of surgery 
(preferably via a first injection of 50 mg intravenously) followed by a second injection 48 hours after transplantation. 

25 Graft function was perfect in almost all cases. 

BMA 031 defines, therefore, a valuable epitope on the alpha-beta TCR distinct from the epitope on CD3 recognized 
by OKT3 or by other mAbs against mature T-lymphocytes. In order to completely characterize this mAb and also to 
permit, by recombinant DNA techniques, exchange of the variable region frameworks outside of the hypervariable 

30 · regions and exchange of the human constant region in place of the endogenous murine constant region, the DNA 
coding for the heavy and light chains of BMA 031 was cloned and sequenced. 

The present inventors have recognised and defined the epitope on alpha/beta TCR. The present invention is 
directed to chimaeric antibodies directed against this epitope, having the characteristics set out in claim 1. 

Preferred embodiments of the chimaeric antibodies of the present invention are described in claims 2 to 5. 
35 A further aspect of the invention concerns the use of these antibodies in clinical application before, during or after 

transplant surgery, in bone marrow transplantation, in treatment of cancer (direct treatment of leukemic cells and indirect 
treatment of all types of cancer by activation of T-cell populations) and for therapeutic applications in immunoregulation. 

The antibodies of the present invention are also useful in the detection of immunocompetent T-cells. 
Additional aspects will become apparent upon study of the detailed description set forth below, which includes 

40 preferred embodiments of the present invention and which also includes other data for information purposes. 
The description refers by way of example to the accompanying drawings, wherein: 

Figure 1 graphically depicts the construction scheme of the BMA 031 genomic library; 

45 Figure 2 describes the probes used to screen the library; 

50 

Figure 3 graphically sets forth, in linear fashion, the human constant region expression vectors; 

Figures 4A, 4Band 4C show results of competitive immunofluorescence assays with BMA 031 Chimeric Antibodies. 

Figures SA and SB show results of T-cell proliferation assays with BMA 031 Chimeric Antibodies. 

Figures 6A, 68 and 6C show results of ADCC assays with the BMA 031 Chimeric Antibodies. 

55 Figure 7 shows the results of competitive immunofluoresence assays with BMA-EUC1 V3 antibody. 

As used herein, the term "epitope• refers to the structure recognized by the monoclonal antibody BMA 031 (this 
antibody has been discussed in Transplantation Proceedings, Vol XX, No 2, Suppl 2: 103-109 (April 1988) for example, 
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which explains that BMA 031 has stimulatory features different from those of several CD3 antibodies), and is generally 
thought to be independent of the remaining portion of the antigen on which the epitope is located. It is presently unknown 
exactly how the epitope is formed structurally but it is anticipated that it may be formed by either (i) a part of the amino 
acid sequence of the antigen molecule; (ii) the three-dimensional structure formed by non-contiguous amino acids 

5 within the same molecule; (iii) the three-dimensional structure formed by various molecules within an antigen complex; 
or (iv) some combination thereof. As used herein the term •monoclonal antibody (mAb)" means an antibody composition 
having a substantially homogeneous antibody population. It is not intended to be limited as regards to the source of 
the antibody or the manner in which it is made and in the most preferred embodiments is intended to include recombinant 
methods of manufacture. 

10 As used herein with respect to the exemplified BMA 031 antibody, the term "functional equivalent" means a mon-
oclonal antibody that: (a) blocks the binding of BMA 031 and whose binding is blocked by bound BMA 031; (b) binds 
selectively to human T-cells having expressed the alpha/beta TCR but not having expressed TCR-gamma and/or delta
chains; (c) has one of the known isotypes; (d) binds to the same antigen as BMA 031 as determined by immunopre
cipitation, western blotting or other biochemical analyses; (e) binds to the same antigen as determined by cells trans-

15 fected by gene(s) for the alpha/beta TCR or segments thereof. 

Example 1. Immunization and cell fusion 

Three Balb/c mice (female; age: 6-8 weeks) were twice immunized intraperitonally with 1.5 x 106 E+-cells each. 
20 Peripheral blood human T-lymphocytes were separated by the E-rosette-technique (rosette-formation with sheep red 

blood cells - E+-cells) and were derived from the peripheral blood of a healthy donor whose donated blood routinely 
tested HIV-negative for more than one year after having given the blood for immunization purposes. 

Three days after the last immunization, the spleens of all three mice were removed, a single cell suspension was 
prepared and the lymphocytes were fused with the murine myeloma cell P3X63-Ag8.653 (ATCC # CRL 1580) according 

25 to a standard fusion protocol. The myeloma cell P3X63-Ag8.653 is described as an immunoglobulin non-producer · 
mutant derived from the original myeloma cell P3-X63-AgB (ATCC # TIS 9). 

After fusion, cells (1 x 106 cells/well) were cultured in the presence of HAT-medium (Dulbecco's modified Eagle's 
medium + 10% FCS +0.1 mM hypoxanthine, 0.4 µM aminopterin, 16 iµM thymidine) to select for hybridoma cells. 

30 Example 2. Isolation and characterization of the hybridoma clone BMA 031 

Supematants of growing hybridoma cells (fusion number BW 242) were harvested routinely and tested for the 
presence of murine immunoglobulins in an ELISA test-system designed to measure murine lgG quantitatively: At the 
same time, the supematants were tested for antibodies with specificity for human lymphocyte cell surface antigens. 

35 Within this selection process. single cells were picked from the original well (BW 242111n) and were cultured 
separately. In subsequent steps these cells were repeatedly cloned by micromanipulation under microscopic control 
(BW 242/412). During three cloning cycles 100% of growing clones produced monoclonal antibodies with identical 
binding specificity and identical behavior with respect to biochemical criteria. One clone was selected and designated 
as BMA031. . 

40 Extensive analyses were carried out to define the specificity and the functional properties of the hybridoma clone, 
BMA031. 

A master seed bank and a working cell bank were established starting with the hybridoma clone BMA 031. The 
two cell banks underwent extensive examinations to assure absence of contamination with pathogens (mycoplasmatic, 

· bacterial and viral infections). In addition, starting from the master seed bank, experiments were carried out which 
45 showed that even after the 50th culture passage detectable variations in antibody specificity were neither measurable 

nor could non-producer mutants be detected when analysed by single cell cloning and by calculating antibody produc
tion rates in bulk culture. 

50 

55 

Example 3. Specificity of BMA 031 

Monoclonal antibodies directed to lymphocyte cell surface antigens are usually characterized by a binding assay. 
To analyse the specificity of BMA 031, cytofluorometric assay systems were used predominantly. In particular, binding 
assays were carried out as described below. 
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3.1 Analyses of the binding of BMA 031 with peripheral blood leukocytes 

Comparison of mAb reactivity with reference mAbs 

5 Defined subpopulations of PBLs were labelled either with a reference mAb and/or with BMA 031. If both mAbs 
have identical specificity they will stain identical populations of cells. In these studies, the reference mAbs used were 
those which had been previously characterized in the Workshops for Human Leukocyte Differentiation Antigens I., II. 
and Ill. (Paris, 1982; Boston, 1984; Oxford, 1986; Bernard, A.E.: Leukocyte Typing. Springer-Verlag (1984); Aeinherz, 
E.L.E.: Leukocyte Typing II. Springer-Verlag (1986); McMichael, A.J.E.: Leukocyte Typing Ill. Oxford University Press 

10 (1987). 

Expression of the antigen on different leukocyte subpopulations 

Peripheral blood leukocytes were analyzed on an Ortho Cytofluorograph 50H/2150 Computer-system modified for 
15 single-step analyses of whole blood. Cells were either directly labelled with BMA 031-FITC and/or with reference mAbs 

or alternatively stained in a second step with isothiocyanate-fluoresceinated rabbit anti-mouse lgG (lg-F(ab')2-FITC). 
By using cytofluorometric assays, it was discovered that binding of BMA 031 was only detected on cells of the T-cell 
lineage which express the alpha/beta T-cell receptor. BMA 031 does not react with cells which express the gamma/ 
delta T-cell receptor. BMA 031 can therefore effectively be used to discriminate between alpha/beta-TCA+ and gamma/ 

20 delta-TCA+ cells. Presence or absence of distinct TCA chains reflect the status of T-cell differentiation during T-cell 
ontogeny. 

In peripheral blood, molecules of the CD3-complex are predominantly expressed in association with the human 
alpha/beta-TCA (7). In healthy blood donors, the frequency of T-lymphocytes stained by BMA 031 is usually only 1-5% 
lower than-that measured with CD3 mAbs (for normal frequencies of CD3+ cells see 1-3). As shown with cloned T: 

25 cells, this population of CD3+ BMA 031- cells express the gamma/delta TCA instead of the alpha/beta TCA. In path
ological situations, however, the frequency of CD3+ BMA 031 · T-cells can increase to 20% of the CD3+ cells in individual 
patients. On CD3+ BMA 031+ cells, binding of BMA 031-FITC is blocked by OKT3 and vice versa in competitive im
munofluorescence assays. Nevertheless, by analyzing such data in more detail (comparison of fluorescence-histo
grams) and by blocking studies with anti-idiotypic antisera it can be clearly shown that BMA 031 recognizes a different 

30 epitope than all known CD3-mAbs. 

Example 4. Characterization of the functional properties of BMA 031 

BMA 031 is a murine monoclonal antibody of the lgG2b isotype. Due to the unique specificity and the isotype of 
35 BMA 031, this antibody triggers a specific pattern of biological functions. After binding to T-cells, BMA 031 does not 

induce T-cell proliferation comparable to CD3-mAbs of the lgG2a isotype (e.g. BMA 030, OKT3) in a three day thymidine 
incorporation assay nor does it induce Ca2+ influx in resting T-lymphocytes .. In contrast to CD3-mAbs such as BMA 
030 or OKT3, binding of BMA 031 to T-cells induces antigen modulation only weakly and triggers the release/production 
of cytokines to a very low extent. 

40 

Example 5. Preparation of DNA and ANA from BMA 031 

For preparation of genomic DNA, approximately 1 x 10s cells were grown in T-flasks. DNA was prepared by lysis 
in SOS, digestion with proteinase Kand RNAse A and sequential, gentle, phenoVchloroform extractions in high salt. 

45 Low density agarose gels indicated that the average length of the genomic DNA was greater than 50 kilobases (Kb); 
long length is important in creation of complete genomic clone libraries in lambda phage vectors. The yield was about 
10 mg of DNA. 

Approximately 1 os cells were also grown for ANA isolation. Cells were lysed and ANA extract~d using guanidinium 
thiocyanate: RNA yield was about 10 mg and it appeared clean and undegraded on agarose gels. Poly A+ RNA was 

50 prepared by binding total ANA to oligo dT cellulose. Yield was about 5%, i.e. about 500 µg of poly A+ mANA. 

Example 6. Sequencing BMA 031 heavy (H) and light (L) chains by primer extension of mRNA 

Because of the high abundance of specific mANA, immunoglobulins can be sequenced by primer extension of 
55 total poly A+· mRNA: This is also facilitated by their common constant regions which allow synthesis of •universal" 

primers with which to begin the extension. Subsequent primers can be made as sequence information is gathered. 
"Universal• H and L chain primers (Light chain 'Universal" Primer: 5'TGGATGGTGGGAAGATG3'; Heavy chain "Uni
versal" Primer: 5'GGGGGCCAGTGGATAGAC3') were isotopically end labelled with polynucleotide kinase and hybrid-
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ized individually to about 7 µg aliquots of BMA 031 poly A+ mRNA. The hybridized product was extended using avian 
reverse transcriptase in the presence of dideoxy nucleoside triphosphates. Reaction products were separated on gra
dient acrylamide gels and autoradiographed. About 200 nucleotides (NT) of sequence were read from the initial ex
tension. For both Hand L chains, two additional primers were synthesized, each 17-18 NT in length, namely 

#149 (Light) 5'AGGGACTCCAGAAGCCA3' 

#180 (Light) 5'CTGGAGATGCAACATG3' 

t179 (Heavy) 5'CTCCATGTAGGCTGTACT3' 

U78 (Heavy) 5'cCAGAAGCCTTGCAGGA3' 

The extension primers as described above generate complete, overlapping sequence (a total of about 440 NT for 
each gene) specifying the H and L chain variable (V) regions. 

The sequences obtained are listed in Table 1 A (Heavy) and 1 B (Light). Positions of the signal sequence, start of 
the mature protein, invariant cysteines, complementarity determining regions (CDR), joining region (J), and primers 
used in sequencing are indicated. These sequences were confirmed by DNA sequencing of isolated lambda clones 
(see Example 7 below). 

Example 7. Construction and Screening of a Genomic Clone library 

The general strategy of the library construction is depicted in Figure 1 and Table 2 Parts A and B. Total genomic 
25 DNA was partially digested with the restriction enzyme Sau 3A. DNA from the digest in the size range 10-20 Kb was 

isolated by preparative gel electrophoresis and binding to glass-impregnated paper. The resulting material was ligated 
with phage •arms" from the lambda vector EMBL-3 (ATCC #37266). Ligated material was packaged into phage particles 
(cloning efficiency 1 x 10s pfu/µg genomic DNA). Recombinant clones were plated at a density of 105/plate. Replica 
filter lifts were performed on each plate and the nitrocellulose filter discs were processed for hybridization. These disks 

so were hybridized in duplicate to 32p-labelled fragment probes derived from the intron between V and C axons of H or L 
chain (these probes are •universal' lg probes). Putative positive clones were confirmed and plaque-purified by up to 
four rounds of rescreening. Rescreening was carried out with radiolabelled, synthesized oligomers (17 - 33 NT) cor
responding to hypervariable regions known from Example 6. The approximate relative location of the fragments and 
oligomers used as probes for screening are indicated in Figure 2. 

35 After exhaustive screening of the library, multiple positive lambda clones were isolated containing BMA 031 Hand 
L chain axons. As listed in Table 2, Part C, of 14 H chain clones initially identified, 4 were true positives; of 27 L chain 
clones, 7 were real. The genomic sequence of the H and L chains as determined by both Sanger and Maxam-Gilbert 
sequencing, are listed in Tables 3A and 38, respectively. 

40 Example 8. Vector construction for expression of chimeric BMA 031 

The H chain of chimeric BMA 031 was synthesized by a vector containing the human gamma 1 constant region 
or a second vector containing the gamma 4 constant region. For the L chain, the vector contained the human kappa 
constant exon. Each vector also contained an upstream cloning site for the· respective BMA V gene, drug selectable 

45 markers, and signals necessary to allow replication in bacteria. Restriction maps of these vectors are shown in Figure 
3. The V axons of BMA 031 H and L chains were subcloned into the vectors described above. 

Example 9. Transfection of chimeric BMA 031 gene into myeloma cells for expression 

50 The chimeric constructs described above were co-transfected into SP2/0 (ATCC #CAL 1581 ), a non-immunoglob-
ulin-producing murine hybridoma, by electroporation. After a 4B hour expression period, the resultant cells or, trans
fectomas, were placed in media containing both mycophenolic acid (1 µg/ml) and Geneticin (1 mg/ml) (Gibco). Growth 
of the transfectomas was apparent in about two weeks. The transfection efficiency in double selection was approxi
mately 1 x 10-s. The proportion of drug-resistant clones secreting antibody was greater than 50% with the level of 

55 antibody secretion varying from about 1 µg/ml to about 17 µg/ml. 
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Example 10. Subcloning of Transfectomas 

The BMA 031-G1 and BMA 031-G4 cell lines were subcloned to eliminate genetic heterogeneity that may have 
arisen since the original transfection. The best subclone of each chimeric transfectoma was isolated and analyzed for 

5 antibody production. These final cell lines, BMA031-G1-1 and BMA031-G4-1, produced antibody at a rate of 7 pg/celV 
24 hours for lgG1 and S pg/celV24 hours or lgG4. Saturated cultures accumulate antibody to 35 µg/ml for lgG1 and 
15 µg/ml for lgG4. 

10 

Example 11. Characterization of chimeric BMA 031 

The antibodies, herein referred to as BMA 031-G1 and BMA 031-G4, secreted by BMA 031-G1-1 and BMA 
031-G4-1, respectively, were tested to ensure that they were indeed BMA 031 mouse-human chimeric antibodies. 
Analysis by a series of ELISA assays showed that the antibodies contained human kappa and human gamma constant 
regions. Moreover, the antibodies did not react with antibodies directed against murine kappa or gamma constant 

15 regions. lsotyping reagents also confirmed that the chimeric antibodies were of the lgG1 and lgG4 isotypes. 
The purified chimeric antibodies were also shown to be functionally active in an immobilized cell ELISA assay. 

Both ·chimeric antibodies bound to PBL-ALL cells in a similar fashion as the original murine BMA 031. Directly labelled 
chimeric antibodies BMA 031-G1-FITC, and BMA 031-G4-FITC, were used in cytofluorometric assays systems to 
compare the specificity of these antibodies with murine BMA 031-FITC. A typical reactivity pattern of these antibodies 

20 with peripheral blood leukocytes is shown in Table 4. In competitive immunofluorescence assays, preincubation of 
human lymphocytes with chimeric BMA 031-G1 or BMA 031-G4 blocked binding of murine BMA 031-FITC and vice 
versa (See Figure 4A-4C). All these data indicate that the specificity of chimeric BMA 031-G1 and BMA 031-G4 is 
identical to murine BMA 031. 

However, the functional properties of chimeric BMA 031-antibodies clearly differ from murine BMA 031 or from 
25 CD3-mAbs such as BMA 030. It is well known that most CD3-mAbs (e.g. BMA 030) trigger T-cell proliferation even in 

low doses but have no mitogenic effect when used in high concentrations (See Figures SA and SB). This effect is known 
as "high dose inhibition'. 

In contrast to murine BMA 031, ·both chimeric BMA 031-mAbs are highly effective in triggering T-lymphocyte pro
liferation as measured in a 3 day or 6 day thymidine incorporation assay without showing any evidence of high dose 

30 inhibition effects even in.much higher dose ranges. Two representative experiments are shown in Figures SA and SB. 
In such experiments, the height of responsiveness and the optimal concentration for stimulation with BMA 030 or other 
CD3-mAbs may differ from blood donor to blood donor due to individual differences of the immune status. 

As described above (Example 4), in contrast to CD3-mAbs, binding of murine BMA 031 to human T-lymphocytes 
usually results in the release of only low concentrations of immunomediators. Again, chimeric BMA 031 antibodies 

35 differ in this respect from murine BMA 031 as well as from BMA 030 (CD3). In Table 5, a representative experiment is 
shown, where release of immunomediators is measured by induction of HLA-Dr expression on COLO 20S-cells. 

It is known from the literature that COLO 205 cells respond with an enhanced expression of HLA-DR antigens 
after incubation with recombinant immunomediators like gamma-Interferon, Tumor Necrosis Factor or supernatants of 
activated T-cells which contain such factors. By comparing the enhancement of HLA-DR expression induced by su-

40 pernatants of activated T-cells with reference values generated by the use of recombinant factors such as gamma-
1 nterferon, the amount of immunomediators in culture supernatants can be determined. The data summarized in Table 
5 indicate that the kinetics and the amount of immunomediators released after binding of chimeric BMA 031 antibodies 
differ from the effects triggered by murine BMA 031 or the C03-mAb BMA 030. 

Since the chimeric BMA 031 antibodies were able to interact efficiently with human Fe receptors in the T cell 
45 proliferation assays, there was a strong possibility that they would have high ADCC titers as well. To evaluate the 

ADCC capacity of these mAbs, they were compared to rabbit anti-GH-1 antiserum selected as the best out of eight 
rabbit anti-human T cell globulins in ADCC capacity. The data of a representative experiment is shown in Figures 6A-
6C. Even at low effector:target cell ratios (Figure 6A) or extremely low antibody concentrations (Figure 68, 6C), chimeric 
BMA 031 antibodies are highly potent in killing HPB-ALL cells. In contrast, murine BMA 031 is very poor at ADCC. 

so Accordingly, if cytolysis is an important criteria, BMA 031 can be advantageously used conjugated to a cytotoxic moiety. 

55 

Example 12. Production of "civilized" BMA 031 Antibodies 

Determination of civilized BMA 031 amino acid sequence 

In the past, 'humanization• has been associated with chimeric constructions in which murine V regions are ex
pressed with human C regions. To avoid confusion, the term "civilized" is used herein for constructions of "humanized" 
V regions expressed with human C regions. 
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To determine the optimal human sequence with which to civilize the murine BMA 031 antibody, the murine BMA 
031 amino acid sequence was used to search the NBRF data base for the most homologous human antibody. Since 
molecular models of antibodies show strong interactions between the heavy and light chains, it was decided to use 
the heavy and light chains from the same human antibody. The human EU antibody turned out to be the best overall 

5 choice. The homology between the BMA 031 and EU FRs (#1-3) was 66% for the H chain and 63% for the L chain. 
The BMA 031 antibody uses JH3 and J1C5. These are most homologous to human JH4 and J1C4. A first generation 
civilized BMA 031 antibody would contain BMA 031 CDRs, EU FRs and homolgous human J regions. This antibody 
is referred to as BMA 031-EUCIV1 (Table 6A and 68). 

A refinement to this basic civilized version can advantageously be made in the sequence immediately before and 
10 after the CDRs. The CDRs are assigned based on sequence homology data (Kabat et al., 1987). Molecular models of 

antibodies have shown that the actual CDR loops can contain amino acids up to 4 amino acids away from the "Kabat• 
CDRs. Therefore, maintaining at least the major amino acid differences (in size or charge) within 4 amino acids of the 
CDRs as murine may be beneficial. This antibody is referred to as BMA 031-EUCIV2 (Table 6A and 68). Additionally, 
all differences within four amino acids of the CDRs could be maintained murine. This antibody has been designated 

15 as BMA 031-EUCIV3. 
It will be readily recognized that further refinements can be made, but, without complex computer modelling, it is 

difficult to prioritize their importance. However, a simplified computer model was generated based on sequence ho
mology to other antibodies with solved structures. This model was used to judge proximity of framework amino acids 
to the CDRs. The results of this analysis are shown in Tables 7A and 7B. These results were used to address the 

20 refinements discussed below. For example, several amino acids are either BMA 031 specific or EU specific (ie. different 
from the consensus sequence within their subgroups). Since these amino acids presumably arose through somatic 
mutation to enhance their respective activities, it would seem logical to maintain the BMA 031 specific amino acids 
and change the EU specific amino acids to the human consensus. But this can have potential adverse consequences. 
Changing an amino acid in one chain may cause changes in the interactions with other amino acids of that chain as 

25 well as with amino acids in the other chain. Therefore, extreme caution must be exercised to limit the number of changes. 
Table 8 outlines these potential changes. 

As can be seen, EU differs from the human VH-1 subgroup consensus sequence in six positions. Three are within 
4 amino acids of the CDRs (#70,95,98), and these are addressed in BMA-EUCIV3. In one position (#93) the human 
consensus sequence is the same as BMA 031. One could rationalize changing this from EU back to BMA 031, so this 

30 change was incorporated into BMA-EUCIV3. For the two remaining positions (#72,74), there is no human consensus. 
However, the computer model shows that they may be close to the CDRs so it was decided to use the BMA 031 amino 
acids in BMA-EUCIV4. The light chain had five EU specific amino acids. One is within 4 amino acids of the CDRs (#48) 
and is maintained as BMA 031 in BMA-EUCIV3. In two positions (#63,81) the human consensus is the same as BMA 
031 and therefore could be maintained as BMA 031. These changes were made in BMA-EUCIV4. The other two 

35 positions (#10,70) are open to debate. The computer model identified position #70 as being potentially important so 
this change was made in BMA-EUCIV4. Amino acid #10 was kept as EU. There are eight BMA 031 specific amino 
acids in the H chain. In two positions (#7,82) the BMA 031 sequence is the same as EU. Position #72 was addressed 
above. His94 is unique to BMA 031 and very close to CDR3; it was decided to incorporate this change into BMA
E UCIV3. Of the remaining four positions (#1, 9,20,40), only #40 is close to the CDRs so this change was made in BMA-

40 EUCIV4. The others were maintained EU. There are no BMA 031 specific amino acids in the L chain. The sequence 
is identical to the subgroup VI consensus. 

The final sequence of BMA-EUCIV4 was determined based on the preliminary computer model. For the heavy 
chain, two additional positions appear to be close to the CDRs, #77 and #87, and these were changed to the BMA 031 
amino acids. For the light chain, two positions (#21,60) appeared to be removed from the CDRs; we decided to use 

45 the EU amino acids in this variant. Five additional positions (#1,3,4,42, 71,100) were judged to be close enough to the 
CDRs for interaction, so they were changed to the BMA 031 amino acids. 

Synthesis and expression of civilized BMA 031 antibodies 

so The light and heavy chain variable region axons encoding the civilized antibodies were synthesized and replaced 
into the previously isolated genomic fragments of BMA 031. These fragments were inserted into mammalian expression 
vectors containing the human kappa and gamma 1 constant region axons. The civilized genes were transfected into 
Sp2/0 hybridoma cells by electroporation and transfectomas secreting civilized BMA 031 were isolated. Secretion 
levels varied up to 7 pg/cell/24 hr. · 

ss The BMA-EUCIV1 and BMA-EUCIV2 antibodies were unable to bind to T cells. In contrast, BMA-EUCIV3 bound 
specifically to T cells and competed effectively with both the murine BMA 031 antibody and the previously constructed 
chimeric BMA 031-G1 antibody for binding to these cells (Figure 7). 
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Framework amino acids important for antigen binding 

The T cell binding data with the civilized BMA 031 antibodies show the importance of framework amino acids in 
antigen binding. Inclusion of only the BMA 031 CDRs (BMA-EUCIV1) was not sufficient to maintain affinity for antigen. 

5 Twelve amino acid substitutions were rnade in the heavy chain V region to regain binding affinity 
(#27,28,30,38,48,67,68,70,93,94,95,98). Of these, six may be more important (#38,48,70,93,94,95) since they repre
sent changes from BMA-EUCIV2, which does not bind well, to BMA-EUCIV3, which does bind well. Similarly, for the 
light chain V region, five amino acid substitutions were made (#21,46,47,48,60). Of these, three (#21,47,48) were made 
from BMA-EUCIV2 to BMA-EUCIV3 and thus may be more important. 
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TABLE 1A 

BMA-031 mRNA HEAVY CHAIN VARIABLE REGION SEQUENCE 

CACTACTCTAACATGGAATGGAGTTGGATATTTCTCTTTCTCCTGTCAGG 
H E V S V I F L F L L S G 

1---- - --------------------------Signal 

AACTGCAGGTGTCCACTCTGAGGTCCAGCTGCAGCAGTCTGGACCTGAGC 
T A G V B S E V Q L O Q S G P E L 

Sequence---------! 1 

Primer U78 
TGGTAAAGCCTGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGATAT 

V KP c·~·S V KM SC KA S G Y 
22 

AAATTCACTAGCTATGTTATGCACTGGGTGAAGCAGAAGCCTGGGCAGGG 
K F T S Y V H H V V K Q K P G Q G 

1----CDR 1----1 

CCTTGAGTGGATTGGATATATTAATCCTTACAATGATGTTACTAAGTACA 
L E V I G Y I N P Y N D V T K Y N 

1-----------------~---CDR 2-------

ATGAGAAGTTCAAAGGCAAGGCCACACTGACTTCAGACAAATCCTCCAGT 
E K F K G K A T L T S D K S S S 

---------. ------1 

Primer ft179 
ACAGCCTACATGGAGCTCAGCAGCCTGACCTCTGAGGACTCTGCGGTCCA 
T A Y M .E L S S L T S E D S A V B 

TTACTGTGCAAGAGGGAGCTACTATGATTACGACGGGTTTGTTTACTGGG 
Y C A R G S Y Y D Y D G F V Y V G 

92 I------DSP2.2---~---CDR 3-------1 

GCCAAGGGACTCTGGTCACTGTCTCTGCAGCCAAAACAACACCC •••••• 
Q G T L V T V S A A K T T P 

JB3 !----------~--Constant 

CB Primer 
••• GTCTATCCACTGGCCCC ••• 
Region-----------------
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TABLE 18 

BMA 031 mRNA Light Chain Variable Region Sequence 

TTAGCTAGGGTCCAAAATTCAAAGACAAAATGGATTTTCAAGTGCAGATT 
M D F Q V Q I 

!---------------Signal 

TTCAGCTTCCTGCTAATCAGTGCCTCAGTCATAATATCCAGAGGACAAAT 
F S F L L I S A S V I I S R G Q I 
Sequence-----------------------------------1 1 

Primer i180 
TGTTCTCACCCAGTCTCCAGCAATCATGTCTGCATCTCCAGGGGAGAAGG 

V L T Q S P A I M S A S P G E K V 

TCACCATGACCTGCAGTGCCACCTCAAGTGTAAGTTACATGCACTGGTAC 
T M T C S A T S S V S Y M B V Y 

231-----------CDR 1---~--------1 
CAGCAGAAGTCAGGCACCTCCCCCAAAAGATGGATTTATGACACATCCAA 
Q Q K S G T S P K R V I Y D T S K 

1--,----CDR 2 

Primer #149· 
ACTGGCTTCTGGAGTCCCTGCTCGCTTCAGTGGCAGTGGGTCTGGGACCT 

L A S G V P A R F S G S G S G T S 
--------1 
CTTACTCTCTCACAATCAGCAGCATGGAGGCTGAAGATGCTGCCACTTAT 

Y S L T I S S M E A E D A A T Y 

TACTGCCAGCAGTGGAGTAGTAACCCGCTCACGTTCGGTGCTGGGACCAA 
Y C Q Q V S S N P L T F G A G T K 

881---~------CDR 3----------1 JKS 

GCTGGAGCTGAAACGGGCTGATGCTGCACCAACTTG •••••••••••••• 
L E L K R A D A A P T 

1-----------------------------Constant 

, __ CL Primer__ . 
••.••• CATCTTCCCACCATCCA •••••• 
Region----~------------------
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TABLE 2 

A. Construction of BAM 031 Genomic Library 

Packaging Efficiency 

(phage/µg DNA) 

y DNA 3.6 X 108 

Ligated arms alone 4.0 X 101 

Ligated arms + control insert 6.8 X 106 

Ligated arms+ BMA 031 DNA 1.5 X 106 

B. Calculated for a Statistically Complete Library 

c. 

ln (1 - P) 

N = -------------
ln (1 - F) 

N = number clones 

P = desired probability 

F = fractional proportion 
of genome in a single 
clone 

To achieve a 99% probability of having a particular DNA sequence 

represented in a library of 15 Kb fragments of a mammalian genome 

(3 x 109 bp), the library must contain 9.2 x 105 clones. 

Screening·of the BMA 031 Genomic Library 2 x 106 Phage2 

Intron Probe V-region Probe 
Heavy Light Heavy Light 

Master 14 27 N.D. N.D. 
20 12 20 N.D. N.D. 
30 10 19 4 7 
40 4 7 4 7 
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·TABLE 3A 

BMA 031 Heavy Chain Genomic Sequence 

AAGCTTATCTGTAAATCAACATGCTAACATATCCCAGAATAGAGCAACAG 
-------- +---------+---------+---------+---------+ so 
Tl'CGAATAGACATTTAG'.I'TGTACGATTGTATAGGGTCTTATCTCGTTGTC 

ACTAAGGCCAAATATCAACTGAGAGATTTGTCCCTGTAGTTACAACCATA 
---------+---------+---------+---------+---------+ 100 
TGATrCCGGTTTATAGTTGACTCTCTAAACAGGGACATCAATGTTGGTAT 

TCAGCAGTTCAGGACTCATAGAAAGTGTATTGGATGCATTTCCTGAGAGA 
---------+---------+---------+---------+---------+ 150 
AGTCGTCAAGTCCTGAGTATCTTTCACATAACCTACGTAAAGGACTCTCT 

GGAATTGAATTTAGACTTTAACTTCCTGATGCCTCACCTGTGTGTCTTTT 
-·-------+- -------+---------+---------+---------+ 200 
CCTTAACTTAAATCTGAAATTGAAGGACTACGGAGTGGACACACAGAAAA 

CAGTCCTTCCTCTCCAGTTCTTCTCCAGCTGGACTAGGTTCTTATGTAAG 
---------+---------+---------+---------+---------+ 250 
GTCAGGAAGGAGAGGTCAAGAAGAGGTCGACCTGATCCAAGAATACATTC 

AAGTCCCCTGCTCATCATTATGCAAATTACCTGAGTCTATGGTGATTAAA 
---------+---------+---------+---------+---------+ 300 
TTCAGGGGACGAGTAGTAATACGTTTAATGGACTCAGATACCACTAATTT 

ACAGGGATGTCCACACCCTTTAAATCAACCGACGATCAGTGTCCTCTCCA 
- -------+---------+---------+---------+---------+ 350 
TGTCCCTACAGGTGTGGGAAATTTAGTTGGCTGCTAGTCACAGGAGAGGT 

AAGTCCCTGAACACACTGACTCTAACCATGGAATGGAGTTGGATATTTCT 
---------+---------+---------+---------+---------+ 400 
TTCAGGGACTTGTGTGACTGAGATTGGTACCTTACCTCAACCTATAAAGA 

M E V S V I F L 
1-----------------Signal 

CTTTCTCCTGTCAGGAACTGCAGGTAAGGGGCTCACC~GTTCAAAATCTG 
---------+---------+---------+---------+---------+ 450 
GAAAGAGGACAGTCCTTGACGTCCATTCCCCGAGTGGTCAAGTTTTAGAC 

F L L S G T A 
Sequence------------
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AAGTGGAGACAGGACCTGAGGTGACAATGACATCTACTCTGACATTCTCT 
---------+--- -----+---------+---------+---------+- 500 
TTCACCTCTGTCCTGGACTCCACTGTTACTGTAGATGAGACTGTAAGAGA 

CCTCAGGTGTCCACTCTGAGGTCCAGCTGCAGCAGTCTGGACCTGAGCTG 
---------+---------+---------+---------+---------+ 550 
GGAGTCCACAGGTGAGACTCCAGGTCGACGTCGTCAGACCTGGACTCGAC 

G V H S E V Q L Q Q S G P E L 
----------1 1 

GTAAAGCCTGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGATATAA 
---------+---------+---------+---------+---------+ 600 
CATrTCGGACCCCGAAGTCACTTCTACAGGACGTTCCGAAGACCTATATT 
V K P G A S V K M S C K A S G Y K 

ATTCACTAGCTATGTTATGCACTGGGTGAAGCAGAAGCCTGGGCAGGGCC 
---------+---------+---------+---------+---------+ 650 
TAAGTGATCGATACAATACGTGACCCACTTCGTCTTCGGACCCGTCCCGG 

F T S Y V M 8 V V K Q K P G O G L 
1----CDR 1----1 

TTGAGTGGATTGGATATATTAATCCTTACAATGATGTTACTAAr:J:ACAAT 
---------+---------+---------+---------+---------+ 700 
AACTCACCTAACCTATATAATTAGGAATGTTACTACAATGATTCATGTTA 

B V I G Y I N P Y N. D V T K Y N 
1-----------------------CDR 2--------

GAGAAGTTCAAAGGCAAGGCCACACTGACTTCAGACAAATCCTCCAGTAC 
---------+- -------+---------+---------+---------+ 750 
CTCTTCAAGTTTCCGTTCCGGTr:J:GACTGAAGTCTGTrTAGGAGGTCATG 
E K F K G K A T L T S D K S S S T 
----------- I 

AGCCTACATGGAGCTCAGCAGCCTGACCTCTGAGGACTCTGCGGTCCATT 
---------+---------+---------+---------+---------+ 800 
TCGGATr:J:ACCTCGAGTCGTCGGACTGGAGACTCCTGAGACGCCAGGTAA 

A Y M E L S S L T S E D S A V H Y 

ACTr:J:GCAAGAGGGAGCTACTATGATTACGACGGGTTTGTTTACTGGGGC 
---------+---------+-·-------+---------+--------+ 850 
TGACACGTTCTCCCTCGATGATACTAATGCTGCCCAAACAAATGACCCCG 

C A R C S Y Y D Y D G F V Y V G 
1-------------CDR 3-------------1 

CAAGGGACTCTGGTCACTGTCTCTGCAGGTGAGTCCTAACTTCTCCCATT 
---------+---------+---------+---------+---------+ 900 
GTTCCCTGAGACCAGTGACAGAGACGTCCACTCAGGATTGAAGAGGGTAA 
Q G T L V T V S A 

JB3 
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CTAAATGCATGTTGGGGGGATTCTGAGCCTTCAGGACCAAGATTCTCTGC 
----- ---+---------+---------+---------+---------+ 950 

5 
GATTTACGTACAACCCCCCTAAGACTCGGAAGTCCTGGTTCTAAGAGACG 

AAACGGGAATCAAGATTCAACCCCTTTqTCCCAAAGTTGAGACATGGGTC 
---------+---------+---------+---------+---------+ 1000 
TTTGCCCTTAGTTCTAAGTTGGGGAAACAGGGTTTCAACTCTGTACCCAG 

10 

TGGGTCAGGGACTCTCTGCCTGCTGGTCTGTGGTGACATTAGAACTGAAG 
-- .------+---------+---------+---------+---------+ 1050 
ACCCAGTCCCTGAGAGACGGACGACCAGACACCACTGTAATCTTGACTTC 

15 

TATGATGAAGGATCTGCCAGAACTGAAGCTTGAAGTCTGAGGCAGAATCT 
---------+---------------------------+--------+ 1100 
ATACTACTTCCTAGACGGTCTTGACTTCGAACTTCAGACTCCGTCTTAGA 

20 

TGTCCAGGGTCTATCGGACTCTTGTGAGAATTAGGGGCTGACAGTTGATG 
---------+---------+---------+---------+--------- 1150 
ACAGGTCCCAGATAGCCTGAGAACACTCTTAATCCCCGACTGTCAACTAC 

25 

GTGACAATTTCAGGGTCAGTGACTGTCAGGTTTCTCTGAGGTGAGGCTGG 
---------+---------+---------+---------+---· -----+ 1200 
CACTGTTAAAGTCCCAGTCACTGACAGTCCAAAGAGACTCCACTCCGACC 

30 

AATATAGGTCACCTl'GAAGACTAAAGAGGGGTCCAGGGGCTTTTCTGCAC 
---------+---------+---------+---------+---------+ 1250 
TTATATCCAGTGGAACTTCTGATTTCTCCCCAGGTCCCCGAAAAGACGTG 

35 

AGGCAGGGAACAGAATGTGGAACAATGACTTGAATGGTTGATTCTTGTGT 
---------+--------+---------+--------+---------+ 1300 -
TCCGTCCCTTGTCTTACACCTTGTTACTGAACTTACCAACTAAGAACACA 

40 

GACACCAAGAATTGGCATAATGTCTGAGTTGCCCAAGGGTGATCTTAGCT 
--------.+---------+---------+---------+---------+ 1350 
CTGTGGTTCTTAACCGTATTACAGACTCAACGGGTTCCCACTAGAATCGA. 

45 

AGACTCTGGGGTTTTTGTCGGGTACAGAGGAAAAACCCACTATTGTGATT 
---------+---------+---------+---------+---------+ 1400 
TCTGAGACCCCAAAAACAGCCCATGTCTCCTTTTTGGGTGATAACACTAA 

50 
ACTATGCTATGGACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA 
---------+---------+---------+---------+---------+ 1450 
TGATACGATACCTGATGACCCCAGTTCCTTGGAGTCAGTGGCAGAGGAGT 

55 
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GGTAAGAATGGCCTCTCCAGGTCTTTATTTTTAACCTTTGTTATGGAGTT 
---------+---------+---------+---------+---------+ 1500 
CCATTCTTACCGGAGAGGTCCAGAAATAAAAATTGGAAACAATACCTCAA 

5 

TTCTGAGCATTGCAGACTAATCTTGGATATTTGCCCTGAGGGAGCCGGCT 
---------+---------+---------+---------+---------+ 1550 
AAGACTCGTAACGTCTGATTAGAACCTATAAACGGGACTCCCTCGGCCGA 

10 

GAGAGAAGTTGGGAAATAAATCTGTCTAGGGATCTCAGAGCCTTTAGGAC 
---------+---------+- -------+---------+---------+ 1600 
CTCTCTTCAACCCTTTATTTAGACAGATCCCTAGAGTCTCGGAAATCCTG. 

15 

AGATTATCTCCACATCTTTGAAAAACTAAGAATCTGTGTGATGGTGTTGG · 
----- ---+---------+---------+---------+---------+ 1650 

20 
TCTAATAGAGGTGTAGAAACifIIIGATTCTTAGACACACTACCACAACC 

TGGAGTCCCTGGATGATGGGATAGGGACTTTGGAGGCTCATTTGAGGGAG 
---------+---------+---------+---------+---------+ 1700 

25 
ACCTCAGGGACCTACTACCCTATCCCTGAAACCTCCGAGTAAACTCCCTC 

ATGCTAAAACAATCCTATGGCfGGAGGGATAGTTGGGGCTGTAGTTGGAG 
---------+---------+---------+---------+---------+ 1750 

30 TACGATTTTGTTAGGATACCGACCTCCCTATCAACCCCGACATCAACCTC 

ATTTTCAGTTTTTAGAATGAAGTATTAGCTGCAATACTTCAAGGACCACC 
---------+---------+---------+ --------+---------+ 1800 

35 TAAAAGTCAAAAATCTTACTTCATAATCGACGTTATGAAGTTCCTGGTGG 

TCTGTGACAACCATTTTATACAGTATCCAGGCATAGGGACAAAAAGTGGA 
---------+---------+---------+---------+---------+ 1850 

40 AGACACTGTTGGTAAAATATGTCATAGGTCCGTATCCCTGTTTTTCACCT 

GTGGGGCACTTTCTTTAGATTTGTGAGGAATGTTCCACACTAGATTGTTT 
---------+---------+---------+---------+--- -----+ 1900 

45 CACCCCGTGAAAGAAATCTAAACACTCCTTACAAGGTGTGATCTAACAAA 

AAAACTTCATTTGTTGGAAGGAGCTGTCTTAGTGATTGAGTCAAGGGAGA 
---------+---------+---------+---------+---------+ 1950 

50 TTTTGAAGTAAACAACCTTCCTCGACAGAATCACTAACTCAGTTCCCTCT 

AAGGCATCTAGCCTCGGTCTCAAAAGGGTAGTTGCTGTCTAGAGAGGTCT 
---------+---------+---------+---------+-· -------+ 2000 

55 TTCCGTAGATCGGAGCCAGAGTTTTCCCATCAACGACAGATCTCTCCAGA 
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GGTGGAGCCTGCAAAAGTCCAGCTTTCAAAGGAACACAGAAGTATGTGTA 
---------+---------+---------+---------+---------+ 2050 

5 
CCAcc:rcGGACGTTTTCAGGTCGAAAGTTTCCTTGTGTCTTCATACACAT 

TGGAATATTAGAAGATGTTGCTTTTACTCTTAAGTTGGTTCCTAGGAAAA 
---------+---------+---------+---------+---------+ 2100 

10 ACCTTATAATCTTCTACAACGAAAATGAGAATTCAACCAAGGATCCTTTT 

ATAGTTAAATACTGTGACTTTAAAATGTGAGAGGGTTTTCAAGTACTCAT 
---------+---------+---------+---------+---------+ 2150 

15 TATCAATTTATGACACTGAAATTTTACACTCTCCCAAAAGTTCATGAGTA 

TTTTTTAAATGTCCAAAATTTTTGTCAATCAATTTGAGGTCTTGTTTGTG 
---------+---------+---------+---------+---------+ 2200 

20 AAAAAATTTACAGGTTTTAAAAACAGTTAGTTAAACTCCAGAACAAACAC 

TAGAACTGACATTACTTAAAGTTTAACCGAGGAATGGGAGTGAGGCTCTC 
---------+---------+---------+---------+---------+ 2250 

25 ATCTTGACTGTAATGAATTTCAAATTGGCTCCTTACCCTCACTCCGAGAG 

TCATACCCTATTCAGAACTGACTTTTAACAATAATAAATTAAGTTTAAAA 
---------+---------+---------+---------+---------+ 2300 

30 AGTATGGGATAAGTCTTGACTGAAAATTGTTATTATTTAATTCAAATTTT 

TATTTTTAAATGAATTGAGCAATGTI'GAGTTGAGTCAAGATGGCCGATCA 
---------+---------+---- . ---+---------+---------+ 2350 

35 ATAAAAATTTACTTAACTCGTTACAACTCAACTCAGTTCTACCGGCTAGT 

GAACCGGAACACCTGCAGCAGCTGGCAGGAAGCAGGTCATGTGGCAAGGC 
---------+---------+---------+---------+---------+ 2400 

40 CTTGGCCTTGTGGACGTCGTCGACCGTCCTTCGTCCAGTACACCGTTCCG 

TATTTGGGGAAGGGAAAATAAAACCACTAGGTAAACTTGTAGCTGTGGTT 
---------+---------+---------+---------+---------+ 2450 

45 ATAAACCCCTTCCCTTTTATTTTGGTGATCCATTTGAACATCGACACCAA 

TGAAGAAGTGGTTTTGAAACACTCTGTCCAGCCCCACCAAACCGAAAGTC 
---------+---------+---------+---------+---------+ 2500 

50 ACTTCTTCACCAAAACTTTGTGAGACAGGTCGGGGTGGTTTGGCTTTCAG 

CAGGCTGAGCAAAACACCACCTGGGTAATTTGCATTTCTAAAATAAGTTG 
---------+---------+---------+---------+---------+ 2550 

55 GTCCGACTCGTTTTGTGGTGGACCCATTAAACGTAAAGATTTTATTCAAC 
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AGGATTCAGCCGAAACTGGAGAGGTCCTCTTTTAACTTATTGAGTTCAAC 
---------+---------+---------+---------+---------+ 2600 
TCCTAAGTCGGCTTTGACCTCTCCAGGAGAAAATTGAATAACTCAAGTTG 

5 

CTTTTAATTTTAGCTTGAGTAGTTCTAGTTTCCCCAAACTTAAGTTTATC 
---------+---------+---------+---------+---------+ 2650 
GAAAATTAAAATCGAACTCATCAAGATCAAAGGGGTTTGAATTCAAATAG 

10 

GACTTCTAAAATGTATTTAGAATTC 
---------+---------+----- 2675 

15 
CTGAAGATTTTACATAAATCTTAAG 
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TABLE 3B 

BHA 031 Light Chain Genomic Sequence 

AAAGTATTATTTGAAATGGCTCTCGAAATCTCTCAAGGTAATAAATCGAA 
---------+---------+---------+---------+---------+ 50 
TTTCATAATAAACTTTACCGAGAGCTTTAGAGAGTTCCATTATTTAGCTT 

CATGAATTACACAGTTTCAGGGCACATGAAATACTGAGAATGGAGATTGT 
---·-----+---------+----~---+---------+---------+ 100 
GTACTTAATGTGTCAAAGTCCCGTGTACTTTATGACTCTTACCTCTAACA 

TCAGAGTAGTTTTAGATGAGTGCATCTTCATGAATCTCCAGCCCATATTC 
---------+---------+---------+---------+---------+ 150 
AGTCTCATCAAAATCTACTCACGTAGAAGTACTTAGAGGTCGGGTATAAG 

TCCCATGTGTTTATAAGCCAAGAACTGACTAGACTGTATCTTGCTATTTG 
---------+-----~--+---------+---- ----+---------+ 200 
AGGGTACACAAATATTCGGTTCTTGACTGATCTGACATAGAACGATAAAC 

CATATTACATTTTCAGTAACCACAAATATCTCTCAGTTGGTTTAAAGCAA 
---------+---------+---------+---------+---------+ 250 
GTATAATGTAAAAGTCATTGGTGTTTATAGAGAGTCAACCAAATTTCGTT 

AGTACTTATGAGAATAGCAGTAATTAGCTAGGGACCAAAATTCAAAGACA 
---------+---------+---------+---------+---------+ 300 
TCATGAATACTCTTATCGTCATTAATCGATCCCTGGTTTTAAGTTTCTGT 

AAATGGATTTTCAAGTGCAGATTTTCAGCTTCCTGCTAATCAGTGCCTCA 
---------+---------+---------+---------+---------+ 350 
TTTACCTAAAAGTTCACGTCTAAAAGTCGAAGGACGATTAGTCACGGAGT 

H D F Q V Q I F S .F L L I S A S 
1-------~-------Signal Sequence------~--------

GGTAACAGAGGGCAGGGAATTTGAGATCAGAATACAACCAAAATTATTTT 
------~-+---------+---------+---------+---------+ 400 
CCATTGTCTCCCGTCCCTTAAACTCTAGTCTTATGTTGGTTTTAATAAAA 

CCCTGGGGAATTTGTGTCCAAAATACAGTIIIf!CtltttCTTTTATCTA 
--~-----+---------+-·-------+---------+---------+ 450 
-GGGACCCCTTAAACACAGGTTTTATGTCAAAAAAGAAAAAGAAAATAGAT 
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AATGTTGGGTGGTATAAAATTATTTTTTATCTCTATTTCTACTAATCCCT 
---------+---------+---------+---------+---------+ .500 
TTACAACCCACCATATTTTAATAAAAAATAGAGATAAAGATGATTAGGGA 

CTCTCTTTTTTGCTTTTTTCTAGTCATAATATCCAGAGGACAAATTGTTC 
---------+---------+---------+---------+---------+ 550 
GAGAGAAAAAACGAAAAAAGATCAGTATTATAGGTCTCCTGTTl'AACAAG 

V I I S R G Q I V L 
----------------1 1 

TCACCCAGTCTCCAGCAATCATGTCTGCATCTCCAGGGGAGAAGGTCACC 
---------+--------·+---------+---------+---------+ 600 
AGTGGGTCAGAGGTCGTTAGTACAGACGTAGAGGTCCCCTCTTCCAGTGG 

T Q S P A I M ~ A S P G E K V T 

ATGACCTGCAGTGCCACCTCAAGTGTAAGTTACATGCACTGGTACCAGCA 
---------+---------+---------+---- ---+---------+ 650 
TACTGGACGTCACGGTGGAGTTCACATTCAATGTACGTGACCATGGTCGT 
M T C S A T S S V S Y M B V Y O Q 

1------------CDR 1-----------1 

GAAGTCAGGCACCTCCCCCAAAAGATGGATTTATGACACATCCAAACT.GG 
---------+---------+---------+---------+--- -----+ 700 
CTTCAGTCCGTGGAGGGGGTTTTCTACCTAAATACTGTGTAGGTTTGACC 
K S G T S P K R V I Y D T S K L A 

1--------CDR 2---

CTTCTGGAGTCCCTGCTCGCTTCAGTGGCAGTGGGTCTGGGACCTCTTAC 
---------+---------+---------+---------+---------+ 750 
GAAGACCTCAGGGACGAGCGAAGTCACCGTCACCCAGACCCTGGAGAATG 

S G V P A R F S G S G S G T S Y 
---1 

TCTCTCACAATCAGCAGCATGGAGGCTGAAGATGCTGCCACTTATTACTG 
---------+---------+---------+---------+---------+ 800 
AGAGAGTGTTAGTCGTCGTACCTCCGACTTCTACGACGGTGAATAATGAC 
S L T I S S M E A E D A A T Y Y C 

CCAGCAGTGGAGTAGTAACCCGCTCACGTTCGGTGCTGGGACCAAGCTGG 
---------+---------+---------+---------+---------+ 850 
GGTCGTCACCTCATCATTGGGCGAGTGCAAGCCACGACCCTGGTTCGACC 

Q Q i S S N P L T F G A G T R L E 
1----------CDR 3----------1 JKS 

AGCTGAAACGTAAGTACACTTTTCTCATCtlitltlATGTGTAAGACACA 
---------+-------- +---------+---------+---------+ 900 
TCGACTTTGCATTCATGTGAAAAGAGTAGAAAAAAATACACATTCTGTGT 

L K 
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GGTl'TTCATGTTAGGAGTTAAAGTCAGTTCAGAAAATCTTGAGAAAATGG 
---------+---------+---- ----+---------+---------+ 950 

5 CCAAAAGTACAATCCTCAATTTCAGTCAAGTCTTTTAGAACTCTTTTACC 

AGAGGGCTCATTATCAGTTGACGTGGCATACAGTGTCAGATTTTCTGTTT 
--------+---------+---------+---------+---------+ 1000 

10 TCTCCCGAGTAATAGTCAACTGCACCGTATGTCACAGTCTAAAAGACAAA 

ATCAAGCTAGTGAGATTAGGGGCAAAAAGAGGCTTTAGTTGAGAGGAAAG 
---------+---------+---------+---------+---------+ 1050 

15 TAGTTCGATCACTCTAATCCCCGTTTTTCTCCGAAATCAACTCTCCTTTC 

TAATTAATACTATGGTCACCATCCAAGAGATTGGATCGGAGAATAAGCAT 
-- ------+---------+---------+---------+---------+ 1100 

20 ATTAATTATGATACCAGTGGTAGGTTCTCTAACCTAGCCTCTTATTCGTA 

GAGTAGTTATTGAGATCTGGGTCTGACTGCAGGTAGCGTGGTCTTCTAGA 
---------+---------+---------+---------+---------+ 1150 

25 CTCATCAATAACTCTAGACCCAGACTGACGTCCATCGCACCAGAAGATCT 

CGTTTAAGTGGGAGATTTGGAGGGGATGAGGAATGAAGGAACTTCAGGAT 
30 ---------+---------+---------+------~--+---------+ 1200 

GCAAATTCACCCTCTAAACCTCCCCTACTCCTTACTTCCTTGAAGTCCTA 

AGAAAAGGGCTGAAGTCAAGTTCAGCTCCTAAAATGGATGTGGGAGCAAA 
35 ---------+---------+---------+---------+---------+ 1250 

TCTTTTCCCGACTTCAGTTCAAGTCGAGGATTTTACCTACACCCTCGTTT 

CTTTGAAGATAAACTGAATGACCCAGAGGATGAAACAGCGCAGATCAAAG 
40 ---------+---------+---------+---------+---------+ 1300 

GAAACTTCTATTTGACTTACTGGGTCTCCTACTTTGTCGCGTCTAGTTTC 

AGGGGCCTAGAGCTCTGAGAAGAGAAGGAGACTCATCCGTGTTGAGTTTC · 
45 ---------+---------+---------+---------+---------+ 1350 

TCCCCGGATCTCGAGACTCTTCTCTTCCTCTGAGTAGGCACAACTCAAAG 

CACAAGTACTGTCTTGAGTTTTGCAATAAAAGTGGGATAGCAGAGTTGAG 
50 ---------+---------+---------+---------+---------+ 1400 

GTGTTCATGACAGAACTCAAAACGTTATTTTCACCCTATCGTCTCAACTC 

TGTNAGCCGTAGRSTAVRYTCTCTTTTGTCTCCTAAGATTTTTATGACTA 
55 ---------+---------+---------+---------+---------+ 1450 

ACANTCGGCATCYSA'NYRAGAGAAAACAGAGGATTCTAAAAATACTGAT 

21 

BIOEPIS EX. 1002 
Page 2135



EP O 403156 81 

CAAAAATCAGTAGTATGTCCTGAAATAATCATTAAGCTGTTTGAAAGTAT 
---------+---------+---------+---------+---------+ 1500 
GTTTTTAGTCATCATACAGGACTTTATTAGTAATTCGACAAACTTTCATA 

5 

GACTGCTTGCCATGTAGATACCATGGCTTGCTGAATRATCAGAAGAGGTG 
---------+---------+---------+---------+---------+ 1550 
CTGACGAACGGTACATCTATGGTACCGAACGACTTAYTAGTCTTCTCCAC 

10 

TGRCTCTTATTCTAAAATTTGTCACAAAATGTCAAAATGAGAGACTCTGT 
---------+---------+---------+---------+---------+ 1600 
ACYGAGAATAAGATTTTAAACAGTGTTl'TACAGTTTTACTCTCTGAGACA 

15 

AGGRACGAGTCCCTTGACAGACAGCTSMAAGGGGTTTTTl'TCCTTTGTCT 
---------+---------+---------+---------+---------+ 1650 
TCCYTGCTCAGGGAACTGTCTGTCGASKTTCCCCAAAAAAAGGAAACAGA 

20 

CATTTCTACATGAAAGTAAATTTGAAATGATCNlt!!llATTATAAGAGT 
---------+---------+---------+---------+---------+ 1700 
GTAAAGATGTACTTTCATrTAAACTtTACTAGNAAAAAATAATATTCTCA 

25 

AGAAATACAGTTGGGTTTGAACTATATGTTTTAATNGGCCNCACGGTTTT 
---------+---------+---------+---------+---------+ 1750 
TCTtTATGTCAACCCAAACTTGATATACAAAATTANCCGGNGTGCCAAAA 

30 

GTAAGACATTTGGTCCTTTGTTTTCCCAGTTATTACTCGATTGTAATTTT 
---------+---------+---------+---------+---------+ 1800 
CATTCTGTAAACCAGGAAACAAAAGGGTCAATAATGAGCTAACATTAAAA 

35 

ATATCGCCAGCAATGGVCTGAAACGGTCNNNNNCGCAACCTCTTCGTI'TA 
---------+---------+---------+---------+---------+ 1850 
TATAGCGGTCGTTACCVGACTTTGCCAGNNNNNGCGTTGGAGAAGCAAAT 

40 

CTAACTGGGTGACCTYGCGGCTGTGCCAGCCATTTGGCGTTCACCCTGCC 
---------+---------+---------+---------+---------+ 1900 
GATTGACCCACTGGARCGCCGACACGGTCGGTAAACCGCAAGTGGGACGG 

45 

GCTAAGGGCCNATGVGAACCCCCGCGGTAGCATCCCTTGCTCCGCGTGGA 
---------+---------+---------+---------+---------+ 1950 
CGATrCCCGGNTACVCTTGGGGGCGCCATCGTAGGGAACGAGGCGCACCT 

50 

CCACTTTCCTGAGGACACAGTGATAGGAACAGAGCCACTAATC'l'GAAGAG 
---------+---------+---------+---------+---------+ 2000 
GGTGAAAGGACTCCTGTGTCACTATCCTTGTCTCGGTGATTAGACTTCTC 

55 
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AACAGAGATGTGACAGACTACACTAATGTGAGAAAAACAAGGAAAGGGTG 
---------+---------+---------+----~---+---------+ 2050 
TTGTCTCTACACTGTCTGATGTGATTACACTCTTTTTGTTCCTTTCCCAC 

5 

ACTTATTGGAGATTTCAGAAATAAAATGCATTTATTATTATATTCCCTTA 
---------+---------+---------+----~---+---------+ 2100 
TGAATAACCTCTAAAGTCTTTATTTTACGTAAATAATAATATAAGGGAAT 

10 

TTTTAATTTTCTATTAGGGAATTAGAAAGGGCATAAACTGCTTTATCCAG 
----- ·---+---------+---------+---------+---------+ 2150 
AAAATTAAAAGATAATCCCTTAATCTTTCCCGTATTTGACGAAATAGGTC 

15 

TGTTATATTAAAAGCTTAA 
---------+--------- 2169 
ACAATATAATTTTCGAATT 

20 

TABLE 4 

Reactivity Pattern of Chimeric-BMA 031 Antibodies lmmunofluorescence Assay with Directly Labelled Antibodies 
25 

Cells Labelled with Lymphocytes Monocytes Granulocytes Erythrocytes 

Medium 2±28 5 ± 1 3±2 1 ± 1 
BMA031 69±8 6±3b 2±3b 1 ± 1 
BMA031-G1 69±9 6±2b 2±3b 1 ± 1 

30 
BMA031-G4 69±8 5±3b 2±3b 1 ± 1 

a. mean values of 3 blood donors 

b: unspecific binding by Fe-receptors was blocked 

35 TABLE 5 

T-cell Activation by Chimeric BMA 031 Antibodies Induction of y-lnterferon Release 

T-cell activation with T-cell supernatant 

40 d1 8 d2 d3 

medium <lb <1 <1 

PHA 7 28 >100 
45 

(ng/ml) 
BMA030 500 1 7 76 

(CD3) 50 10 28 >100 

50 5 65 30 >100 
0,5 3 29 >100 

' 
BMA031 500 <1 2 76 

50 <1 1 2 
55 5 <1 <1 <1 

a: T-cell supernatant was harvested at day 1 after T-ceU activation 

b: "f • Interferon (ng/ml) measured by HLA-Dr induction on Colo 205-cells 
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TABLE 5 (continued) 

T-cell Activation by Chimeric BMA 031 Antibodies Induction of y-lnterferon Release 

T-cell activation with T-cell supernatant 
5 

d1a d2 d3 

0,5 <1 <1 <1 

BMA 031-Gl 500 2 5 >100 
10 50 4 28 >100 

5 2 6 >100 

0,5 <1 <1 58 

BMA031-G4 500 6 28 >100 
15 

50 5 70 >100 

5 3 28 >100 

0,5 <1 <1 <1 

a: T-cell supernatant was harvested at day 1 after T-cell activat,on 
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TABLE 6A 

· Amino Acid Sequences of Civilized BMA 031 VH Regions 

1 ~ 
EU QVQLVQSGAE VKKPGSSVKV SCKASGGTFS RSAIIYVRQA PGQGLEVMGG 

BMA EVQLQQSGPE LVKPGASVKM SCRASGYKFT SYVHBiVKQK PGQGLEVIGY 
CIV-1 QVQLVQSGAE VKKPGSSVKV SCRASGGTFS SYVMHVVRQA PGQGLEVHGY 
CIV-2 QVQLVQSGAE VKKPGSSVKV SCRASGYKFT .SYVHHYVRQA PGQGLEVMGY 
CIV-3 QVQLVQSGAE VKKPGSSVKV SCRASGYKFT SYVHBiVKQA PGQGLEVIGY 
CIV-4 QVQLVQSGAE VKKPGSSVKV SCKASGYKFT SYVHBiVKQK PGQGLEVIGY 

ICDRl/ \ 

51 100 
EU IVPHFGPPNY AQKFQGRVTI TADESTNTAY MELSSLRSED TAFYFCAGG, 

BHA INPYNDVTKY NEKFKGKATL TSDKSSSTAY MELSSLTSED SAVHYCARGS 
CIV-1 INPYNDVTKY NEKFKGRVTI TADESTNTAY MELSSLRSED TAFYFCAGGS 
CIV-2 INPYNDVTKY NEKFKGRATI TADESTNTAY MELSSLRSED TAFYFCARGS 
CIV-3 INPYNDVTKY NEKFKGKATL TADESTNTAY MELSSLRSED TAVBYCARGS 
CIV-4 INPYNDVTKY NEKFKGKATL TSDKSTSTAY MELSSLTSED TAVHYC.(iRGS 

-----CDR-2-----~/ \-

101 120 
EU YGIYSPBEY. ,NGGLVTVSS 

BMA YYDYDGFVYV GQGTLVTVSA 
CIV-1 YYDYDGFVYV GQGTLVTVSS 
CIV-2 YYDYDGFVYV GQGTLVTVSS 
CIV-3 YYDYDGFVYV GQGTLVTVSS 
CIV-4 YYDYDGFVYV GQGTLVTVSS 

-CDR-3--/ 

25 
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TABLE 6B · 

5 Amino Acid_ Sequences of Civilized BMA 031 VL Regions 

10 1 so 
EU DIQHTQSPST LSASVGDRVT ITCRASQSIN TVLAVYQQKP GKAPKLLMYK 

BMA QIVLTQSPAI MSASPGEKVT MTCSATSSV. SYMHVYQQKS GTSPKRVIYD 
CIV-1 DIQHTQSPST LSASVGDRVT ITCSATSSV. SYMHVYQQKP GKAPKLLMYD 
CIV-2 DIQMTQSPST LSASVGDRVT ITCSATSSV. SYMHVYQQKP GKAPKRLHYD 

15 CIV-3 DIQMTQSPST LSASVGDRVT MTCSATSSV. SYMHVYQQKP GKAPKRVIYD 
CIV-4 QIVLTQSPST LSASVGDRVT ITCSATSSV. SYMHVYQQKP GTAPKRVIYD 

\--CDR-1---/ \ 

51 100 
20 EU ASSLESGVPS RFIGSGSGTE FTLTISSLQP DDFATYYCQQ YNSDSKMFGQ 

BMA TSKLASGVPA RFSGSGSGTS YSLTISSMEA EDAATYYCQO VSSNPLTFGA 
CIV-1 TSKLASGVPS RFIGSGSGTE FTLTISSLQP DDFATYYCQQ VSSNPLTFGG 
CIV-2 TSKLASGVPA RFIGSGSGTE FTLTISSLQP DDFATYYCOQ VSSNPLTFGG 
CIV-3 TSKLASGVPA RFIGSGSGTE FTLTISSLQP DDFATYYCQQ VSSNPLTFGG 

25 CIV-4 TSKLASGVPS RFSGSGSGTS YTLTISSLQP EDFATYYCQO VSSNPLTFGA 
CDR-2/ \--CDR-3-/ 

101 
EU GTKVEVK 

30 BMA GTKLBLK 
CIV-1 GTKVEIK 
CIV-2 GTKVEIK 
CIV-3 GTKVEIK 
CIV-4 GTKVEIK 
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TABLE 7A 

Comparison of BMA-EUCIVBl and BHA-031 by Computer Modelling 

10 30 50 

BMA-031 EVQLQQSGPELVKPGASVKHSCKASGYKFTSYVHHVVKQKPGQGLEVIGY 
Ill Ill I Ill Ill 111111 I 1111111 I 1111111 11 

BMA-EUCIVHl QVQLVQSGA.EVIO{PGSSVKVSCKASGGTFSSYVMHVVRQAPGOGLEWHGY 

Amino Acid 
Difference 

1 
5 
9 

11 
12 
16 
20 
27 
28 
30 
38 
40 
48 
67 
68 
70 
72 
74 
76 
71 
87 
91 
93 
94 
95 
98 

120 

\CDR/ \ 
1 

70 90 

INPYNDVTKlNEKFKGKATLTSDKSSSTAYMELSSLTSEDSAVBYCARGS 
1111111111111111. I I I I 111111111 Ill I II II 
INPYNDVTKYNEKFKGRVTITADESTNTAYMELSSLRSEDTAFYFCAGGS 
-----CDR-2-----/ \-

110 

YYDYDGFVYVGQGTLVTVSA 
1111111111111111111 
YYDYDGFVYVGQGTLVTVSS 
-CDR-3--/ 

EU 
Amino Acid 

Gln 
Val 
Ala 
Val 
Lys 
Ser 
Val 
Gly 
Thr 
Ser 
Arg 
Ala 
Met 
Arg 
Val 
Ile 
Ala 
Glu 
Thr 
Asn 
Arg 
Thr 
Phe 
Tyr 
Phe 
Gly 
Ser 

27 

BMA Proximity 
Amino Acid to CDRs 

Glu +/-
Gln 
Pro 
Leu 
Val 
Ala 
Ket +/-
Tyr +++ 

·tys +++ 
Thr + 
Lys + 
Lys +++ 
Ile + 
Lys + 
Ala + 
Leu + 
Ser +++ 
Lys +++ 
Ser 
Ser + 
Thr +++ 
Ser 
Val +/-
His +++ 
Tyr +/-
Arg +/-
Ala 

BIOEPIS EX. 1002 
Page 2141



5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

EP O 403156 81 

TABLE 7B 

Comparison of BHA-EUCIVLl and BMA-031 by Computer Modelling 

BHA-031 

BMA-EUCIVLl 

Amino Add 
Difference 

1 
3 
4 
9 

10 
11 
15 
17 
18 
21 
40 
42 
43 
46 
47 
48 
60 
63 
70 
71 
72 
78 
79 
80 
81 
83 

100 

10 30 50 

QIVLTQSPAIHSASPGEKVTMTCSATSSV,SYMBVYQQKSGTSPKRVIYD 
I 1111 Ill I 111111111111111111111 I II II 

DIQMTQSPSTLSASVGDRVTITCSATSSV.SYMHVYQQKPGKAPRLLHYD 
\--CDR-1--/ \ 

70 90 

TSKLASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQOVSSNPLTFGA 
111111111 II 111111 11111 I 1111111111111111 
TSKLASGVPSRPIGSGSGTEFTLTISSLQPDDFATYYCQQVSSNPLTFGG 
-CDR2/ \-CDR-3-/ 

107 

GTKLELK 
111 I I 
GTKVBIK 

EU 
Amino Acid 

Asp 
Gln 
Met 
Ser 
Thr 
Leu 
Val 
Asp 
Arg 
Ile 
Pro 
Lys 
Ala 
Leu 
Leu 
Met 
Ser 
Ile 
Glu 
Phe 
Tbr 
Leu 
Gln 
Pro 
Asp 
Phe 
Gly 

28 

BHA 
Amino Acid 

Gln 
Val 
Leu 
Ala 
Ile 
Het 
Pro 
Glu 
Lys 
Met 
Ser 
Thr 
Ser 
Arg 
Trp 
Ile 
Ala 
Ser 
Ser 
Tyr 
Ser 
Met 
Glu 
Ala 
Glu 
Ala 
Ala 

Proximity 
to CDRs 

+++ 
+++ 
+++ 

+ 
+/
+++ 
+++ 

+ 
+/
+/

+ 
+++ 
+/-

+/-

+++ 
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TABLE 8 

Amino Acid Differences Between BMA031 and EU and Their Consensus Sequences 

Amino Acid EU Human BMA031 Mouse 

Position A.A,. A.A. A.A. A.A. 

Heavy Chain, EU Specific: 

70 lie + Leu Leu 

72 Ala + Ser Val 

74 Glu + Lys Lys 

93 Phe Val Val Val 

95 Phe Tyr Tyr Tyr 

98 Gly Arg Arg Arg 

Light Chain, EU Specific: 

10 Thr Ser lie lie 
48 Met lie lie lie 

63 lie Ser Ser Ser 

70 Glu Asp Ser Ser 

81 Asp Glu Glu Glu 

Heavy Chain, BMA Specific: 

1 Gin Gin Gin Gin 

7 Ser Ser Ser Pro 

9 Ala Ala Pro Ala 

20 Val Val Met Leu 

40 Ala Ala Lys Arg 

72 Ala + Ser Val 

82 Glu Glu Glu Gin 

94 Tyr Tyr His Tyr 

Light Chain, BMA Specific: NONE 
+, vanable 

Claims 

Claims for the following Contracting States : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1. A chimeric antibody specific for an epitope on the human alpha/beta T-cell receptor (TCR) which is recognised by 
mAb BMA 031, the antibody comprising: 

(a) a heavy chain whose variable region comprises the sequence of residues 1 to 120 of CIV-3 as shown in 
Table 6A; and 

(b) a light chain whose variable region comprises the sequence of residues 1 to 107 of CIV-3 as shown in 
Table6B. 

2. An antibody as claimed in claim 1 wherein the heavy and light chains comprise less than the entire constant region. 

3. An antibody as claimed in claim 1 or 2 which comprises a constant region derived from human antibodies. 

4. An antibody as claimed in any preceding claim conjugated to a cytotoxic moiety, for example a toxin or a radioi
sotope. 
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5. An antibody as claimed in any preceding claim for use in medicine. 

6. A pharmaceutical composition comprising an antibody according to any of claims 1 to 4 and a therapeutically 
acceptable carrier. 

7. The use of an antibody as claimed in any of claims 1 to 4 in the preparation of an agent for: 

(a) immunoregulation; 

(b) immunosuppressive therapy; 

(c) treating an autoimmune disease; and/or 

(d) for mediating cytolysis, when conjugated to a cytotoxic agent. 

8. An antibody as claimed in any of claims 1 to 4 which is conjugated, for example by biochemical or molecular biology 
techniques, to one or more isotopes and/or proteins .. 

9. An antibody as claimed in claim 8 wherein at least one of the proteins is an enzyme. 

10. A transfectoma cell line that produces an antibody as claimed in any of claims 1 to 3. 

Clalms for the followlng Contracting States : ES, GR 

1. A process for the production of a chimeric antibody specific for an epitope on the human alpha/beta T-cell receptor 
(TCR) which is recognised by mAb BMA 031, the antibody comprising: 

(a) a heavy chain whose variable region comprises the sequence of residues 1 to 120 of CIV-3 as shown in 
Table 6A; and 

(b) a light chain whose variable region comprises the sequence of residues 1 to 107 of CIV-3 as shown in 
Table6B; 

35 the process comprising harvesting the antibody from a cell producing the antibody. 

2. A process as claimed in claim 1 wherein the heavy and light chains in the antibody comprise less than .the entire 
constant region. 

40 3. A process as claimed in claim 1 or 2 wherein the antibody comprises a constant region derived from human anti-

45 

50 

55 

bodies. 

4. A process for producing an antibody, the process comprising conjugating an antibody produceable by a process 
as claimed in any preceding claim with a cytotoxic moiety. 

5. A process as claimed in any of claims 1 to 4, wherein the cell is a hybridoma cell line. 

6. A process for producing a pharmaceutical composition comprising an antibody produceable by a process according 
to any of claims 1 to 4, the process comprising admixing the antibody with a pharmaceutically acceptable carrier. 

7. The use of an antibody producable by a process as claimed in any of claims 1 to 4 in the preparation of an agent for: 

(a) immunoregulation; 

(b) immunosuppressive therapy; 

(c) treating an autoimmune disease; and/or 

30 
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(d) for mediating cytolysis, when conjugated to a cytotoxic agent. 

8. An antibody produceable by a process as claimed in any of claims 1 to 4 for use in medicine. 

5 9. A process for the production of an antibody conjugate, the process comprising conjugating, for example by bio
chemical or molecular biology techniques, an antibody produceable by a process as claimed in any of claims 1 to 
4 with one or more isotopes and/or proteins. · 

10. A process as claimed in claim 9 wherein at least one of the proteins is an enzyme. 
10 

11. A process for the production of a DNA construct comprising at least part of the nucleotide sequences encoding 
an antibody or one or more parts of an antibody produceable by a process according to any of claims 1 to 4, the 
process comprising coupling together successive nucleotides, and/or ligating oligo- and/or polynucleotides. 

15 12. A transfectoma cell line that produces an antibody as described in any of claims 1 to 3. 

20 

Patentanspruche 

Patentanspruche fur folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1. Ein tor eine antigene Determinante auf dem nienschlichen Alpha/Beta-T-Zell-Rezeptor (TCR) spezifischer Rekom
binationsantikorper, der vom monoklonalen Antikorper mAb BMA 031 erkannt wird, wobei der Antikorper sich aus 

25 folgenden Bestandteilen zusammensetzt: 

30 

35 
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50 
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2. 

3. 

4. 

5. 

6. 

7. 

a) eine schwere Kette, deren variable Region eine Sequenz von CIV-3-Residuen 1 bis 120 wie in Tabelle 6A 
gezeigt umfaBt; und 

b) eine leichte Katie, deren variable Region eine Sequenz von CIV-3-Residuen 1 bis 107 wie in Tabelle 68 
gezeigt umfaBt. 

Antikorper wie unter Patentanspruch 1, bei dam die schweren und die leichten · Katten weniger als die gesamte 
konstante Region umfassen. 

Antikorper wie unter Patentanspruch 1 oder 2, der eine von menschlichen Antikorpern stammende konstante Re
gion umfaBt. 

Antikorper wie unter jedem bel1ebigen der vorhergehenden PatentansprOche, der mil einem zytotoxischen Teil 
konjugiert ist, beispielsweise mil einem Toxin oder einem Radioisotop. 

Antikorper wie unter jedem beliebigen der vorhergehenden PatentansprOche zur Verwendung in der Medizin. 

Pharmazeutische Zusammensetzung, bestehend aus einem Antikorper laut jedeni beliebigen der PatentansprO
che 1 bis 4 und einem vom therapeutischen Gesichtspunkt her akzeptablen Trager. 

Benutzung eines Antikorpers taut jedem beliebigen der PatentansprOche 1 bis 4 bei der Herstellung eines Mittels 
· fur: 

a) lmmunregulation; 

b) lmmunsuppression; 

c) Behandlung von Autoimmunerkrankungen; und/oder 

· d) zur HerbeifOhrung von Zellauflosung bei Konjugation mit einem zytotoxischen Mittel. 

8. Antikorper wie unter jedem beliebigen der PatentansprOche 1 bis 4, der beispielsweise durch biochemische oder 
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molekularbiologische Techniken mit einem oder mehreren lsotopen und/oder Proteinen konjugiert ist. 

9. Antikorper wie unter Patentanspruch B, bei dem mindestens eines der Proteine ein Enzym ist. 

5 10. Transfectoma-Zellinie, die einen Antikorper wie unter jedem beliebigen der Patentanspriiche 1 bis 3 beschrieben 

10 

15 

20 

25 

30 

35 

produziert. 

Patentanspriiche fur folgende Vertragsstaaten : ES, GB 

1. Verfahren zur Produktion eines tor eine antigene Determinante au! dem mensch lichen Alpha/Beta-T-Zell-Rezeptor 
(TCR) spezifischen Rekombinationsantikorpers, der vom monoklonalen Antikorper mAb BMA 031 erkannt wird, 
wobei der Antikorper sich aus folgenden Bestandteilen zusammensetzt: 

2. 

3. 

4. 

5. 

6. 

a) eine schwere Kette, deren variable Region eine Sequenz von CIV-3-Residuen 1 bis 120 wie in Tabelle 6A 
gezeigt umfaBt; und 

b) eine leichte Katie, deren variable Region eine Sequenz von CIV-3-Residuen 1 bis 107 wie in Tabelle 6B 
gezeigt umfaBt; 

wobei das Verfahren die Emte des Antikorpers van einer den Antikorper produzierenden Zelle umfaBt. 

Verfahren wie unter Patentanpsruch 1, bei dam die schweren und die leichten Katten im Antikorper weniger als 
die gesamte konstante Region umfassen. 

Verfahren wie unter Patentanspruch 1 oder 2, bei dem der Antikorper eine von menschlichen Antikorpem stam
mende konstante Region umfaBt. 

Verfahren zur Herstellung eines Antikorpers. wobei das Verfahren aus der Konjugation eines nach einem der unter 
den vorherigen PatentansprOchen angemeldeten Verfahren herstellbaren Antikorpers mit einem zytotoxischen Tei I 

bet,teht. 

Verfahren wie unter jedem beliebigen der Patentanspriiche 1 bis 4, bei dem die Zelle eine Hybridomzellinie ist. 

Verfahren z_ur Herstellung einer pharmazeutischen Zusammensetzung, die einen Antikorper umfaBt, der sich nach 
einem der unter Patentanspriichen 1 bis 4 erwahnten Verfahren herstellen laBt. wobei das Verfahren das Zumi-
schen des Antikorpers mit einem vom pharmazeutischen Gesichtspunkt her akzeptablen Trager einschlieBt. 

7. Benutzung eines Antikorpers, der sich nach einem der unter Anspriiche 1 bis 4 erwahnten Verfahren herstellen 
40 laBt, bei der Herstellung eines Mittels tor: · 

a) lmmunregulation; 

b) lmmunsuppression; 
45 

c) Behandlung von Autoimmunerkrankungen; und/oder 

d) zur Herbeifiihrung von Zellauflosung bei Konjugation mit einem zytotoxischen Mittel. 

50 8. Nach einem der Verfahren laut Anspriichen 1 bis 4 herstellbarer Antikorper zur Verwendung in der Medizin. 

55 

9. Verfahren zur Herstellung eines Antikorperkonjugats, wobei das Verfahren die Konjugation - beispielsweise durch 
biochemische oder molekularbiologische Techniken -eines nach einem der unter Anspriichen 1 bis 4 erwahnten 
Verfahren herstellbaren Antikorpers mit einem oder mehreren lsotopen und/oder Proteinen einschlieBt. 

10. Verfahren wie unter Anspruch 9, bei dem mindestens eines der Proteine ein Enzym ist. 

11. Verfahren zur Herstellung eines DNA-Gebildes, bestehend aus mindestens einem Tail der Nukleotidsequenzen, 
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die einen Antikorper oder einen oder mehrere Teile eines Antikorpers kodieren, der sich durch eines der unter 
AnsprOchen 1 bis 4 erwahnten Verfahren herstellen laBt, wobei das Verfahren die Verbindung aufeinanderfolgen
der Nukleotide und/oder die Ligierung von Oligo- und/oder Polynukleotiden einschlieBt. 

5 12. Transfectoma-Zellinie, die einen Antikorper wie unter einem der AnsprOche 1 bis 3 beschrieben produziert. 

10 

15 

20 

Revendlcatlons 

Revendlcatlons pour les Etats contractants sulvants: AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1. Un anticorps chimerique specifique a un epitope du recepteur des cellules en T humaines, alpha/beta (ACT), 
reconnu par l'anticorps monoclonale (mAb) BMA 031, l'anticorps comprend: 

(a) une chaine lourde dont la region variable comprend une sequence de residus 1 a 120 de CIV-3 comma le 
montre le tableau SA; et 

(b) une chaine legere dent la region variable comprend une sequence de residus 1 a 107de CIV-3 comma le 
montre le tableau 6 B. 

2. Un anticorps, salon la revendication 1, ou las chaines lourdes et legeres constituent moins qua la totalite de la 
region constante. 

25 3. Un anticorps, selon les revendications 1 ou 2, qui comprend une region constante derivee d'anticorps humains. 

4. Un anticorps, salon toutes las revendications precedentes, conjugue a une moitie cytotoxique, par example, une 
toxine ou un radio-isotope. 

30 5. Un anticorps, salon toutes las revendications precedentes, pour utilisation en medecine. 

6. Una composition pharmaceutique comprenant un anticorps conforme a chacune des revendications 1 a 4 et un 
porteur therapeutique acceptable. 

35 7. L'utilisation d'un anticorps, conforme a chacune des revendications 1 a 4, dans des preparations d'agents pour: 

(a) la regulation immunitaire; 

(b) la therapie immunosuppressive; 
40 

(c) le traitement d'une maladie auto-immune; et/ou 

d) pour la mediation de la cytolyse, quand ii est conjugue a un agent cytotoxique 

45 8. Un anticorps, conforme a chacune des revendications 1 a 4, qui est conjugue, par example par des techniques 
biochimiques ou de biologie moleculaire, a un ou plusieurs isotopes et/ou proteines. 

9. Un anticorps, salon la revendication 8, ou au moins une des proteines est une enzyme. 

50 10. Una lignee de cellules de transfectomes qui produit un anticorps conforms a chacune des revendications de 1 a 3. 

Revendlcations pour les Etats contractants sulvants: ES, GR 

55 1.- · Un precede pour la production d'un anticorps chimerique specifique a un isotope des recepteurs des cellules en 
T humaines alpha beta (ACT) reconnu par l'anticorps monoclonale (mAb) BMA 031, cet anticorps comprenant: 

a) une chaine lourde dont la region variable comprend une sequence de residus 1 a 120 deCIV-3 comma le 
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montre le tableau 6 A; et 

b) une chaine legere dent la region variable comprend une sequence de residus 1 a 107de CIV-3 comma le 
montre le tableau 6 B; 

le procede consiste a recolter des anticorps d'une cellule qui produit l'anticorps. 

Un precede, salon la revendication 1, par lequel dans l'anticorps, les chaines lourdes et legeres constituent mains 
que la totalite de la region constante. 

Un precede, selon les revendications 1 et 2, par lequel las anticorps comprennent une region constante derivee 

d'anticorps humains. 

Un procede pour produire un anticorps, le procede consistant a conjuguer un anticorps, que l'on peut produire par 
le procede conforme a toutes les revendications precedentes, avec une moitie cytotoxique. 

Un procede, conforme a chacune des revendications de 1 a 4, au la cellule est une lignee de cellules d'hybrydomes. 

Un precede pour produire une composition pharmaceutique consistant d'un anticorps qui peut etre produit par un 
procede conforme a chacune des revendications 1 a 4, ce procede comprenant l'ajout et le melange de cat anti
corps a un porteur pharmaceutique acceptable. 

L'utilisation d'un anticorps, produi1 par un precede conforme a chacune des revendications 1 a 4, dans la prepa
ration d'un agent pour: 

(a) la regulation immunitaire 

(b) la therapie immunosuppressive; 

(c) le trailement d'une maladie auto-immune; eVou 

(d) pour la mediation de la cytolyse. quand ii est conjugue a un agent cytotoxique 

8. Un anticorps pour utilisation en medecine, qui peut etre produit par un procede conforme a chacune des revendi-
35 cations de 1 a 4. 

40 

9. Un precede pour la production d'un conjugue d'anticorps, le procede consistant a conjuguer, par example par des 
techniques biochimiques ou de biologie moleculaire, un anticorps, qui peut etre produit par un procede a chacune 
des revendications 1 a 4, a un ou plusieurs isotopes eVou proteines. 

10. Un procede, salon dans la revendication 9, ou au mains une des proteines est une enzyme. 

11. Un procede pour la production d'une structure de l'ADN comportant au mains une portion de sequences nucleotides 
qui encodent un anticorps ou une ou plusieurs partie d'un anticorps produit par un procede conforme a toutes les 

45 revendications de 1 a 4, le procede consistant en l'accouplement de nucleotides successifs, eVou en la ligature 
d'oligo eVou de poly nucleotides. 

12. Une lignee de cellules de transfectomes qui produit un anticorps conforme a chacune des revendications 1 a 3. 

50 

55 
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Construction of BMA-031 Genomic Library 
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FIGURE 2 

Probes Used in Screening BMA-031 Library 
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FIGURE 3 

Human Constant-Region Expression Vectors 
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FIGURE 48 

- 1001 
Competitive lmmunofluorescence Assay 

~ with BMA 031-G1-FITC 
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Competitive lmmunofluorescence Assay 
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FIGURE 58 
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. FIGURE 6A 
ADCC Assay with BMA 031 Antibodies 
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FIGURE 6C 
ADCC Assay with BMA 031-G4 
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FIGURE 7 
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Competitive lmmunofluorescence Assay 
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METHOD FOR PRODUCING RECOMBINANT IMMUNOGLOBULINS 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. Primers used to isolate DNA encoding 
murlne kappa light chain variable region and murine 5 

lgG2a heavy chain variable region using PCR. 
Figure 2. Diagram of anbbody structure and PCR 

products of murine heavy and light chain. 
Figure 3. 1 B4 amino acid sequence for heavy 

chain variable region and light chain variable regions 10 

1 and 2 deduced from the nudeic acid sequence of 
the cloned cDNAs. 

Figure 4. Oligodeoxynucleotides used as primers 
for PCR mutagenesis and amplification of the Rel light 
chain variable region template so as to graft the CD Rs 15 
of 184 Into the Rel light chain variable region. 

Figure 5. PCR recombination strategy used in the 
CCR-grafting of the Rel/184 light chain variable reg
ion. 

Figure 6. Outline of the Insertion of light chain 20 

variable and constant regions Into the light chain exp
ression vector. 

Figure 7. Ollgodeoxynucleotldes used as PCR 
primers to generate a shortened lgG4 heavy chain. 
Ollgodeoxynucleotlde primers used In PCR to re-en- 25 

glneer the thymldine kinase (TK) promotor to facUltate 
the expression of the neomycin resistance gene. 
Oligodeoxynucleotlde primers used in PCR to clone 
the lgH enhancer sequence. Ollgodeoxynucleotides 
used as PCR primers to generate a human kappa light 30 

chain constant region. 
Figure 8. PCR recomblnaUon strategy used In the 

fusing of human signal and lntronic sequence to the 
1 B4 heavy chain variable region. 

Figure 9. Oligodeoxynucleolides used as primers 35 

for PCR recombination to fuse human signal and 
intronic sequences onto the 184 heavy chain variable 
region. 

Figure 10. Outline of the construction of the 
neomycin selectable expression vector. 40 

Figure 11. Outline of the insertion of the 
"chimaeric" 184 heavy chain variable region and the 
shortened human lgG4 heavy chain constant region 
Into the heavy chain expression vector. 

Figure 12. Levels of transient expression as 45 

determined by trapping ELISA, of the 1 B4 chimaeric 
heavy chain : grafted Rel/1 B4 llght chain recombinant 
antibody In CV1, COS 7 and 293 cells. 

Figure 13. Competitive binding assay of recom-
binant •chlmaertc•fRE1 184 (circles) and native so 
murlrie 184 MAb (diamonds) for CD18 on activated· 
human PMNs. 

Figure 14. Amino acid sequence composition of 
the human heavy and light chain variable reg ions from 
which framework regions were used to support the 55 

murlne 184 CDRs. 

3 

Figure 15. Oligodeoxynucleotides used in the 
construction of Gal/1 B4 heavy chain variable region 
and Jon/184 heavy chain variable region plus those 
necessary to fuse the human signal and lntronic sequ
ences onto these variable regions. 

Figure 16. PCR-recombination strategy used In 
the CCR-grafting of the Gal/1 B4 heavy chain and 
Jon/1 B4 heavy chain variable regions. 

Figure 17. ONA sequence and deduced amino 
acid sequence detennined for murine 184 heavy 
chain variable region. 

Figure 18. Outline of the construction of the hyg. 
romycln selectable expression vector. 

Figure 19. Outline of the insertion of the Gal/184 
heavy chain.and the Jon/1B4 heavy chain variable 
regions into the heavy chain expression vector con
taining the shortened lgG4 heavy chain constant reg
ion. 

Figure 20. Summary of the compatltlve binding 
activities of murine MAb 184 and recombinant human 
anti-CD18 antibody constructs. 

Figure 21. Oligodeoxynucleotides used in the 
construction of Len/184 llght chain variable region 
plus those necessary to fuse the human signal onto 
the Len light chain variable region. 

Figure 22. PCR-recombinatlon strategy used In 
the CDR-grafting of the Len/1 B4 light chain variable 
region. 

Figure 23. Outline of the Insertion of the Len/184 
light chain variable region Into an lnterdemedlate vec
tor followed by its insertion Into the light chain expres
sion vector. 

Figure 24. ONA sequence and deduced amino 
acid sequence detennlned for murine 1 B4 light chain-
1 variable region. 

Figure 25. DNA sequence and deduced amino 
acid sequence determined formurine 184 llght chain-
2 variable region. 

Figure 26. Oligodeoxynucleotides used in the 
construction of Ga1-m1/1B4 (mutant) heavy chain 
variable region plus those necessary to fuse the 
human signal onto the Gal-m1 heavy chain variable 
region. 

Figure 27. PCR-recombination strategy used in 
the CCR-grafting of the Ga1-m1/1B4 (mutant) heavy 
chain variable region. 

Figure 28. Competitive binding assay of native 
murine 184 (diamlnds) and Gal/Rei humanized 1B4 
(circles). 

Figure 29. Competitive binding assay of New/Rel 
recombinant h184 (closed diamonds) and Gal/Rei 
recombinant h1B4 (open diamonds). 

Figure 30. Effects of native murine 184 
(diamonds) and Gal/Rei recombinant humanized 1 B4 
(circles) on attachment of human PMNs to human 
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unbilical vein endothelial cell monolayers In vitro. 
Figure 31. Comparison of Gal/Rei h184 and 

m1B4 in in vitro functional assays. 
Figure 32. lmmunofluorescence microscopic · 

locallzaUon of m184 and Gal/Rei h184 staining In 5 5 

µm forzen sections of rabbit tissues. 
Figure 33. Double label lmmunofluorescence 

microscopic localization of Gal/Rei h184 and m184 in 
rabbit bone marrow cells. 

Figure 34. Double label lmmunoelectron micros- 10 

copiclocalizatlon of Gal/Rei h1B4and m184 ln speci-
fic granules of human PMNs. 

Figure 35. Dose-dependet inhibition by of m1 84 
and Gal/Rei h184 of C5a (100 pmoi)-induced PMN 
accumulation In rabbit skin. 15 

Figure 36. Dose-dependent lnhlbiUon by m184 
and Gal/Rel h184 of CSa (100 pmol)-induced plasma 
extravasation in rabbit skin. 

Figure 37. Outline of the construction of expres-
sion system p8962 capable of producing large quan- 20 

tities of recombinant CCR-grafted 1B4 antibodies. 
Figure 38. Outline of the construction of expres

sion systems p8968 and p8969 capable of producing 
large quantities of recombinant CCR-grafted 184 anti-
bodies. zs 

BACKGROUND OF THE INVENTION 

Murine derived monoclonal antibodies have been 
uWlzed as diagnostic and therapeutic agents for 30 

numerous human pathologic conditions including 
acute inflammatory responses associated with 
numerous diseases: Administration of murine derived 
monoclonal antibodies (mMAbs) as therapeutic 
agents In man has been severely limited by the 35 

development of antibody within the recipient to the 
mouse antigens of the murine derived monoclonal 
antibody. In attempts to circumvent this outcome 
mMAbs have been restructured by recombinant DNA 
technology in such a way as to decrease their 40 

lmmunogenicity in humans. fmmunoglobulins are well 
defined both chemically and biologically with the gen-
eral structures Olustrated in Molecular Cell Biology, 
Camell, Lodish, and Baltimore, Eds .• Scientific Ameri-
can Books, Inc., W.H. Freeman, New York, NY 45 

(1986). Initially, this involved the construction of 
chimaeric antibodies, Morrison et al., Proc. Nau. 
Acad. Sci. USA 81 : 6851-6855 (1984). Recombinant 
technology wasemployed to replace the murine 
heavy and light chain constant regions with corre- so 
sponding human constant regions. Upon expression, 
such Interspecies antibody chimaeras yielded 
molecules with the antigen binding specificities of the 
parent murlne antibody. The following references 
generally describe chlmaerlc antibody technology : 55 

Lobugllo et al., Proc. Natt. Acad. Sci. USA 86 : 4220-
4224 (1989); United States Patent 4,816,567; PCT 
International Publication No. WO 87102671, 

4 

published May 7, 1987 ; European Patent Publication 
No. 255,694, published February 10, 1988; Euro
pean Patent Publication No. 274,394, published July 
13, 1988 ; European Patent Publication No. 323,806, 
published July 12, 1989; PCT International Publi
cation No. W0/89/00999, published February9, 1989; 
European Patent Publication No. 327,000, published 
August 9, 1989; European Patent Publication No. 
328,404, published August 16, 1989; and European 
Patent Publication No. 332,424, published Septem
ber 13, 1989. 

The lmmunogenicity of chimaeric antibodies can 
be further reduced by grafflng rodent hypervarlable 
regions into the variable region frameworks of human 
light and heavy chains, Jones etal., Nature 321 : 522-
525 (1986). These hypervariable regions have also 
been termed complementarity determining regions 
{CCR). The technique Involves the substitution or 
recombinant grafting of antigen-specific murine CDR 
sequences for those existent within •generic• human 
heavy and light chain variable regions, European 
Patent Publication No. 239,400, published Septem
ber 30, 1987. In this approach, little, If any, concern 
Is shown for the variable region frameworks (FRs) 
within which the murlne CDRs are placed. The instant 
invention illustrates that appropriate supportive struc
tures for the CDRs are vital not only for the assembly 
of the functional antibody molecules but also for the 
production of antibody molecules with avidities which 
allow for the administration of therapeutic doses 
(about 0.1-1mglk.g}. 

Recent studies by Queen et al., Proc. Natl. Acad. 
Sci. USA 86: 10029-10033 (1989), have shown the 
CDRs froma murine anti-Tac monoclonal antibody 
can be grafted into a human framework. The human 
framework variable regions were chosen to maximize 
Identity with the murlne sequence. The authors also 
utilized a computer model of the mMAb to Identify sev
eral amino acids which, while outside the CDRs, are . 
close enough to interact with the CDRs or _antigen. 
These residues were mutated to the residue found In 
the murine sequence. The grafted anti-Tac antibody 
had an affinity for the antigen which was only about 
1/3 that of the murine anti-tac mMAb and mainte
nance of the human character of this antibody was 
problematic. 

Leukocyte Infiltration Into an Inflammatory sHe Is 
dependent on the adhesion of the leukocytes to the 
endothelium prior to extravasaUon. The rapid binding 
of polymorhonuclear leukocytes (PMN) to the 
endothelium and dlapedesis occurs within minutes 
after the introduction of a chemotactlc stimulus In tis
sue, Cybulski et al., Am. J. Pathol. 124: 367 (1986). 
This rapid extravasation appears to depend on the 
response of the PMNs to chemoattractants and on the 
presence of the CD11/CD18 famliy of glycoproteins 
on the leukocyte surface. The family of glycoprotelns 
associated with PMNs are termed leukocyte lntegrins 
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and Include LFA-1 (CD11a/CD18}, Mac-1 
(CD11b/CD18) and p150,95 (CD11c/CD18). Each of 
these heterodimers has a unique alpha chain (CD11 
a, b, c) and an Invariant beta-2 chain (CD18). Stimu-
lation of PMNs with various chemotactic factors 5 

causes Increased· expression of leukocyte lntegrlns 
(CD11b/CD18) fostering strong adhesion to unstimu-
lated endothelium In vitro, Harian, Blood 65; 513 
(1985), and essentially all of the chemoattractant-ln-
duced adhesion Is Inhibited by treating the PMNs with 10 

mMAbs specifically reactive· with the CD11/CD18 
complex, Harlan et al., Blood 66; 167 (1985); Zim
mennan and MclntyreJ. Clin. liwesl 81 : 531 (1988); 
Smith et al., J. Clin. Invest 82: 1746(1988); and Lo 
et al.,J.Exp. Med. 169 :1n9 (1989). Polymer- 1s 
phonuclear leukocytes from patients with leukocyte 
adhesion deficiency (LAD) fall to express CD18 and 
faR to bind unstimulated endothelium in vitro, Harlan 
et al., Blood 66: 167 (1985); Lo et al., J. Exp. Med. 
169: 1n9 (1989). - 20 

-Murine hybridomas producing monoclonal anti
bodies reactive with the beta chain common to the 
Mac-1, LFA-1 and the p150,95 integrlns have been 
described. The mMAbs are designated 184, 60.3, 
TS1/18, H52 and ATCC TIB 218. The 184 ls an lgG2a 26 

antibody and was prepared by Wright et al., Proc. 
Natl. Acad. Sci. USA 80 : 5699-5703 {1983), the 60.3 
Is also lgG2a and was prepared by Beatty et al., J. 
lmmunol. 131 :2913-2918 (1983), TS1/18 ls an lgG1 
antibody and was prepared by Sanchez-Madrid et al., 30 

J. Exp. Med. 158: 1785-1803 (1983), H52, a MAb 
against beta 2 (CD18) was prepared by Hlldreth and 
Orantes, Science 244.: 1075-1078 {1989) and ATCC 
TIB 218, a lgG2a kappa prepared by Springer et al., 
J. Exp. Med. 158: 586-602 (1983). These antibodies 35 

appear to be functionally equivalent and cross-react 
with the beta-2 chain found on human, sheep pig, rab-
bit, and dog leukocytes but not with the beta-2 chain 
found on murlne and rat leukocytes. 

SUMMARY OF THE INVENTION 

A method for producing recombinant immunog
lobulins in which the unique complementarity deter-

40 

mining regions of immunoglobullns from a first animal 45 

monoclonal antibody are Inserted by recombinant 
technology Into a uniquely selected framework of a 
second animal, Including humans. The recombinant 
DNA constructs of the Invention can be used to trans-
feet cells which will produce the recombinant so 
lmmunoglobullns. 

OBJECT OF THE INVENTION 

It Is accordingly, an object of the present inven- 55 

lion to provide novel DNA sequences for the com
plementarity detennlning regions of murine heavy and 
light chain monoclonal antibody. Another object of the 

5 

Invention Is to provide novel DNA sequences for the 
complementarity determining regions of murine 
heavy and light chain monoclonal antibody that 
Immunologically binds to the CD18 lntegrin or antigen 
ofleukocytes. A further object Is to provide novel DNA 
sequences for recombinant animal antibody. Another 
object is to provide a vector containing the DNA sequ
ence for recombinant animal antibody. Another object 
is to provide a mammalian host transformed with a 
vector containing the ONA sequence for recombinant 
animal antibody. It is a further object that the animal 
recombinant antibody be human recombinant anti
body. A further objective Is to provide recombinant 
human immunoglobulin that binds to leukocyte lnteg
rin. Another object is to provide a process for making 
recombinant human immurioglobulin. A further object 
is to provide a process for producing recombinant 
immunoglobulins. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to methods and 
means for the construction and expression of unique 
recombinant derived antibody In which complemen
tarity determining regions (CDRs} from a first animal 
monoclonal antibody of defined specificity are inser
ted Into a second animal, including man, variable 
heavy and light chain frameworks which show a high 
degree of sequence similarity with the frameworks of 
the first animal and present the CDRs In the approp
riate configuration to react with the appropriate anti
gen or ligand. The Insertion or grafting is carried out 
by processes well known In the biotechnical arts, 
primarily recombinant DNA technology. The unique 
frameworks (FRs) are selected for their structural 
compatibility and sequence similarity with the first ani
mal frameworks. This preselectlon is dependent on 
orie or more of the following criteria : (I) sequence 
matching to all known human heavy chain variable 
(VH) and light chain variable (VJ framework sequ
ences with the framework sequences of the animal 
monoclonal antibody from which the CDRs have been 
removed ; (ii) sequence matching as described in (i), 
but with significant attention paied to interspecies 
matching of the non-surface exposed amino acid resi
dues ; (iii) tertiary and quaternary structural model of 
human framework sequences with CDRs in place for 
comparison with models of the original animal mono
clonal antibody ; and (iv) screening of human 
genomic DNA with DNA probes corresponding to 
framework sequences in chosen animal monoclonal 
antibody. These criteria and the following procedures 
are used to prepare recombinant DNA sequences 
which Incorporate the CDRs of animal mMAb, both 
light and heavy chains, into human frameworks that 
can then be used to transfectmammallan cells for the 
expression of recombinant human antibody with the 
antigen specificity of the animal monoclonal antibody. 
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The present Invention further comprises a 
method for constructing and expressing the altered 
antibody comprising : (i) mutagenesis and assembly 
of variable region domains including CDRs and FRs 
regions ; (Ii) preparation of an expression vector · s 
Including at least one variable region which upon 
transfectlon into cells results in the secretion of pro-
tein sufficient for avidity and specificity determi
nations ; and (IQ co-amplification of heavy and light 
chain expression vectors In appropriate cell lines. 10 

The present invention provides recombinant 
methods for lncorporatlng·coRs from animal monoc
lonal antibodies into human immunoglobulin 
frameworks so that the resulting recombinant human 
antibody wlll be either weakly lmmunogenic or non- 15 

immunogenic when administered to humans. Prefer-
ably the recombinant lmmunoglobulins will be 
recognized as self proteins when administered for 
threapeutic purposes. This method of "humanization" 
will render the recombinant antibodies useful as 20 

therapeutic agents because they wm be either weakly 
lmmunogenlc or non-immunogenic when adminis-
tered to humans. The invention Is further contem
plated to include the recombinant conversion of any 
animal monoclonal antibody into a recombinant 2s 
human monoclonal antibody providing that a suitable 
framework region can be identified (as described 
below). It is intended that the present Invention 
Include the nucleotide and amino acid sequences of 
the murine CDR regions and the human framework 30 

regions either separately or combined as a light or 
heavy chain or an intact immunoglobulln and any con
servatively modified· variants thereof. The animal 
monoclonals may include. but are not limited to, those 
murine monoclonal antibodies described by Van- 35 

Voorhis et al., J. Exp. Med. 158: 126-145 (1983) 
which bind to human leukocytes and the appropriate 
mMAbs produced by hybridomas deposited in the 
Hybridoma Cell Bank maintained by the American 
Type Culture Collection (ATCC) and described in the 40 

ATCC Catalog of Cell Lines & Hybridomas, No. 6, 
1988. 

The CDR sequences from the animal monoclonal 
antibody are derived as follows. Total RNA is extrac-
ted from the murine hybridomas, for example the 184 45 

myeloma cells described by Wright et al., Proc. Natl. 
Acad. Sci. USA BO: 5699-5703 (1983), the 60.3 cells 
described by Beatty et al., J. lmmunol. 131 : 2913-
2918 (1983), the TS1/18 cells described by Sanchez-
Madrid et al., J. Exp. Med. 158: 1785-1803 (1983), so 
and otheranti-CD18 or CD11monoclonal antibodies 
and hybridomas as described In Leukocyte.Typing Ill, 
Springer-Vedag, New York {1988), using standard 
methods involving ceOular solublllzation with guanidl-
nium isothiocyanate (Chirgwin at al., Biochem. 18: 5S 
5294-5299(19791). The murlne 184 mMAb willbe 
used as the primary example of animal MAb that can 
be •humanized• by the unique process being dis-

6 

closed. The Invention Is intended to include the con
version of any animal immunoglobulin to a human 
immunoglobulin. It is further Intended that human 
lmmunoglobulin (lg) can contain either kappa or 
lambda light chains or be one of any of the following 
heavy chain lsotypes (alpha, delta, epislon, gamma 
and mu). Pairs of degenerate ollgodeoxynucleotide 
primers (Figure 1) representing sequences within 
framework 1 of the murine kappa light chain variable 
region and light chain constant domain, or those 
within framework 1 of the murine lgG2a heavy chain 
variable region and· heavy chain constant CH1 
domain are synthesized on an Applied Biosystem 
381A DNA synthesizer, removed from the resin by 
treatment with concentrated NH40H and desalted on 
a NAP-5 column eluted with H20. Total RNA, about 2 
µg, is reverse transcribed for about 30 min at about 
42° C using Moloney MLV reverse transcriptase, 
about 200 units (BRL), and about 10 pmoles of the 
constant region complementary strand primers for 
either the heavy or light chain. The reverse transcrip
tase is heat inactivated, about 95° C for about 5 min, 
and the reactions are made to contain In about 100 µI 
of PCR buffer about 50 pmoles of each of the paired 
primers and and 25 units ofTaq polymerase.About45 
cycles of amplification (2', 94°C; 2', 55°C; 2' 72°C) 
are followed by gel purification of the anticipated 400+ 
base pair(bp) ONA fragments (Figure 2). Priortosub
cloning those DNAs into a blunt-ended intermediate 
plasmid such as pSP72 (Promega) they are terminally 
phosphorylated using T4 polynucleotlde kinase. Fro
zen competent E.coli were thawed on Ice and 100 µI 
aliquots were distributed Into wet Ice chDled polyp
ropylene tubes. DNA (1-10 ng) from the ligation mixt
ure was dispensed with aggltatlon Into these tubes 
and the mixture was Incubated on Ice for 30 minutes. 
The E. coll cells were heat-shocked by incubation at 
42° C for 45 seconds, then chilled for 2 minutes on Ice. 
Room temperature S.O.C. (Hanahan, 0., J.Mol. Biol. 
166: 557, 1983) was added and the cultures were 
shaken at 225 RPM at 37°C for 60 minutes. Aliquots 
of the cultures were spread on LB agar plates contain
ing 100 µg/mL ampiclllin and these plates were Incu
bated overnight at 37°C to allow for colony growth. 
Multiple clones representing these PCR amplified 
sequences are grown and submitted to DNA sequ
ence determinations using Sequenase® and T7 and 
SP6 specific sequencing primers. A unique DNA 
sequence representing a murlne lgG2a heavy chain 
variable region is obtained. but two kappa light chain 
variable regions are represented within . the cloned 
population (Figure 3). To distinguish which sequence 
belongs to the 184 mMAb, the 184 mMAb is reduced 
with _dlthlothreitol (DTI) and purified heavy and light 
chains are subjected to N-termlnal amino acid 
sequencing using the Applied Biosystems 4 77 A sequ
encer. Tryptic and cyanogen bromide digested pep
tides are also sequenced. 
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Replacement of human variable region CDRs 
with those unique to mMAb 184 ls accomplished utili
zing the following unique processes. An appropriate 
human framework is determined utlllzlng the criteria 
discussed above. A light chain variable region s 
framework such as the REI framework (Orlandi, et al., 
Proc. NaU. Acad. Sci. USA 86: 3833-3837[1989] ; 
Rlechmann etal., Nature 332: 323-327(1988}; Euro
pean Patnet Application, Publication No. 239,400), 
with its leader and 3' lntronlc sequences, ls subcloned 10 

into the lntennediate vector pGEM3Z (Promega). 
About eight ollgodeoxynucleotlde primers (Figure 4) 
are synthesized representing the primers necessary 
to generate by polymerase chain reaction (PCR) 
amplification four DNA fragments. Incorporated into 1s 
all but the terminal ollgodeoxynucleotfde primers were 
those sequences corresponding to MAb 184 light 
chain CORs and at least 15 bases of 5'- terminal com
plementarity (see Figure 5). The appropriate primer 
pair, about 50 pmole each, was combined with about 20 

10 ng of plasmid DNA representing the REI 
framework, about 2.5 units of Taq DNA polymerase 
and about thirty (30) cycles of PCR amplification 
ensued {cycle periods, as above). The products of the 
four reactions, purified by agarose gel 2s 

electrophoresis, are combined, about 10 ng of each 
ONA fragment, along with terminal oligodeoxynuc
leotlde primers (Figure 4) and Taq DNA polymerase 
and the combined fragments were PCR amplified 
(see Agure 5). Following restriction endonuclease so 
digestion with Hlndlll and Xbal the amplified DNA is 
purified by agarose gel electrophoresis and sub
cloned Into compatible sites of an intennediate vector 
pSP72 (Promega) which contains the human kappa 
light chain constant region (see Figure 6). Genomic 35 

DNA. about 1 µg, purified from a human B cell line 
(GM0108A: NIGMS Human Genetic Mutant Cell 
Repository, Institute for Medical Research, Camden, 
NJ) is used as a template for PCR amplification (Fig-
ure 7) of about a 920 base pair fragment containing 40 

the splice acceptor for the kappa light chain constant 
domain, the exon and a portion of its 3'..untranslated 
region. The PCR product is purified by agarose gel 
electrophoresis, digested with BamH1 endonuclease, 
and subcloned into pSP72 previously linearized with 45 

BamH1. The Individual clones representing the 
pSP72 Jntennedlate vector containing both the 1 B4 
grafted variable region derived from REI and the 
human kappa constant region derived by PCR ampll-
flcatlon of human DNA are used to determine the DNA so 
sequence of the grafted light chain variable region. 

The chimaeric heavy chain portion of the recom
binant antibody Is derived from the murine 1 B4 heavy 
chain variable region fused to the human constant 
region of a gamma 4 subtype obtained from a lambda 55 

library conslructed by Flanagan and Rabbits, Nature 
300: 709-713 (1982). The variable region of the 
chimaerlc heavy chain is constructed from three DNA 

7 

fragments representing a signal sequence, a portion 
of the murine heavy chain variable region, and an 
intronic sequence (Figure 8). Oligodeoxynucleotide 
primer pairs (Figure 9) are synthesized representing 
the primers necessary to generate by PCR amplifi
cation these three ONA fragments from about 10 ng 
of plasmid DNA templates obtained from M-
13VHPCR1 (Orlandi etal., Proc. Natt. Acad. Set USA 
86: 3833-3837 [19891) or the pSP72 Intermediate 
vector containing the lgG2a heavy chain variable reg
ion previously used to determine the murine 1 B4 CDR 
sequence. Amplification of the slgnal fragment, vari
able region fragment and lntron-containing fragment 
was as described above. The agarose gel purified 
products are combined, about 10 ng of each product, 
with terminal oligodeoxynucleotlde primer pairs (Fig
ure 9) and the PCR-generated in vitro, recombined 
template is amplified using the standard procedures 
described above. Prior to subdoning into a Bglll and 
BamHI digested intermediate vector pSP72 this 
recombined product is similarly digested and agarose 
gel purified. Individual clones are submitted to DNA 
sequence detennination using Sequenase® and T7 
and SP6 specific sequencing primers and one is cho
sen (p8950) for subsequent expression. 

The gamma 4 heavy chain constant region ls sub
cloned as about a 6.7 Kb Hlndlll fragment derived 
from the plasmid pA T84 (Flanagan and Rabbltts, Nat
ure 300: 709-713 (1982]) into the Hind Ill site of the 
Intermediate vector pSP72. This plasmid Is then used 
as the template DNA from which a shortened version 
of the gamma 4 constant region is subcloned using 
PCR amplification and the primer pairs indicated In 
Figure 7. Eukaryotic expression vectors are construc
ted as described below. Expression vectors are 
defined herein as DNA sequences that are required 
for the transcription of cloned copies of genes and the 
translation of their mRNAs In an appropriate host. 
Such vectors can be used to express eukaryotlc 
genes In a variety of hosts such as bacteria, blue
green algae, plant cells, yeast cells, insect cells and 
animal cells. The immunoglobullns may also be exp
ressed in a number of virus systems. Speclflcally 
designed vectors allow the shuttling of DNA between 
hosts such as bacteria-yeast or bacteria-animal cells. 
An appropriately constructed expression vector 
should contain : an origin of replication for autonom
ous replication In host cells, selectable markers, a 
limited number of useful restriction enzyme sites, a 
potential for high copy number, and strong promoters. 
A promoter Is defined as a DNA sequence that directs 
RNA polymerase to bind to DNA and Initiate RNA 
synthesis. A strong promoter is one which causes 
mRNAs to be initiated at high frequency. Expression 
vectors may include, but are not limited to, cloning 
vectors, modified cloning vectors, specifically desig
ned plasmids or viruses. The heavy chain lmmunog
lobulin molecule Is transrlbed from a plasmid carrying 
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the neomycin (G418) resistance marker while the light 
chain immunoglobulln Is transcribed from a plasmid 
canying the hygromycin B resistance marker. With 
the exception of the drug resistance portion of these 
plasmids they are identical. 

The preferred progenitor of the immunoglobulin 
expression vectors is the pD5 (Berkner and Sharp, 
Nucl. Acids Res.13: 841-857 {1985]) eukaryotic exp
ression vector which contains the origin of adenovirus 
replication, the SV40 enhancer domain, the adenovl
rus major late promoter, the adenovirus 2 tripartite 
leader, a 5' splice donor from the adenovirus third 
leader and a 3' splice acceptor derived from an 
lmmunoglobulin locus, a multiple cloning site placed 
In the Bam H1 site subsequent to receipt of the vector, 
and the SV40 late polyadenylation signal (Figure 1 O}. 
The origin of replication is removed by digestion with 
Eco R1 and Kpnl and replaced by two fragments rep
resenting the neo selectable marker gene (derived 
from plasmid pCMVIE-AK1-DHFR as an Eco R1/Bam 
H1 about 1.8 Kb fragment) and the lg heavy chain 
enhancer (obtained as a PCR amplified fragment 
using human DNA as the template, and the 
olfgodeoxynucleotldes listed in Figure 7 as the primer 
pair, following Its digestion with Bgl II and Kpn I). The 
resultant expression vector is found to lack a small 
portion of the TK promoter responsible for the tran
scription of the neomycin gene. This is replaced by 
Insertion Into the EcoRI site of about a 0. 14kb PCR 
amplified fragment derived from the CMVIE-AK1-
DHFR DNA using the primer pair listed in Figure 7. 
The resultant heavy chain expression vector (p8941) 
is modified by removal of the indicated Hindlll and 
Xbal sites using standard procedures. To convert this 
vector Into one expressing the hygromycin B select
able marker the neomycin-resistance cassette is 
removed by digestion first with Eco R1 followed by 
DNA polymerase-directed fill In of the 5' overhang, 
then subsequent Sall digestion. The about 1.9 kb hyg
romycin B expression cassett, TK promoter and TK 
polyadenylation signal flanking the hygromycin B 
gene, (obtained as a 1.8 kb BamH1 fragment in plas
mid pl690, Gritz and Davies, Gene 25 : 179-
188[1981]) is removed from the plasmid pAL-2 by 

. Barn H1 digestion and subcloned into the BamH1 site 
of the intermediate vector pSP72. The hygromycin B 
cassette is removed from this vector by digestion with 
Smal and Sall and cloned into the expression vector 
linearized as described above to create a blunt end 
and Sall end ONA fragmenl 

Expression of the 1 B4 CDR-grafted kappa light 
chain is accomplished by transferring this clstron from 
the pSP72-based Intermediate cloning vector (p8952) 
to the hygromycin B selectable eukaryotic eXPression 
vector (see Figure 6). An about 1.5 kb DNA fragment 
resulting from the endonuclease digestion of p8952 
with Spe I and Cla I Is purified by agarose gel 
electrophoresis and ligated Into the expression vector 

which has previously been linearized, following diges
tion with the same two restriction enzymes, and agar
ose gel purified. The heavy chain eukaryoUc 
expression vector is constructed In two steps (see 

5 Figure 11 ). First, the p8950 vector containing the 
. modified heavy chain variable region of murine 1B4 
Kb fragment is digested with Bgl II and 8am H1. The 
agarose gel purified 0. 75 kb fragment Is ligated into 
the BamH1 site of the p8941 vector and recombinant 

10 clones containing this fragment in the proper orien
tation are identified. Plasmid DNA from one such 
clone Is linearized by Bam H1 digestion and ligated 
with a 1. 78 Kb BamH1 fragment representing a short 
version of the human gamma 4 constant region, 

15 derived from plasmid pAT84 by PCR amplification. 
Following the identification of clones containing these 
inserts in the appropriate orientation, plasmid DNAs 
(one which Is referred to as p8953) are grown and 
purified for transfection into recipient mammalian 

20 cells. Host cells for the expression of humanized 
monodonal antibodies include, but are not limited to, 
human cells such as 293 cells, monkey cells such as 
COS-7 and CV-1P, and other mammalian cells such 
as CHO and NSO. 

25 Equal amounts, about 10 µg, of the plasmids 
encoding the chimeric lgG4 heavy chain and the 1 B4 
CCR-grafted kappa light chain are transfected by 
standard calcium phosphate precipitation procedures 
into human 293 cells, and the monkey cells COS-7 

30 and CV-1 P. The culture supernants are assayed by a 
trapping Elisa (described below) for the secretion of 
human lgG4/kappa immunoglobulin. This 81sa assay 
is also employed for the quantitation of the amounts 
of a humanized 1 B4 recombinant antibody expressed 

35 in conditioned mammalian cell growth medium. 
lmmulon-2 (Dynatech Labs.) 96-well plates are 

coated overnight with about a 5 µg/ml solution of 
mouse .anti-human kappa chain constant domain 
monoclonal antibody (cal #MC009, The Binding Site, 

40 Inc., San Diego, CA) in about 0.1 M NaHC03 buffer 
(pH 8.2) at about 4°C, and blocked with about 1% 
bovine serum (BSA) in about 0.1 M NaHC03 for about 
1 h at about 25° C. After this and all subsequent steps, 
washing was performed with phosphate buffered 

45 saline (PBS). The wells are then inoculated with con
ditioned medium containing reco~binant anti-CD18 
antibody, or with predetermined quantities of human 
lgG4/kappa purified by protein A Sepharose (Phar
macia Fine Chemicals) chromatography from human 

50 lgG4 myeloma serum (cal# BP026,The Binding Site, 
Inc.) All samples are diluted In PBS containing about 
0.05% Tween-20. About 100 µI aliquots are Incubated 
for about 1h at about 37°C In triplicate, and standard 
calibration curves are constructed using lgG4 con-

55 centrations ranging from about 10 ng/ml to about 100 
ng/ml. Bound and fully assembled human lgG4 (either 
native or recombinant 184-human lgG4 constructs) 
are detected with about 100 µI aliquots of a 1 :500 

8 
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dilution of mouse anti-human lgG4 Fe monoclonal 
antibody conjugated to alkaline phosphatase (cat 
#05--3822, Zymed Laboratories, Inc.) In phosphate 
buffered saline (PBS) containing about 1 % BSA. After 
Incubation for about 1 h at about 37°C and subsequent s 
washing, the quantities of bound conjugate are detec-
ted by incubating all samples with a 1 mg/ml solution 
of p-nltrophenyl phosphate In 0.1 M 2,2'amlno-me
thyl-propanedlol buffer, pH 10.3, for about 30 min at 
about 25°C. The adsorbance of the wells ls deter- 10 

mined with a UV Max ELISA plate reader (Molecular 
Devices) set at 405 nm. All supernatant fluids from the 
transfected cells are found to contain this immunog
lobulln, though In various amounts (Figure 12). The 
antibody secreted by the transfected 293 cells is lso- 1s 
lated by protein A chromatography and the the con
centration of recombinant human anti-CD18 
anbbodles determined by the trapping Elisa described 
above, are used to compete with the binding of 
radlolabeled murlne 184 to the CD18 ligand on the 20 

surface of activated human PMNs. Affinities of vari-
ous recombinant human anti-CD18 (r-h-antl-CD18) 
antibody constructs are determined using a competi-
tive 1261-184 soluble binding assay with stimulated 
human polymorphonuclear leukocytes (PMNs). Puri- 25 

fled murlne antl-CD18 monoclonal antibody (50 ug) is 
iodinated using chl~amine-T (Hunter and Green
wood, Nature 194: 495-496, 1962), and the 
radiolabeled antibody purified using a Bio-Sil TSK250 
(Biorad) gel filtration HPLC column (which fraction- ao 
ates proteins in the range of 1-300 x 103 daltons} 
equlllbrated In 0.1 M phosphate buffer, pH 7.0. 
Effluent radfoactivity Is monitored with an In-line 
detector (Beckman Model 170; Beckman) and total 
protein measured at OD280 with a Kratos Spectroflow 35 

757 detector (Kratos}. A single 12lil-1B4 peak com
posed of coincident 00280 and radioactivity tracings 
characteristically elutes about 6 minutes, 30 seconds 
following sample injection. Specific activity of the pro-
duct is generally about 10 µCi/µg protein, and 97-99% 40 

of the counts are precipitable with 10% trichloroacetic 
acid. The binding of this radiolabeled antibody is 
assessed on human PMNs purified on a discontinu-
ous Ficoll/Hypaque gradient (English and Anderson, 
J.lmmunol.Methods5 :249-255, 1974)andactivated 45 

with about 100 ng/ml phorbol myristate acetate for 
about 20 minutes at about 37°C (Lo etal., J. Exp. Med. 
169: 1n9-1793, 1989). To detennlne the avidity of 
antibodies for CD18 molecules on the PMN surface, 
about 1 x 105 activated PMNs are incubated In a buffer so 
such as Hanks balanced salt solution containing 
about 20 mM Hepes (pH 7.2), about 0.14 units aproti- · 
nln (Sigma· Chemical Co.) and about 2% human 
serum albumin (binding buffer) containing about 1.3 
ng 12liJ-1B4 (2.8 x 10-11 M) In the presence of increas- 55 

Ing concentrations of unlabeled 184 antibody (about 
10-1 to 1 o-1s M) in about a 300 µI reaction volume for 
about 1 h at about 4°C with constant agitation. Cell 
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bound 184 is separated from the unbound antibody 
by centrifugation through a 0.5M sucrose cushion 
(4,800xg, 3mlnutes) ;thetubesarefrozenondrylce, 
and the tips cut off and counted with an LKB gamma 
counter. The IC50 of the antl-C018 antibody for the 
inhibition of 12s1.1s4 antibody binding is calculated 
using a four parameter fitter program (Rod bard et al., 
In, "Radlolmmunoassay and Related Procedures in 
Medicine", International Atomic Energy Agency, 
Vienna, vol I, 469- 504, 1978). The affinity of the vari
ous recombinant humanized anti-CD18 (r-h-anti
CD18) antibodies for the CD18 llgand Is determined 
in a similar manner using murine 1251.194 antibody 
and Increasing quantities, as determined by the trap
ping Elisa, of unlabeled r-h-anti-CD18. The results of 
the binding assays are shown In Figure 13 and Indi
cate that the avidity of the chlmaerlc heavy 
chain/grafted light chain recombinant 184 antibody is 
approximately that of the murine 184 monoclonal anti
body. 

The results described above show that an anti
body with human isotype may be recombinantly exp
ressed following the transfer of the antigen binding 
domains from a first animal (murine) light chain 
framework to a second animal (human) light chain 
framework one fused with a human kappa constant 
region, when combined with a chimaeric heavy chain 
(murlne heavy chain variable region fused to a human 
gamma 4 constant domain) without loss in avidity for 
the antigen. It can be inferred from this result that the 
human REI light chain framework region does not 
alter the presentation of the murlne 184 light chain 
CDRs and/or the conbibutlon of the light chain CDRs 
to the antibody's avidity is minimal. Many of the exam
ples of construction of recombinant human antibodies 
containing complementarity regions replaced by 
those found within murine monoclonal antibodies 
have resulted in loss of avidity for the ligand or anti
gen. Thus, although these transmutations are poss
ible, the successful maintenance of avidity is not 
assured. The procedures described below demon
strate that when strict attention is payed to the 
framework regions. CDR domains may be transferred 
to those frameworks without the loss of avidity which 
accompanies their transfer to the •generic• 
frameworks employed by Winter, European Patent 
Publication No. 239,400, published September 30, 
1987. 

To identify human framework sequences compat
ible with the CDRs of, say, murine 184, human 
frameworks with a high degree of sequence similarity 
to those of murine 184 were identified. Sequence 
similarity was measured using Identical residues as 
well as evolutionarily conservative amino acid sub
stitutions. Similarity searches were performed using 
the murlne 184 framework sequence from which the 
CCR sequences had been removed. This sequence 
was used to query a database of human lmmunoglo-

BIOEPIS EX. 1002 
Page 2169



15 EP O 438 310 A1 16 

bin sequences that had been derived from multiple 
sources. Sequences with a high degree of sequence 
similarity were examined lndlvldually for their poten
tial as humanizing framework sequences. Special 
attention must be given to those framework residues 
which are not located or exposed on the surface of the 
antibody since these residues will play a critical role 
In the packing of the CDR supporting scaffolding. In 
this way, the human homologue providing the murine 
CDRs with the structure most similar to their native 
murine framework was selected for subsequent con
struction of the humanized variable region (see Figure 
14). ltshould be noted thatin the present invention the 
heavy and light chain framework sequences chosen 
for grafting need not be derived from the same human 
antibody. That Is to say, using the above mentioned 
criteria for choosing human frameworks the entire 
accumulated human nucleic acid and protein datab
ases may be searched for the desired matching sequ
ences. The ideal light chain framework may come 
from one lmmunoglobulin sequence while the heavy 
chain framework may come from another. Should 
human frameworks of sufficient similarity not be Iden
tifiable from compiled sequences, It Is possible to Iso
late from human genomic DNA a group of closely 
related variable regions using recombinant technol
ogy. Thus, a degenerate 5' upstream oligodeoxynuc
leotlde primer may be designed from the conserved 
sequences within the amino-terminus of each of the 
various human FR1 regions and paired with a degen
erate 3' downstream ollgodeoxynucleotlde primer 
fashioned from the FR3 sequence determined from 
the murine monoclonal whose CDRs one wishes to 
transfer Into a human context. These primer pairs are 
then used to PCR amplify from a human genomic tem
plate those DNA sequences which are flanked by the 
primer pair. The resulting DNAs may then be cloned 
and the DNA sequence derived from individual mem
bers will describe various murine-related human vari
able regions. The paucity of somatic mutations In 
framework residues and the conservation of amino. 
acid sequence between mouse and man make this 
approach possible. 

The construction of a complete recombinant 
human lgG4 antibody, whose heavy and light chain 
variable domains contain the CDR residues of the 
murine monoclonal antibody, with complete retention 
of the specificity and avidity of the parent murine 
monoclonal antibody Is disclosed. The construction of 
the CDR-grafted light chain framework derived from 
the human sequence of REI fused with a human 

. kappa light chain constant region is.described above. 
The murlne variable region framework sequence, 

devoid of CDR sequences, is used to query a datab
ase of complete human variable region sequences. 
The human sequences that are most slmHar to the 
murine framework region are then analyzed Individu
ally to determine both their sequence Identity and 

similarity to the murine framework region. In the case 
of murine 184 these sequences Include, but are not 
llmlted to, Gal and Jon, chosen because of their high 
degrees of bo,th simnarity and identity with the murine 

5 1 B4 heavy chain sequence. The Gal FR has been 
shown to be 85% similar and 79% identical to murine 
184, while the Jon FR has been shown to be 88% 
similar and 75% Identical to 1B4. These values are 
based upon the Dayhoff simUarlty matrix of evolutlo-

10 nanly conserved amino acid substitutions (R M. 
Schwartz. M. 0. Dayhoff, in Atlas of Protein sequence 
and structure M. 0. Dayhoff, Eds. (National Blomedl
cal Research Foundation, Washington, DC [1979)) 
(see Figure 14). To prepare a recombinant DNA 

15 encoding the murine heavy chain CDRs In the.context 
of each of these frameworks the following procedures 
are performed. 

Two sets of four long oligodeoxynucleotldes are 
. synthesized. When each set is combined, they 

20 encode the 184 heavy chain CDRs and the chosen 
· human heary chain variable region framework. The 

four oligodeoxynucleotides of a set, about 1 pmole of 
each, are combined in a PCR reaction with Taq 
polymerase and about 50 pmoles of each terminal 

25 amplifying oligodeoxynucleotide (Figure 15, Figure 
16). By virtue of the complementary ends of the sin
gle-stranded oligodeoxynucleotldes, the polymeri
zation-denaturation-polymerization cycles of the 
polymerase chain reaction result In the formation, and 

30 subsequent amplification, of the combined sequ
ences. Following about 25 cycles of amplification the 
combined 0.4 Kb fragment Is electrophoretlcally puri
fied from an agarose gel. In parallel, two DNA frag
ments representing amino terminal sequences 

35 encoding the signal peptide and carboxy terminal 
sequences encoding framework 4, splice donor, and 
intronic sequences are amplified using 
oligodeoxynucleotide primer pairs (Figure 15) and the 
NEWM containing plasmid DNA template M-

40 13VHPCR1 (described above). These two fragments 
are agarose gel purified, as above, and about 10 ng 
of each Is combined with about 10 ng of the amplified 
grafted variable region fragment. Taq polymerase, 
about 50 pmoles of each of the tennlnal primers (Flg-

45 ure 15) and the mixture was PCR amplified. The resul
tant 0.85 Kb fragment Is digested with restriction 
enzymes Spa I and BarnH1. Following agarose gel 
electrophoresis, the purified DNA fragment Is ligated 
Into the heavy chain expression vector, p8958 (see 

50 Figure 11 ), In place of the chlmaerlc ,variable region. 
In this way, two unique heavy chain frameworks con
taining the grafted murine CDRs (Jon/1 B4 and 
Gal/184) are constructed. Each fully grafted heavy 
chain expression vector plasmid Is co-transfected 

ss with the fully grafted REl/184 light chain expression 
vector plasmid Into 293 cells and the recombinant 
human antibody is present in conditioned medium. 
The Gal/184 :REl/184 heterodimeric human (fully 

10 
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humanized) recombinant antibody ls isolated by pro
tein A chromatography. The avidity of this antibody for 
the CD18 ligand displayed on the surface of activated 
human PMNs Is compared with that of the 
chlmaerlc/grafted antibody, described above, and the s 
184 murlne monoclonal antibody parent. Figure 20 
shows that although each hetero-dimeric antibody 
contains the same set of six CDRs, they do not exhibit 
Identical avidity for the ligand. Thus, the avidity of an 
antibody molecule relies upon the variable region 10 

framework structure In which the CDRs are presen-
ted. The parent murlne monoclonal antibody demon
strates an IC60 of about 0.5 nM while the Gal/Rei 
heterodimer has an I~ of about 1.6 nM. 

To determine the relative contribution of the 16 

heavy and light chain variable regions to the enh
anced avidity of the Gal/REI grafted hetero-dimer, 
second light chain and heavy chain frameworks were 
constructed containing the 184 CDR sequences. 
These frameworks, termed Len and mutant Gal or 20 

Gal-M1 were chosen from the human immunoglobulln 
database by virtue of their high degree of similarity to 
the light chain FR and heavy chain FR of murine 184 
(Figure 14). The Len FR shows a similarity of SO% and 
an Identity of 81 % when compared to murine 184. The 25 

resulting recombinant antibodies which specifically 
bind to CD18 antigen or receptor are termed recom
binant human anti-CD18 antibodies (r-h-antl-CD18 
Abs}. 

This invention further relates to a method of 30 

Inhibiting the Influx or migration of leukocytes capable 
of expressing CD18 antigen (leukocyte integrin, beta-
2 subunit) on their surface into a site of inflammation 
or a tissue area or organ that will become Inflamed fol-
lowing an influx of the cells. The Inflammation which 35 

Is the target of the method of the present invention 
may result from an infection with pathogenic microor
ganisms such as gram-positive and gram-negative 
bacteria, parasites and fungi. The response may also 
be induced by viruses and non-infectious means such 40 

as trauma or reperfusion following myocardial infarc-
tion or stroke, immune responses to foreign antigen 
and autoimmune responses. 

The recombinant human antl-CD18 antibodies 
are useful in the treatment of inflammation in lung, 45 

central nervous system, kidney, joints, endocardium, 
pericardium, eyes, ears, skin, gastrointestinal tract 
and urogenital system. Disease states In which the 
recombinant human antl-CD18 antibodies are useful 
as therapeutic agents Include, but are not limited to : 50 

infectious diseases where active Infection exists at 
any body site, such as meningitis ; conditions such as 
chronic or acute secondary inflammations caused by 
antigen deposition ; and other conditions such as, 
encephalitis ; arthritis ; uveitls ; colitis ; 55 

glomerulonephritis ; dermatitis ; psoriasis ; and res
piratory distress syndrome associated with sepsis 
and/or trams. Other Inflammatory diseases which 

11 

may be responsive to recombinant human antl-CD18 
antibody include, but are not limited to, Immune dis
orders and conditions involving T-cell and/or 
macrophage attachment/recogniHon, such as acute 
and delayed hypersensitivity, graft vs. host disease; 
.primary auto-immune conditions such as pernicious 
anemia ; Infection related auto-Immune conditions 
such as Type I diabetes mellltis ; flares during 
rheumatoid arthritis ; diseases that involve leukocyte 
diapedesis, such as multiple sclerosis ; antigen-anti
body complex mediated diseases including certain of 
the secondary infection states listed above ; 
lmmunosuppression ; and transplant rejection. 
Inflammatory conditions due to toxic shock or trauma 
such as adult respiratory distress syndrome and 
reperfusion injury ; and disease states due to leuko
cyte dyscrasias and metastasis, are included within 
the scope of this invention. 

The present invention is also applicable to the 
inhibition of leukocyte-endothelial attachment for 
diagnostic and therapeutic purposes ; such as the iat
rogenic opening of the endothelium to prevent the 
ingress of leukocytes during the ingress of a dye or 
image enhancer Into tissue, or to allow the selective 
entry of a therapeutic drug in the instance of chemo
therapy ; or to enhance the harvesting of leukocytes 
from patients. 

Recombinant human anti-CD18 antibodies or an 

active fragment thereof can be used to traat the above 
mentioned diseases. An active fragment will Include 
the F(ab')2, the Fab and any other fragment that can 
bind to the CD18 antigen. Recombinant human antl
C018 antibodies can be administered alone for non
Infectious disease states or combined with antibiotics 
or other anti-infective · agents for the treatment of 
Infectious diseases for reasons di scussed above. 
Administration will generally include the antibodies 
and other substance in a physiologically acceptable 
medium or phannaceutical carrier. Such physiologi
cally acceptable media or phannaceutical carriers 
include, but are not limited to, physiological saline, 
phosphate buffered saline, phosphate buffered saline 
glucose, buffered saline and the like. The antibodies 
and any anti-infective agent will be administered by 
parenteral routes which include intravenous, 
intramuscular, subcutaneous and intraperitoneal 
injection or delivery. 

The amount of the antibodies and the mixture in 
the dosage fonn is dependent upon the particular dis
ease state being treated. The amount of the recom
binant human anti-CD18 antibody utlllzed in a dosage 
form can range from about 1 to about 1,000 mg, with 
a range of from about 1 O mg to about 100 mg being 
preferred. The antibodies can be administered daily 
or less than daily as determined by the traatlng physi
cian. 

The following examples Illustrate the present 
Invention without, however, limiting the same thereto. 
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EXAMPLE 1 

Preparation of a Grafted I Chimaeric Recombinant 
Antibody 

An antibody was produced in which the variable 
domain of the light chain comprises the framework 
regions of a human light chain and the CDRs from a 
mouse light chain, while the variable domain of the 

5 

heavy chain is derived entirely from the murine heavy 10 

chain. The light chain framework regions were derived 
from human myeloma protein REI (Oriandi, et al., 
Proc. NaU. Aced. Sci. USA 86: 3833-3837[1989]; 
Rlechmann et al., Nature 332 : 323-327(1988] ; Euro-
pean PatnetApplication, Publication No. 239,400) for 1s 
which the crystallographic structure has been deter
mined. The CDR sequences from the murine monoc-
lonal antibody 184 which binds to CD18 (the beta 
subunit of the leukocyte lntegrin beta-2 family which 
Includes: LFA-1, Mac-1, and p150.95) were derived 20 

as follows. The hybridoma designated 184 which pro
duces 184 monoclonal antibody was deposited under 
the Budapest Treaty at the International Depository 
Authority: American Type Culture Collection, 12301 
Parklawn Drive, Rockville, MD, 20852. Viability was 25 

determined on June 6, 1989 and the hybridoma was 
designated HB 10164. Previous experiments had 
determined this antibody to be an lgG 2a with a kappa 
light chain (Wrlghtetal., Proc. Natl. Acal. Sci. USA80: 
5699-5703 c10san-. - - 30 

Total RNA was extracted from the 184 myeloma 
cells using standerd methods involving cellular solubl
lization with guariidlnium isothiocyanate (Chirgwln et 
al., Blochem. 18: 5294-5299[19791). Sets of degeO: 
erate oligonucleotfde primers (Figure 1) representing 35 

sequences within framework 1 of the murine kappa 
light chain variable region and kappa light chain con-
stant domain, or those within framework 1 of the 
murine lgG2a heavy chain variable region and heavy 
chain constant CH 1 domain were synthesized by 40 

standard phosphoramidite procedures on an Applied 
Biosystem 381A DNA synthesizer. Removal of the 
oligodeoxynucleotides (oligos) from the resin was 
accomplished by treatment with concentrated NH40H 
followed by desalting on a NAP-5 column (Phannacia) 45 

with H20 elution (when the oligos were <45 bases in 
length), or by use of an OPC column (Applied Biosys-
tems Inc) with 20% acetonltrile elution (when the 
ollgos were >45 bases in length), as recommended by 
the manufacturers. Total RNA (2µg) was reversed so 
transcribed for 30' at 42°C using Moloney MLV 
reverse transcriptase (200 units, BRL) and 10 pmoles 
of the constant region complementary strand primers 
representing either heavy or light chain in a buffer 
(final volume of 20 µI) containing 50 mM Tris HCI, pH 55 

8.3, 75 mM KCI, 3 mM MgClz, 10 mM on, and 20 
unlls of RNAsin (Pharmacia). The reverse transcrip,-
tase was heat inactivated (95°C, 5') and the reactions 
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were made to contain In 100 µI of PCR buffer (10 mM 
Tris HCI, pH 8.3, 50 mM KCI, 1.5 mM MgCl2, 0.01% 
gelatin, 200 µMeach dNTP), 50 pmoles of each of the 
paired primers, and 2.5 units ofTaq polymerase (Per
kin Elmer/Cetus). Polymerase chain reaction (PCR) 
amplification was carried out essentially as described 
by Saiki et al., Science 230: 1350-1354 (1985) and 
others (Mullis et al., Cold Srping Harbor Symp. Quant 
Biol. 51 : 263-273{19861, Dawasaki and Wang, PCR 
Technology, Princples and Applications for DNA 
Amplification, Erlich, Ed., Stockton Press, NY, pp. 89-
97(1989], Tung et at., ibid. pp. 99-104(19891). Forty 
five cycles of amplification by a DNA Thennal Cycler 
(Perkin Elmer Cetus Instruments) (2', 94°C ;2', 55°C; 
2' 72°C) were followed by gel purification of the anti
cipated 400+ base pair (bp) DNA fragments (Figure 
2). Prior to subcloning the ONAs Into a blunt-ended 
intermediate plasmid (pSP72, Promega) they were 
terminally phosphorylated using T4 polynucleoUde 
kinase (Boehringer Mannheim). Frozen competent E
.coli were thawed on Ice and 100 µI aliquots were dis
tributed into wet ice chilled polypropylene tubes. DNA 
{1-10 ng) from the ligation mixture was dispensed with 
aggltation into these tubes and the mixture was Incu
bated on ice was for 30 minutes. The E. coll cells were 
heat-shocked by Incubation at 42° C for 45 seconds, 
then chftled for 2 minutes on ice. Room temperature 
S.O.C. (Hanahan, D., J.Mol. Biol. 166: 55711983]) 
was added and the cultures were shaken at 225 RPM 
at 37° C for 60 minutes. Aliquots of the cultures were 
spread on LB agar plates containing 
100 µg/mL amplcillin and these plates were incubated 
overnight at 37°C to allow for colony growth. 

Multiple clones representing these PCR amplified 
sequences were Isolated fonn DH5 transfonned E.co
!!. plated on LB agar plates containing 50 µg/ml 
ampicillln, grown by described procedures (Maniatis 
et al., Molecular Cloning, A Laboratory Manual, Cold 
Spring Harbor Laboratory, Cold Spring Harbor, NY, 
1982), plasmid DNAs were extracted from the bac
teria using the ONA preparation procedures of Birn
boln and Doly Nucleic Acid Res. 7: 1515 {1979), and 
the double-stranded plasmid DNAs were submitted to 
ONA sequence detenninations using Sequenase® 
(United States Biochemicals) and T7 and SP6 speci
fic sequencing primers (Boehringer Mannheim) using 
the protocols recommended by the manufacturer. A 
unique ONA sequence representing a murine lgG2a 
heavy chain variable region was obtained, but two 
kappa light chain variable regions were represented 
within the cloned population (Figure 3). To dlsUngulsh 
which sequence belonged to the 184 MAb, the 184 
MAb was reduced with OTT and purified light chains 
were subjected to N-tenninal amino acid sequencing 
using the Applied Biosystems 477A sequencer. 
Although stretches of amino acid residues were Iden
tical to the mMAb 184 observed within the 184 llght 
chain-1 sequence predicted from the cONA, 1B4 llght 
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chain -2 (Figure 25) was deemed to be the actual 
sequence of the MAb 184 llght chain. This Is consis
tent with the detennlned DNA sequence of the light 
chaln-1 molecule (Figure 24) which suggests It repre-
sents a murlne kappa light chain variable region of 6 

subgroup Ill containing a mutation In the CDR3/FR4 
region whose consequence is peptide chain termi
nation. 

Replacement of the human REI variable region 
CDRs with those unique to MAb 184 took place as fol- . 10 

lows. The REI framework (obtained as the RF fonn of 
the M13 vector M13VKPCR1, Orlandi et al., Proc. 
Nau. Acad. Sci. USA 86: 3833 (1989), .with Its signal 
peptide leader and intronlc sequences, was sub-
cloned Into the Intermediate vector pGEM32 (Prom- 1s 
ega), as was the NEW or NEWM heavy chain variable 
region framework (obtained In the form of the M13 
vector M13VHPCR1, Orlandi et al., supra). Eight 
ollgodeoxynucleotides (Figure 4) were synthesized 
representing the primers necessary to generate by 20 

PCR amplification four DNA fragments. Incorporated 
Into all but the terminal oligodeoxynucleotides were 
those sequences corresponding to the mMAb 184 
light chain CDRs and at least 15 bases of 5'-terminal 
complementarity (see Figure 5). The appropriate 25 

primer pair (50 pmole each) was combined with 10 ng 
of REI framework-containing plasmid DNA, 2.5 units 
of Taq DNA polymerase, PCR reaction components 
and buffer, and thirty (30) cycles of PCR amplification 
ensued (cycle periods, as above). The products of the 30 

four reactions, purified by agarose gel 
electrophoresis, were combined (10 ng of each DNA 
fragment) along.with a terminal oligodeoxynucleotlde 
primer pair (amplffler) (Figure 4), Taq DNA polymer-
ase, PCR reaction components and buffer, and the 35 

subsequent recombined fragments were amplified, as 
described above, for thirty cycles (see Figure 5). Fol
lowing restriction endonuclease digestion with Hindlll 
and Xbal the amplified DNA was purified from an 
agarose gel and subcloned into these same sites of 40 

an Intermediate vector pSP72 (Promega) which con
tained the human kappa light chain constant region, 
obtained as follows. DNA (1 µg) purified from a human 
B cell line (GM01018A; NIGMS Human Genetic Mut-
ant Ceo Repository, Institute for Medical Research, 45 

Camden, N.J. 08103) was used as a template for the 
ollgodeoxynucleotlde primers described In Figure 7 to 
PCR amplify a 920 base pair fragment containing the 
splice acceptor for the human kappa llght chain con~ 
stantdomaln, the exon and a portion of Its 3'-untrans- so 
lated region (PCR primer pair choice was selected 
based on the kappa constant region sequence des
cribed by Hieter et al., CeD 22: 197-207[1980D. The 
PCR product was purified by agarose gel 
electrophoresis, digested with BamH1 endonuclease, 65 

and subcloned Into pSP72 (Promega) previously 
llnearlzed with BamH1. 

The Individual clones (p8982) representing the 
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pSP72 intermediate vector containing both the 184 
grafted light chain variable region derived from REI 
and the human kappa constant region derived by PCR 
amplification of human DNA were used to verify the 
DNA sequence of the grafted light chain variable reg
ion. The chimaeric heavy chain portion of the recom
binant antibody was derived from the murine 184 
heavy chain variable region fused to the human con
stant region of gamma 4 subtype obtained from a 
lambda library constructed by Flanagan and Rabbitts, 
Nature 300: 709-713 (1982). 

The variable region of the chimaeric heavy chain 
was constructed from three DNA fragments repre
senting a signal sequence, a portion of the murine 
184 heavy chain variable region, and an lntronic 
sequence (Figure 8). Oligodeoxynucleotlde primer 
pairs (Figure 9) were synthesized representing the 
primers necessary to generate by PCR amplification 
these three ONA fragments from 10 ng of plasmid 
DNA template containing either the NEW heavy chain 
variable region (M13VHPCR1) or a pSP72 inter
mediate vector containing the lgG 2a heavy chain reg
Ion previously used to detennine the murlne 184 CDR 
sequence. Amplification of the 225 bp signal frag
ment, 350 bp variable region fragment, and 230 bp ln
tron-containing fragment was performed as described 
above. The agarose gel purified products were com
bined (1 O ng of each product) with terminal primer 
pairs (Figure 9) and the PCR-generated In. vitro 
recombined template was amplified using the stan
dard procedure described above for recombining the 
fragments comprising the 184 grafted REI light chain 
variable region. Prior to subcloning into a Bglll and 
BamHI digested intermediate vector (pSP72) (Prom
ega) this recombined product was slmilar1y digested 
and agarose gel purified. DNA was obtained following 
growth of individual bacterial clones and submitted to 
DNA sequence determination using Sequenase® 
and T7 and SP6 specific sequendng primers in order 
to verify the sequence of the reconstructed variable 
region and its flanking domains. 

The gamma 4 heavy chain constant region was 
subcloned as a 6.7 Kb Hindlll fragment derived from 
the plasmid pATB4 {Flanagan and Rabbitts, supra) 
into the Hind Ill site of the intermediate vector pSP72 
(Promega). This plasmid (p8947) was then used as 
the template DNA from which a shortened version of 
the gamma 4 constant region was obtained using the 
standard PCR amplification procedures described 
above and the primer pairs indicated in Figure 7. 
Eukaryotic expression vectors were constructed as 
described below such that the heavy chain lmmunog
lobulln molecule was transribed from a plasmid carry
ing the neomycin (G418) (Rothstein and Reznikoff, 
Cell 23: 191-199[1981]) resistance marker, while the 
light chain lmmunoglobulin was transcribed from .a 
plasmid carrying the hygromycln B resistance marker 
(Gritz and Davies, Gene 25 : 179-1 B8[1983J). With the 
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exception of the drug resistance portion of these plas
mids they are identical. 

The progenitor of the immunoglobulin expression 
vectors was the pD5 eulcaryotic expression vector 
(Berkner and Sharp, Nucl. Acids Res. 13: 841- 5 

857[1985]) which contained the origin of adenovlrus 
replication, the SV40 enhancer domain, the adenovi-
rus major late promoter, the adenovirus 2 tripartite 
leader, a 5' splice donor from the adenovirus third 
leader and a 3' splice acceptor derived from an 10 

immunoglobulin locus, a multiple cloning site, and the 
SV40 late polyadenylatlon signal (Figure 10). The ori-
gin of replication was removed by digestion with Eco 
R1 and Kpnl and replaced by two fragments repre-
senting the neo selectable marker gene (derived from 15 

plasmid pCMVIE-AK1-DHFR (SHbertdang et al., Mod-
em Approaches to Animal Cell Technology, Ed. Spier 
et al., Butterworth, U.K., [1987]) as an Eco R1/Bam H1 
1.8 Kb fragment) and the lg heavy chain enhancer 
(obtained as a PCR amplified fragment using stan- 20 

dard procedures described above and human DNA as 
the template ; the oligonucleotide primer pair Is listed 
in Figure 7) following its digestion with Bgl II and Kpn 
I. The resultant expression vector was found to lack a 
small portion of the TK promoter responsible for the 25 
transcription of the neomycin gene. This was replaced 
by Insertion Into the EcoRI site of a 0.14 kb PCR 
amplified fragment derived from the CMVIE-AK1-
DHFR DNA using the primer pair also listed In Figure 
7. The resultant heavy chain expression vector was 30 

subsequently modified by removal of the indicated 
Hlndlll and Xbal sites. To convert this neomycin 
selectable vector '(p8941) into one expressing the 
hygromycin B selectable marker (p8942) (Figure 10) 
the neomycin-resistance cassette was removed by 35 

digestion first with Ec;o R1 foliowed by DNA polyme
rase-directed fill in of the 5' overhang. then subse
quent Sall digestion. The 1.9 kb hygromycin B 
expression cassette [TK promoter and TK polyadeny-
latlon signal ftanklng the hygromycin B gene obtained 40 

from Gritz and Davies, Gene 25: 179-188 (1983), as 
the 1.9 kb BamH1 fragment in plasmid (pLG90)) was 
removed from the plasmid pAL-2 by Barn H1 digestion 
and subcloned into the·BamH1 site of the intennediate 
vector pSP72 (Promega). The hygromycin B cassette 45 

was removed from this vector by digestion with Smal 
and Sall and planed into the expression vector 
linearized as described above to create a blunt end 
and Sall end DNA fragment 

Expression of the 184 CDR-grafted kappa light so 
chain was accomplished by transferring this cistron 
from Its position within the pSP72 intermediate vector 
to the hygromycin B selectable eukaryotic expression 
vector (Figure 18). A 1.5 kb DNA fragment resulting 
from lhe endonuclease digestion of p8952 with Spel 55 

and Clal was purified by agarose gel electrophoresis 
and ligated Into the expression vector (p8942) which 
had previously been linearized, by digestion with the 

14 

same two restriction enzymes and agarose gel puri
fied. 

The heavy chain eukaryotic expression vector 
(p8958) was constructed in two steps (Figure 11). 
First, p8949 containing the modified heavy chain vari
able region of murine 1 B4 was digested with Bgl II and 
8am H1. The agarose gel purified 0.8 kb fragment 
was ligated Into the BamH1 site of the p8941 vector 
and recomblnants containing this fragment in the pro
per orientation were identified. One such plasmid was 
linearized by BamH1 digestion and ligated with the 
1.8 Kb BamH1 fragment representing a short version 
of the human gamma 4 constant region derived from 
plasmid p8947 by PCR amplification as described 
above. Following the Identification of clones contain
ing these inserts in the appropriate orientation plas
mid DNAs were grown (Maniatis et al., supra) and 
purified for transfectlon Into recipient mammalian 
cells (Maniatis et al., supra ; Birbion and Doly, supra. 

Equal amounts (10µg) of the plasmids encoding 
the chimaeric lgG4 heavy chain and the 184 CDR
grfted kappa light chain were transfected by standard 
calcium phosphate precipitation procedures into 
human 293 cells, and the monkey cells COS-7 and 
CV-1P. The culture supernatant fluids were assayed 
by a trapping Elisa (described below} for the secretion 
of a human lgG4/kappa lmmunoglobulln. 

An Bisa was developed for the quantitatlon of the 
amounts of a 184 recombinant antibody expressed In 
conditioned mammalian cell growth medium. lmmu
lon-2 (Dynatech Labs.) 96-well plates are coated 
overnight with a 5 µg/ml solution of mouse antl-huma.n 
kappa chain constant domain monoclonal antibody 
(cat #MC009, The Binding Site, Inc., San Diego, CA) 
in 0.1 M NaHC03 buffer (pH 8.2) at 4° C, and blocked 
with 1% bovine serum (BSA) In 0.1 M NaHC03 for 1 
h at 25° C. After this and all subsequent steps, wash
ing was perfomed with phosphate buffered saline ' 
(PBS). The weUs are then inoculated with conditioned 
medium containing recombinant antl-CD18 antibody, 
or with predetemnined quantities of human lgG4/kap
pa purified by protein A Sepharose (Phannacia Fine 
Chemicals} chromatography from human lgG4 
myeloma serum (cal# BP026,The Binding Site, Inc.) 
All samples are diluted In PBS containing 0.05% 
Tween-20. 100 µI aliquots are incubated for 1 h at 37° 
C in triplicate, and standard calibration curves are 
constructed using lgG4 concentrations ranging from 
10 ng/ml to 100 ng/ml. Bound and fully assembled 
human lgG4 (either native or recombinant 184-hu
man lgG4 constructs) is detected with 100 pl aliquots 
of a 1 :500 dilution of mouse anti-human lgG4 Fe 
monoclonal antibody conjugated to alkaline phos
phatase (cat #05-3822, Zymed Laboratories, Inc.) In 
phosphate buffered saline (PBS) containing 1 % BSA. 
After Incubation for 1 h at 37°C and subsequent wash
ing, the quantities of bound conjugate are detected by 
Incubating all samples with a 1 mg/ml solution of p-ni-
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trophenyl phosphate In 0. 1 M 2,2' amlno-methyl-pro
panediol buffer, pH 10.3, for 30 min at 25°C. The 
adsorbance of the wells is detennined with a W Max 
ELISA plate reader {Molecular Devices) set at 405 
nm. All supernatant fluids from the transfected cells 
are found to contain this lmmunoglobulln, though in 
various amounts (Figure 12). The antibody secreted 
by the transfected 293 cells is concentrated by protein 
A chromatography and the concentrations of the 
recombinant human anti-C018 antibodies deter
mined by the trapping Elisa described above, are 
used to compete with the binding of radlolabeled 
murlne 1B4 to the C018 ligand on the surface of acti
vated human PMNs. Affinities of various r-h-antl
CD18 antibody constructs are detennined using a 
competitive 1251-184 soluble binding assay with stimu
lated human polymorphonuclear leukocytes (PMNs). 
Purified murine anti-CD18 monoclonal antibody (50 
µg) Is iodinated using chloramine-T (Hunter, W.M. 
and Greenwood, F.C., Nature 194: 495-496, 1962), 
and the radlolabeled antibody purified using a Bio-Sil 
TSK250 (Biorad, Richmond, CA) gel filtration HPLC 
column (which fractlonates proteins in the range of 1-
300 x 103 daltons) equilibrated in 0.1 M phosphate 
buffer, pH 7.0. Effluent radioactivity is monitored with 
an In-line detector (Beckman Model 170 ; Beckman, 
Fullerton,CA) and total protein measured at 00280 
with a Kratos Spectroflow 757 detector {Kratos, 
Mahwah, N.J.). A single 12&1-194 peak composed of 
coincident 0~80 and radioactivity tracings charac
teristically elutes 6 minutes, 30 seconds following 
sample Injection. Specific activity of the product Is 
generally about 1P µCl/µg protein, and 97-99% of the 
counts are precipitable with 10% trichloroacetic acid. 
The binding of this radlolabeled antibody is assessed 
on human PMNs purified on a discontinuous 
Flcoll/Hypaque gradient (English and Anderson. J. 
lmmunol. Methods 5: 249-255, 1974) and activated 
with 100 mg/ml phorbol myristate for 20 minutes at 
37°C {Lo et al., J. Exp. Med. 169 : 1779-1793, 1989). 
To determine the avidity ofantlbodies for CD18 
molecules on the PMN surface, about 1 x 105 acti
vated PMNs are incubated in a buffer such as Hanks 
balanced salt solution containing 20 mM Hepes (pH 
7.2), 0.14 units aprotinin {Sigma Chemical Co.) and 
2% human serum albumin (binding buffer) containing 
1.3 ng 1251-194 (2.8 x 10-11 M) in the presence of 
Increasing concentrations of unlabeled 1 B4 antibody 
(10-7 to 10 -1s M) in a 300 µI reaction volume for 1 h 
at 4°C with constant agitation. Cell bound 1B4 was 
separated from the unbound antibody by centrifu
gation through a 0.5M sucrose cushion (4,800 x g, 3 

-minutes} ; the tubes are frozen on dry Ice, and the tips 
cut off and counted with an LKB gamma counter. The 
1 C50 of the antl-CD18 antibody for the Inhibition of 1251_ 

184 antibody binding Is calculated using a four par
ameter fitter program (Rodbard, Munson, and 
Oelean, In •Radlolmmunoassay and Related Proced-

ures In Medicine", International Atomic Energy 
Agency, Vienna, vol I, 469 - 504, 1978). The affinity 
of the various r-h-anti-CD18 antibodies for the CD18 
ligand is detemnined in a similar manner using murine 

s 125J-1B4 antibody and increasing quantities, as deter
mined by the trapping Bisa, of unlabeled r-h-antlCD 
18. The results of the binding assays are shown In Fig
ure 13 and indicate that the avidity of the chimeric 
heavy chain/grafted light chain recombinant 1 B4 antl-

10 body (circles) Is approximately that of the murine 1 B4 
monoclonal antibody (diamonds). 

EXAMPLE2 

15 Preparation of Fully Grafted Recombinant Human 
lgG4 Antibodies 

This example shows the production of recombin
ant human lgG4 antibodies, whose variable domains 

20 contain the COR residues of the murine monoclonal 
antibody 1B4. The construction of the CDR-grafted 
light chain framework derived from the human sequ
ence of REI fused with a human kappa light chain con
stant region was described In the preceding example 

25 (Example 1). 
The 184-specific heavy chain component of the 

recombinant antibody was constructed from the lgG4 
_ heavy chain constant region, described in Example 1, 
fused to a pre-selected human heavy chain variable 

30 region framework sequence Into which the 1 B4 CDR 
residues were transplanted. The murine 1B4 MAb 
m184 heavy chain was flf'St analyzed to determine the 
precise position of the CDR sequences. These were 
determined by visual comparisons with the data sets 

35 found In Kabat, Wu, Reld-Mlller, Peny, and Gottes
man, Sequences of proteins of Immunological inter
est. (US Dept Health and Human Services, Bethesda, 
MD. 1987). Once the boundaries of the CDRs were 
determined these sequences were removed to leave 

40 the murine FRs alone. This sequence was then used 
to query the human immunoglobin database which 
was mainly derived from release 22 of the PIR datab
ase (George et al., Nucl. Acids Res. 14: 11-16 
(1986)). The sequence search was perfonned using 

45 the Profile search system of the GCG sequence 
analysis package (Devereux et al., Nuc. Acids Res. 
12: 387-395(1984]). The mabix used for similarity 
comparisons was the Dayhoff evolutionary distance 
matrix (R. M. Schwartz, M. 0. Dayhoff, in Atlas of Pro-

50 tein sequence and structure M. 0. Dayhoff, Eds. 
(National Biomedical Research Foundation, 
Washington, DC, 1979)). Additionally, the Risler 
structural distance matrix (Risler et al., J. Mol. Biol. 
204: 1019-1029[1988D was used to generate the -

55 murine sequence profile, and the results of searches 
with this query were considered with those generated 
using the Dayhoff matrix. Use of the profile searching 
system also allowed the weighting of specific residues 

15 

BIOEPIS EX. 1002 
Page 2175



. 27 EP O 438 310 A1 28 

within the murine FR that were deemed important 
based on various criteria. The sequences that 
repeatedly showed the highest levels of sequence 
similarity in the database queries were then analyzed 
using a pairwise comparison to the FRs of murine s 
184. The program Gap of the GCG package was used 
for this analysis, because it produces an exact meas-
ure of both the sequence similarity and identity shared 
between two sequences. This method was used to 
seled the human sequences Gal and Jon, which 10 

shared a similarity of 85% and 88% and identities of 
79% and 75% with murlne 184, respectively (Figure 
14). To prepare a recombinant DNA representing the 
184 heavy chain CDRs within each of these 
frameworks the following procedures were perfor- 15 

med. 
Two sets of four long oligonucleotides were syn

thesized. When each set was combined, they 
encoded that portion of heavy chain corresponding to 
the murine 1 B4 variable region present in the 20 

chlmaeric heavy chain expressed in Example I. The 
four oligonucleotides of each set (Figure 15, Figure 
16), 1 pmole of each, were combined in a standard 
PCR reaction with 2.5 units of Taq polymerase and 50 
pmoles of each terminal amplifying oligodesoxynuc- 25 

leotlde (Figure 15, Figure 16). By virtue of the com
plemantaiy ends of the single-stranded 
oligonucleotides, the polymerization-denaturation
polymerizatlon cycles of the polymerase chain reac-
tion result in the formalion, and subsequent 30 

amplification, of the combined sequences. Following 
25 cycles of amplification the combined 0.4 Kb frag-
ment was electroptforetically purified and extracted 
from an agarose gel. In parallel, two DNA fragments 
representing amino terminal sequences encoding the 35 

signal peptide and carboxy terminal sequences 
encoding framework 4, splice donor, and intronic 
sequences were amplified using oligodeoxynuc
leotide primer pairs (Figure 15) and the M13VHPCR1 
plasmid DNA template described in example I. These 40 

two ONA fragments were purified by agarose gel 
electrophoresis, as above, and 10 ng of each was 
combined with 10 ng of the amplified variable region 
fragment, 2.5 units of Taq polymerase, 50 pmoles of 
tenninal primers (Figure 15) and the mixture was 45 

amplified by 25 cycles of PCR. The resultant 0.8 Kb 
fragment was digested with restrldion enzymes Spe 
I and BamH1 (Gal) and Hind Ill and 8am H1 (Jon). Fol
lowing agarose gel electrophoresis, the purified DNA 
fragment was ligated Into the heavy chain expression so 
vector, p8958, In place of the chimaerlc variable reg
lon.(Figure 11). In this way, two unique heavy chain 
frameworks containing grafted 184 CDRs (184/Jon 
and 184/Gal) were constructed. Each fully grafted 
heavy chain expression vector plasmid was co- 65 

transfected with the fully grafted 184/REI fight chain 
expression vector (Example 1) plasmid into 293 cells 
and the antibody present in conditioned medium was 

16 

isolated by protein A chromatography. The recombin
ant humanized 184 (h184) avidity of these two anti
bodies for the CD18 ligand displayed on the surface 
of activated human PMNs was compared with that of 
the chimaeric/grafted antibody described In Example 
I. Figure 20 shows that although each hetero-dimeric 
antibody contains the same set of six CORs, they do 
not exhibit Identical avidity for the ligand. Thus, the 
biological properties of an antibody molecule (le., its 
avidity) rely significanUy on the variable region 
framework structure which support the COR loops. 

To detennine the relative contribution of the light 
chain variable region to the enhanced avidity of the 
Gal/REI grafted hetero-dimer a second light chain 
framework was constructed containing the 1 B4 CCR 
sequences. The light chain framework Len was Iden
tified as a donor framework sequence based upon Its 
seledion from the database. Len was Identified by 
using the murlne 184 light chain framework sequ
ence, with CDRs removed based upon visual ldentlfl. 
cation of the CDRs when compared to Kabat (supra), 
to query the human immunoglobin database. The 
methodology of the query was slmHar to that des
cribed for the heavy chain FRs. Len was shown, by 
Gap analysis, to be go% similar and 81% Identical to 
the murine 184 llght chain FR Len was thought to be 
a better choice for grafting of the light chain CDRs 
than REI, based on its higher levels of both similarity 
and Identity to 1B4 as compared to REI (82% simil
arity and 65% identity) (see Figure 14). A set of five 
long ollgodeoxynucleotides (Figure 21} representing 
the Len light chain framework with 184 specific CDR 
sequences and intronic sequences were synthesized 
using 2.5 units of Taq polymerase and 50 p moles of 
each terminal amplifying ollgodeoxynucleotlde primer 
and combined by PCR, as described above for the 
Jon and Gal frameworks (Figure 22). Following 25 
cycles of amplification the combined 0.6 kb DNA frag
ment was purified by agarose gel electrophoresis. In 
parallel, a DNA fragment representing the amino-ter
minal signal peptide was amplified using a 
oligodeoxynucleotide primer pair (Figure 21) and the 
M13VHPCR1 plasmid DNA template, as described in 
Example 1. This fragment was also purified by agar
ose gel electrophoresis. These two DNA fragments 
are placed together, 1 O ng of each, with 2.5 units of 
Taq polymerase, 50 p moles of terminal 
oligodeoxynucleotide primers (Figure 21) and the 
entire mixture Is subjeded to 25 cycles of PCR ampli
fication. The resultant 0.8 kb DNA fragment is diges
ted with restriction enzymes Spe I and Xba I, purified 
following agarose gel electrophoresis, and ligated Into 
the pSP72/REI 184 Intermediate vector which Is 
digested with the same two restriction enzymes and 
electrophoretlcally purified from Its liberated RB/184 
variable region containing DNA fragment (see Agure 
23). The combined light chain variable region and 
kappa constant . region within a sequence verified 
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clone (p8967) Is excised by digestion with restriction 
enzymes Spe I and Cla I and this 1.5 kb agarose gel 
electrophoretlcally purified ONA fragment Is cloned 
Into the light chain expression vector p8953, after this 
latter plasmid is electrophoretlcally purified from Its 5 

REl/1 B4/kappa light chain insert following digestion 
with both Spe I and Cla I restriction enzymes. The fully 
CCR-grafted Gal/1 B4 heavy chain expression vector 
and the fully CDR-grafted Len/184 or REl/184 light 
chain expression vector DNAs (10 ug each) are co- 10 

transfected Into 293 cells and the antibody present In 
conditioned medium 48 hours later Is Isolated by pro-
tein A Sepharose chromatography. The avidity of 
these two recombinant antibodies for the CD18 ligand 
present on the surface of activated human PMNs Is 15 

detennlned and compared to that of the murlne 184 
MAb (Figure 20). The differences between the two 
humanized 1B4 recombinant antibodies for the 
ligand, as measured by their ICso&, revealed that a 
compalrson of p values between Gal/Rei and Gal/Len 20 

are statistically significant by the students umpalred t-
test bus the standard deviations of both Mabs overlap 
{see Rgure 20). Thus, although the Len light chain 
variable region framework sequences, relative to the 
REI light chain frameworks, show more identical resi- 25 

dues and more slmDar residues when allgned to the 
murlne 184 frameworks, this has little, if any, impact 
on the antibody/antigen interactions measured by avi-
dity. Comparison of the presumed three dimensional 
structure of these two light chain variable regions (REI 30 

and Len) Indicates that the alpha carbon trace of the 
184 CDRs residing within these frameworks are 
superlmposable, again suggesting that the both 
frameworks Identically support the CDRs In space. 
Does the 184 heavy chain variable region play a gre- 35 

ater role In avidity of the antibody for Its ligand? To 
address this question, and also to investigate the role 
of a small ·number of heavy chain variable region 
framework sequences, modifications of the Gal/184 
fully grafted molecule are performed. 40 

Three residues within the heavy chain variable 
region of Gal/184 are chosen to mutate such that they 
become Identical to their counterparts in the murine 
184 framework (see Figure 14). To accomplish the 
mutation of three well separated residues simul- 45 

taneously the following procedures are performed. 
Four ollgodeoxYnucleotide primer pairs (Figure 26) 
are synthesized which incorporate the deoxynuc
leotlde alterations necessary to mutate the amino acid 
residues located In FR 1, FR2, and FR4 of the Gal/1 84 so 
DNA template. In this Instance, the polymerase chain 
reactions needed to produce four overlapping DNA 
framents were amplified In such a way as to generate · 
prlman1y single-stranded ONAs representing the out-
side two DNA framents, while the Inside two DNA frag. 55 

ments are amplified so as to produce double-stranded 
DNAs. This approach of combining four amplified 
DNAs Is facilitated by the above modification and, 

17 

when combined with the use of terminal amplifying 
oligodeoxynucleotide primers which are unique to 
residues found only in the outside amplified DNA frag
ments, remove the need to purify the PCR products 
between the first and second round of amplification. 
Thus, asymmetric PCR Is used to amplify the two ter
minal DNA fragments. Combined Into the standard 
PCR amplification reactions are 50 p moles of primer 
#S1 and 0.5 p moles of primer #G2 (Figure 26) or 50 
p moles of primer #12 and 0.5 p moles of primer #G2 
(Figure 26) and the Gal/1 B4 containing plasmid DNA 
template (10 ng/reaction), 2.5 units of Taq polymer
ase, and the remaining standard reaction compo
nents. The two Internal DNA fragments are amplified 
using the standard procedures which include the pre
sence of 50 p moles of each of the oligodeoxYnuc
leotide primers, 2.5 units of Taq polymerase, and the 
same template DNA and reaction components des
cribed above. Following 25 cycles of ampllfication (as 
described previously} the reactions are made to con
tain 1 ml of ~o. and each is placed in a Cenlrlcon 100 
cartridge (Amicon, Danvers, MA), centrifuged for 30 
minutes at 3500 x g, at 4° C, and the retentate is 
resuspended In another 1 ml of H20 and the centrifu
gation is repeated. The final retentate is resuspended 
in 100 µJ of H20. Each of the four reaction products is 
combined (1 µI of each of the retained DNA solutions), 
the standard components are added, 2.5 units of Taq 
polymerase, and 50 p moles of the PCR recombi
nation amplifying primers (Figure 26), and the reac-
tion is cycled 25 times. The resultant 0.8 kb DNA 
fragment Is phenol extracted, concentrated by 
ethanol precipitation, and digested with Spe I and 
Barn H1 restriction enzymes. Following purification of 
this 0.8 kb DNA fragment by agarose gel 
electrophoresis it is cloned Into the heavy chain exp
ression vector p8958, after this latter plasmid is 
electrophoretlcally purified from its Gal/184 heavy 
chain variable region insert liberated by digestion with 
both Spe I and Barn H1 restriction enzymes. The fully 
CDR-grafted Gal-m1/1B4 heavy chain expression 
plasmid DNA is co-transfected (10 ug of each DNA) 
with the fully CDR-grafted REl/1 B4 light chain expres
sion plasmid DNA or the fully CDR-grafted Len/1 B4 
light chain expression plasmid DNA into 293 cells. 
The resultant antibodies present in the conditioned 
medium 48 hours later are isolated by protein A 
sepharose chromatography and subjected to avidity 
measurements. Independent of the origin of the light 
chain variable region framework, the measured avi
d lty for CD18 on the surface of activatived human 
PMNs of the two antibodies is nearly Identical. Again 
the role of the light chain variable region frameworks 
seems to be minimal. The avidity of the mutated Gal 
frameworl< (mutated Gal/Rei, Figure 20) Is signlfic-
antly Improved relative to the non-mutated Gal heavy 
chain framework (Gal/Rei in Rgure 20) and its avidity 
Is nearly equivalent to that of native m184 (Figure 20). 
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It is concluded that one or more of the three residues 
mutated contributes to the display of the CORs (anti
gen binding sites), thus proper framework choice Is 
critical for optimal humanization of recombinant anti-
bodies. Indeed, it appears that the framework closest 5 

to the CDRs dictates the final structural arrangement 
of the CDRs and thus the abnity to bind antigen. 
Additional comparisons of the heavy chain 
frameworks reveal major differences between those 
of New and Jon or Gal when the packing residues are 10 

examined (Figure 14). Packing residues as used 
herein is defined as Internal or non-surface exposed 
residues of the structure that may be involved In 
lntrastrand or interstrand forces. These packing resi-
dues are associated with the framework regions adja- 15 

cent to the CORs and are involved in the proper 
orientation of the CDRs for interaction with the subst-
ance that Induced the antibody formation. Only 27 
of41 lntemal residues of New match the correspond-
ing residues in the murine 184 framework. This is con- 20 

trasted to the match of 38 of 41 residues by the human 
Gal framework. The localization of the region of great-
est variation to those residues ending framework 2 
may explain the differences between the Gal and Jon 
supported antibodies. This region of framework 2 is 25 

where these two differ and where Gal-M1 differs from 
Gal. 

EXAMPLE3 

Enhanced Expression Systems 

This example · -shows expression systems 
employed to produce large quantities of recombinant 

30 

CDR-grafted 184 antibodies as discussed In Example 35 

· 2. The first expression system appliCable to many 
mammalian cells utilizes the extrachromosomal 
characteristics of ESNA- 1 /oriP based DNA plasmids 
(Yates etal., Nature: 313: 812, 1985). Such a vector, 
pREP3 descnbed by Hambor et al. (Proc. Natl. Acad. 40 

Sci. USA 85: 4010, 1988), containing the hygromycin 
B selection cassette and the Rous Sarcoma Virus 
(RSV) L TR for transcription of the gene of interest was 
modified as disclosed. The RSV L TR, as well as the 
poly A addition signal, was removed by digestion of 45 

the pREP3 plasmid DNA with Sal I and Xba I followed 
by agarose gel purification of the 9.02 Kb promoter-
less fragment DNA from plasmid pD5mcs (see Figure 
10), containing the adenovirus major late promoter, a 
multi-cloning site, and SV40 poly A addition signal so 
was used as the template for the PCR amplification of 
those sequences beginning with the SV40 enhancer 
and ending with the SV40 poly A addition signal. In the 
process of amplification Xba I and Sal I restriction 
enzyme sites were appended to the product ends by 55 

their incorporation into the synthetic PCR 
oligodeoxynucleotlde primers. The expected 1.26 Kb 
PCR amplified product was agarose gel purified fol-

18 

lowing Its digestion with Xba I and Sal I restriction 
enzymes and ligated into the 9.02 Kb EBNA/oriP 
backbone vector. The resultant plasmid (p8914) con
stitutes a versatile mammalian expression vector Into 
which can be ligated either the heavy chain or light 
chain expression cassette contained within plasmid 
p8958 (see Figure 19) or p8953 (see Figure 6), re
spectively. The p8914 plasmid was also the template 
for the HIVL TR promoter version of the EBNA/orlP 
backbone vector. In order to switch to the HIVLTR 
promoter the p8914 plasmid DNA was digested with 
Barn H1 and Xba 1. The 9.35 Kb promoterless back
bone was purified by agarose gel electrophoresis. 
The HIVLTR promoter, from residue -117 to +80 (as 
found in the vector pCD23 containing this portion of 
the HIV-1 LTR; (Cullen, Cell 46: 973(19861} was 
PCR amplified from the plasmid pCD23 using 
ollgodeoxynucleotide primers which appended to the 
ends of the product the Spe I and Bel I restriction sites. 
Following the digestion of the resulting 0.24 Kb PCR 
product with these latter enzymes the fragment was 
agarose gel purified and ligated Into the 9.35 Kb DNA 
promoterless DNA fragment described above. The 
p8962 plasmid so constructed was also the recipient 
of the heavy and light chain cassette (Figure 37). To 
accomplish this the p8962 plasmid DNA was digested 
within its multicloning site with Not I and Xba I so as 
to linearize the DNA The 9.5 Kb linearized expression 
vector DNA was ligated to either the 2.5 Kb heavy 
chain cassette obtained by agarose gel purification of 
Not I and Spe I digested p89SO DNA or the 1.5 Kb light 
chain cassette obtained similarly following digestion 
of p8953 DNA with Not I and Spe I. These constructed 
EBNA/orlP based expression vectors,p8969 and 
p8968, (Figure 38) were co-transfected into CV1 P 
cells (monkey kidney cells ; Figge et al., Cell 52 : 
713(1988]) which constitutively express the HIV-1 
TAT protein by virtue of having previously been trans
fected with the plasmid pML TAT (Siekevitz et al., Sci
ence 238: 1575(1987]). The cell clones which arose 
in OMEM medium containing 10% heat Inactivated 
newf born calf serum, 200 µg/mL of G418, and100 
µg/ml of hygromycin 8 were picked using cloning 
cylinders (Fishney, In, Culture of Animal Cells, Alan R. 
Liss, Inc. New York, 1983) and expanded Individually. 
Clones were screened for the secretion of.recombin
ant antibody using the ELISA assay previously des
cribed. Multiple cell clones were expanded and their 
antibody secretion levels were detennlned to be In 
ther range of 75 ng - 2 119 of antibody per 96 hours of 
medium conditioning of 6 well plate cultures. The 
most productive of these clones was eventually adap
ted to growth on mlcrocarriers (cyledex 3 and cultis
phere GL) and produced approximately 1 OD mg/L of 
recombinant antibody each 3 day harvest In serum
free medium at a cell density of 1-2 x 10' cells per ml. 
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EXAMPLE4 

In Vitro Activity Of Recombinant Human Antl-CD18 
Antibodies 

To Increase the precision of avidity detennl
natlons, the IB4 competitive binding assay of 
Example 2 was modified as follows. Both ml84 (50 
J'S) or hl84 (from Example 3) were Iodinated using 
chloramlne-T, and the radiolabeled lgG purified over 
a Bio-Sil TSK250 (Biorad) gel filtration HPLC column 
that fractlonates proteins in the range of 5-300 x 103 
daltons. Effluent radioactivity was monitored with a 
Beckman #170 In-line gamma counter(Beckman, Ful
lerton, CA), the total protein was detected by absorb
ance at 280 nm with a Kratos Spectroflow 757 
detector (Kratos, Mahwah, NJ), and the column was 
equRlbrated with 0.1 M phosphate buffer (pH 7.0). A 
single symmetrical peak of coincident absorbance 
and radioactivity tracings was routinely observed at 6 
min. 30 sec. following sample injection (the retention 
time characteristic of lgG In this system). Specific 
activity of the product was usually 10 mCl/mg for 
m184 or 70mCl/mg for h1 B4 ; 96-98% of the counts 
were trichloroacetic acld-preclpltable In either case. 
SOS-PAGE and autoradiography of 1251 labeled anti
body showed that 184 remained Intact following 
radlolabellng. Using these radio-labeled probes, a 
competitive t26J-184 suspension binding assay was 
established to determine the avidity of m1 84 or r-h
antl-CD18 (h184) for CD18 expressed at the leuko
cyte surface. Human venous blood was collected 
freshly Into heparin (1.0 unit/ml). PMNs were purified 
on a Ficoll/Hypaque gradient and adivated with 100 
ng/ml phorbol myrlstate acetate In Hanks balanced 
salt solution containing 20 mM Hepes (pH 7.2}, 0.14 
units Aprotlnln and 2% human serum albumin (bind
ing buffer) for 20 min at 37°C ; viability was always 
>95% by tryan blue exclusion following PMA acti
vation. After washing with binding buffer, aliquots of 1 
x 105 stimulated PMNs were incubated in about 2-4 x 
10-11 M 12s1-1e4 in the presence of increasing concen
trations of unlabeled murine or humanized 184 (about 
10-111 to 10-7M} In duplicate or triplicate 300 ml 
volumes for 1 hat 4°C with constant agitation. The 
concentrations of purified radio-Iodinated 184 or 
unlabeled antibody added as a competitor were deter
mined by U.V. absorption using an E280 of 1.35 for 
ml84, 1.25 for mutant Gal/REI h184, and 1.30 for all 
other h184 constructs [determined by the fonnula E 
= A(Ecys) + A (Etryp) + A (Etyr) where A= the number 
of residues of each amino acid ; Gill and von Hippel, 
Arial. Biochem., 182: 319-328, 1989; the E280 of 
ml84 and Gal/Rel H184 were also verified by quan
titative amino acid analysis and differential UV spec
troscopy}. After labeltng, the 1251-184 bound to the 
cells was separated from unbound antibody by under
laying each aliquot of PMNs with 250 ul 0.5 M sucrose 

and centrifugation (4,800 x g, 3 min.) ; the tubes were 
frozen on dry ice, and the tips cut off and counted with 
an LKB gamma counter. The quantity of PMN-bound 
1251-184 for each concentration of purified unlabeled 

s competitor lgG was expressed a_s the mean CPM per 
1 x 1 ()5 PMNs (:I: SEM). 1 Cso9 for inhibition of 12&1.184 
binding were calculated using a four parameter prog
ram ("Fitter" ; Rodbard, Munson, and Delean in 
"Radlolmmunoassay and Related Procedures in 

10 Medicine•, International Atomic Energy Agency, 
Vienna; vol I, 469-504, 1978). The results of the bind
Ing assays are illustrated in Figures 13, 20, 28, and 29 
(p values are from Student's unpaired t-test). These 
data indicate that; 1) the avidity of Gal/Rel _h1B4 for 

15 PMN CD18 Is nearly comparable to that of ml84 
(about 2-3 fold weaker) ; 2) the avidities of Jon/Rel 
and New/Rei are still weaker than that of Gal/Rei in a 
rank order that correlates inversely with their degree 
of homology relative to m1B4 frameworks; 3) the avi-

20 dity of Gal/Len is nearly equivalent to the avidity of 
Gal/Rel ; and 4) that mutant Gal/Rei and the demi-chi
meric construct possess affinities apparenUy compar
able to that of native 184. 

Inhibition of PMN attachment to human umbilical 
2s vein endothelial cell (HUVEC) monolayers. 

To reach tissue sites and cause inflammatory 
damage, PMNs must pass out of the bloodstream. 
This transendothelial migration depends on Interac
tion of PMN C018-contalnlng receptors with ligands 

30 on and within the human endothelium. A direct exp
ression of this process is reflected by attachment of 
agonist-treated PMNs to the vascular surface. To 
demonstrate that Gal/Rel h184 Is a prospective anti
inflammatory agent for use in human disease, we 

35 determined whether this construct Inhibits adhesion 
of PMA-stimulated hPMNs to quiescent human 
endothelial cell monolayers. Human umbHical vein 
endothelial cells (HUVECs) were grown In T-75 flasks 
coated with Vitrogen 100 (Collagen Corp., Palo Alto, 

40 CA) diluted 1 :10 with PBS and dried onto the sub
strate. The culture medium was MCOB 107 
supplemented with 15% FCS, 90 mg/ml heparin 
(GIBCO), and 150 mg/ml endothelial mitogen (Biome
dical Technologies, Inc.) ; the cells were incubated in 

45 2.5% CO2 and 97.5% air. Cultures (passages 4-8) 
were dissociated with trypsin/EDT A, and the HUVECs 
seeded Into 96-well microtlter plates (Costar) pre
coated with a 5 µg/ml solution of purified human 

· plasma fibronectln In 0.1M bicarbonate (pH 8.3) ; 
50 these mlcrocultures were used for the attachment 

assay upon reaching confluence. Human PMNs were 
purified from peripheral blood as described above. To 
measure their attachment to the HUVEC monolayers 
by fluorescence microscopy, PMNs were labeled with 

ss the vital fluorescent dye 1', 1'-dioctadecyl-3,3,3',3'
tetramethylindocarbo-cyanine (Dil} (Molecular 
Probes, Inc.). PMNs were incubated in a 25 mg/ml 
sonlcated solution of Oil in binding buffer for 10 min. 

19 
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at 37 °C, washed, and then activated with 50-100 
ng/ml PMA or PDB for 10 min. at 37 °c. (These dil-la
beled PMNs were tested in the competitive 184 bind
ing assay to verify that their CD18 receptors were 
recognized by hl84 ; the ICsoS were within the range s 
expected for unlabeled PMNs). PMN aliquots (in 
quadruplicate) were pretreated with Increasing con
centrations of either Gal/Rei h1B4, m1B4, or the con-
trol Mab OKM-1 (associates with the CD11b 
component of the CR3 receptor but does not Inhibit 10 

ligand binding). Incubation was performed for 15 min. 
at 4 °C with constant agitation; and the cells placed 
into the microwells containing the HUVEC mono
layers (50,000-100,000 PMNsJwell). The PMNs were 
permitted to settle for 5 min. at 4 °C, and then incu- 15 

bated for 15 min at 37 °C to allow firm adhesion to 
occur. Unattached PMNs were removed and the cul-
tures fixed by gentle washing with 1o/o fonnaldehyde 
in PBS (4 washes with an Eppendorf Plus 8 multitip 
pipette). The wells were filled with a solution of 5o/o n- 20 

propyl gallate In glycerol, and the attached PMNs 
counted at 195 x under rhodamine illumination with an 
automated Nikon Diaphot inverted fluorescent micro
scope fitted with an autofocus device. a customized 
motorized stage, and a video camera (Vidicon #8451) 2s 

connected to a Model 3000 Image analyzer (Image 
Technology Corp., Deer Park, NY} and an IBM PCXT 
computer. The mean number of adherent PMNs was 
determined for each concentration of Mab tested (± 
SEM}, and an inhibition curve plus IC60 generated with 3o 

the ·Fitter" program (Rodbard et al, supra.) ; the data 
were normalized. The results of these experiments 
are presented in Figure 30 and Figure 31. Both 
Gal/Rel h184 and m184 produced congruent sig-
moldal Inhibition curves with nearly equivalent IC60s 35 

(4-8 nM) that were not significantly different by Stu
dents' unpaired t-test The OKM-1 control lgG did not 
Inhibit PMN attachment. Thus, Gal/Rei hlB4 inhibits 
adhesion of activated hPMNs to human umbilical vein 
endothelial cell monolayers to the same extent as 40 

native mlB4 in a quantitative homotypic in vitro adhe-
sion assay, illustrating anti-Inflammatory activity. · 

Inhibition of CTL-mediated cytolysis 

Cytotoxic T-lymphocyte (CTL) directed cell killing 
is an Important component of graft rejection following ' 
tissue or organ transplantation. Since attachment to 
and killing of target cells is a CD18-dependent inter-

45 

cellular adhesive event, we determined whether so 
Gal/REI h184 Inhibits human CTL-mediated cell lysis. 
Human. Q-31 CTL cells were cultivated in RPMI 1640 
supplemented with 100Ai bovine calf serum and 30 
units/ml recombinant human IL-2. To induce the dif-
ferentiated state, fragments of Irradiated JY human 55 

lymphoblastoid cells were added to the media for 6-
7d. The JY cells were propagated as above except 
without IL-2. and also served as targets for the Q-31 

20 

cells. To compare the effects of m184 and Gal/Rel 
h184 on cell killing, Q-31 cells were Incubated in 
media with various antibody concentrations for 30 
min. at 25 °C before addition of the target cells. To 
quantify cytolysis, JY target cells were labeled with 
&1er and mixed with effector cells at various E :T ratios 
of 8 :1 to 2.5 :1 at 37 °C. After 4h, the percent of &1cr 
liberated into the culture medium for each concen
tration of antibodies was detennined (in triplicate) as 
an Index of cell killing. Cell killing curves that were 
generated simultaneously with various concen
trations of m1B4 {mOKM-1 control) or Gal/Rei h184 
(hlgG4 control) were utilized to calculate ICsoS (Figure 
31). Both Gal/Rei h184 and m184 inhibited JY cell 
lysls to the same extent. In each case, the mean 1 C50 
was equal to about 2 nM 184, and the Inhibition cur
ves for both antibodies were superlmposable. These 
results Indicate that Gal/Rel 184 can prevent the 
rejection of transplanted tissues and organs. 

Tissue and Cellular Specificity of Gal/Rei Hh84 

The process of humanization might engender 
abnormal binding properties that could cause h184 to 
associate with and accumulate in unexpected sites In 
tissues, cells, and their organelles, with toxic conse
quences. To ascertain whether the binding properties 
of Gal/Rei h1 B4 were altered, we compared the 
immunofluorescence microscopic (IF) and 
immunoelectron mlaoscoplc (IEM) localization of 
Gal/Rei h1B4 and native m184 In various rabbit tis
sues, and in human PMNs, U-937 cells, and fibrob
lasts. 

IF Staining of Tissues and Cells 

Healthy 2 kg male New Zealand white rabbits 
were euthanized, and approxinately 1.0 x 1.0 x 0.5 
cm3 tissue blocks were excised, immersed in OCT 
mounting medium (Miles), and frozen rapidly in liquid 
nitrogen-cooled Freon 22 (Dupont) at--150 °C. Sam
ples were obtained from the following organs : bone 
marrow, cerebrum, kidney, large Intestine, liver, 
lungs, lymph nodes, myocardium, stomach, striated 
muscle (leg), and spleen, and stored at -80°C. On the 
day of an ·experiment, 5 l1ITI frozen tissue sections 
were cut with a cryostat at -20 °C, placed on poly-L
lyslne-coated glass slides, and air-dried at 25 °C. The 
sections were immediately immunostained without 
fixation to avoid denaturation of CD18 antigens. In 
order to inhibit non-specific binding, slides were 
washed In 0.1 M Tris-HCI buffer (pH 7.8), and incu
bated with the clarified supernatant of a solution of 5% 
non-fat dry milk (Carnation) In 0.1% BSA, 0.1%, NaN3, 

and 0.1 M phosphate buffer, pH 7.8 for 1 h at 25 °C. 
All subsequent staining steps were also conducted for 
1 h at 25 °C with Intermittent washes In 0.1 M Tris-HCI 
(pH 7.8). For single-labeling experiments, the sec-
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tlons were stained with a 20 µg/ml solution of primary 
antibody (mlB4, Gal/Rel hl84, or hlgG4 control) In 
staining buffer [0.1 % non-fat dry mDk, 0.1 % BSA, 
0.1%, NaN:i. and 0.1 M phosphate buffer (pH 7.8)1. 
Bound antibodies were detected indirectly with a 25 5 

µg/ml solution of fluorescein lsothlocyanate-conju
gated affinity-purified goat anti-mouse lgG, or goat 
anti-human lgG FITC conjugate (Kirkegaard and 
Perry, Inc.) in staining buffer. In double-staining exp-
eriments, specimens were lmmunolabeled with a 10 

mixture of primary antibodies (1 µg/ml m1B4 and 1 
p.g/ml h1 B4 In staining buffer centrifuged at 12,000xg 
for 15 min.), followed by a clarified mixed-antibody 
detection solution' [25 µg/ml fluoresceln lso-
thlocyanate-conjugated affinity-purified goat anti-hu- 15 

man lgG and 25 µg/ml rhodamine 
lsothlocyanat~njugated affinity-purified goat anti
mouse lgG (Kirkegaard and Perry; Inc.) in staining 
buffer]. Controls for the dual-labeling experiments 
were clarified solutions of mixed m184 plus hlgG4 (1 zo 
µg/ml of each antibody), or m1 B4, Gal/Rei h1 B4, and 
hlgG4 dissolved alone at 11g/ml lgG In staining buf-
fer ; lgGs were localized on the sections with the 
mixed-antibody detection solution described above. 
Coversllps were mounted on the slides with a solution . 25 

. of 5% n-propyl gall ate in 90% glycerol and 10% 1.0 M 
Na-bicarbonate, and the sections studied with a Zeiss 
Photomlcroscope Ill equipped with epifluorescence 
illumination and fluoresceln & rhodamlne Interference 
filter combinations. Photomicrographs were taken at 30 

16x or 40x with Zeiss neofluar oil-immersion objective 
lenses using llford HP-5 high-speed fflm at speeds of 
1600-6300 ASA. 

The IF staining patterns of Gal/Rei h1 B4 and 
m1B4 In rabbits are summarized In Figure 32. Specific 35 

CD18-posltlve IF labeling for both recombinant and 
native IB4 lgGs was observed In tissues known to 
contain leukocytes. There was no detectable differ-
ence in IF distribution or intensity observed with 
Gal/Rei h1B4 versus m1B4, and control tissues 40 

treated with hlgG4 or buffer were always negative. By 
far, sections of bone marrow presented the most 
Intense CD18 staining with either species of IB4 ; 79% 
of these cells exhibited cytoplasmic labeling. leuko-
cytes of the spleen and the lymph nodes were stained 45 

more irregularly and with lower intensity. A conspicu-
ous population of resident leukocytes was detected in 
the lungs, and to a much lesser extent In kidney 
glomerull. Surprisingly, no CD18 staining was seen in 
the microglial cells of the cerebrum or in the Kupffer so 
cells of the liver. The other tissues were completely 
unstained. Titration of the primary antibody solution 
Indicated that a 1.0 µg/ml solution of hlB4 or mlB4 was 
the minimum concentration of either antibody 
required to obtain maximum IF staining of bone mar- 55 

row sections. 
Dual IF staining experiments were conducted to 

determine whether the antigens recognized by 

21 

Gal/Rei h1B4 and m1B4 are colocallzed in the same 
cells. Cryosections of bone marrow, spleen, or lymph 
node were double-labeled with mixtures of Gal/Rei 
h1B4 and m1B4. As illustrated In Figure 33 for bone 
marrow, every cell that was positively stained with 
mlB4 was also labeled with Gal/Rei h1B4. In the con
trol groups, Gal/Rei hl84 staining (detected under 
fluoresceln optics) was specifically eliminated by sub
stituting hlgG4 for h184 in the primary antibody mlxt
.ure, while retaining the m184 labeling (visualized with 
rhodamine filters). With the converse control, removal 
of m184 from the mixture of primary antibodies 
ablated the rhodamlne labeling, but had no effect on 
the fluoresceln staining generated by Gal/Rel h184. 
These 184-colocalization results were therefore 
highly specific 

Thsee data Indicate that native and Gal/Rei 
humanized 1 B4 were localized In the same cells 
(leukocytes) and exhibited Identical staining specifi
city and Intensity In various rabbit tissues. The highest 
levels of CD18 labeling were observed In those tis
sues which contain large numbers of leukocytes, with 
the bone marrow presenting the most intense stain
ing. Therefore, our humanization process has not 
altered the specificity of 1 B4 lgG detectable at the 
light microscopic level of resolution. 

IEM Staining of Human Cell Organelles. 

Double label immunoelectron microscopic exp
eriments were conducted to compare the specificity of 
Gal/Rei h184 and m1B4 at the subcellular/sup
ramolecular level of resolution. CD18 antigens have 
been localized to the specific granules of hPMNs and 
monocytes via IEM with 60.3 (another Mab that rec
ognizes CD18 ; Singer et al., J. Cell Biol, 109: 3169-
3182 (1989]). Therefore, we determlnicf° whether 
Gal/Rei h1B4 and mlB4 were codistributed in these 
granules. Human PMNs were isolated from venous 
blood as described above and prepared for IEM via a 
modification of a published method (Singer et al, 
supra). Briefly, the PMNs were fl)(ed with a solution of 
3.5% paraformaldehyde and 0.05% glutaraldehyde in 
0.1M Na-cacodyiate (pH 7.2}, 0.1M sucrose, and a 
mixture of broad spectrum protease inhibitors. Fixa
tion was perfomed under microwave irradiation until 
the cells reached 45°C (-45 sec.}, followed by quench
Ing with excess buffer at 4°C. Cell pellets were 
embedded in 7% acrylamlde, infiltrated with 2.3M suc
rose in 0.1 M phosphate (pH 7 .2), frozen In liquid pro
pane (-190°C) and cut Into ultrathin (-80 nm) 
cryosections. The specimens were double labeled 
with Gal/Rel h184 and m184 using 5 nm and 10 nm 
protain-A colloidal gold conjugates (Janssen Life Sci
ence Products) as described, and analyzed at 
29,000x with a JEOL 100CX transmission electron 
microscope. A summary of the immunostainlng 
results for PMNs Is shown in Flgure34. Both Gal/Rei 
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h1B4 and m1B4 were colocalized in specific 
granules ; negative controls showed that the colloidal 
gold probes were not cross-reacting nonspecfficly. 
Further, Gal/Rei h1B4 and m184 were also col
ocallzed within a population of cytoplasmic granules 
In U-937 cells {a human rnyelomonocytic line), but not 
In human lung fibroblasts (IMR-90). These obser
vations strongly suggest that the binding specificity of 
Gal/Rel IB4 Is comparable to that of mlB4 at sup
ramolecular resolution. 

EXAMPLES 

In Vivo Activity Of Recombinant Human Anti-CD18 
Antibodies 

The in vivo potencies of murine 184 (m1 B4) and 
humanized 184 (hl84) (Examples 2 and 4) were com
pared in the rabbit by assessing their abll!ty to Inhibit 
dennal Inflammation, manifest as PMN accumulation 
and plasma extravasation, elicited by intradermal 
administration of C5a. 

The dorsal hair offemale New Zealand White rab
bits (2 -2.5 kg) was shaved at least 24 hours prior to 
experimentation. Rabbits were anesthetized with an 
Intramuscular Injection of Ketamlne HCI (60 mg) and 
Xylazlne (5 mg).[1251)-Bovine serum albumin (10 µCl) 
was Injected into the marginal ear vein, as a marker 
of plasma extravasatfon. Groups of animals were then 
treated with saline, m184 administered intravenously 
at 0.07, 0.21 or 0.7 mg/kg, or h1B4 administered 
Intravenously at 0.1, 0.3 or 1 mg/kg 15 minutes before 
initiation of the dermal inflammation. Thereafter, 
human recombinant C5e (100 pmol), or saline, in e 
volume of 50 µI was injected lntradennally Into 4 rep
licate sites in the dorsum. Three hours later, a blood 
sample (1 ml) was taken and centrifuged (8000g ; 3 
min ; 20°C) to prepare cell-free plasma which was 
aspirated and retained. Animals were then 
euthanatized with approximately 750 µI. Socumb 
(Sodium Pentobarbital 389 mg/ml in 40% isopropyl 
alcohol), and Injection sites were excised using a 6 
mm biopsy punch. Radioactivity ([1251]) present in skin 
samples and ceU-free plasma (50 µI) was quantified 
using a gamma counter. By reference to the specific 
radioactivity of the cell-free plasma, the extent of 
plasma extravasatlon was expressed as µI plasma 
equivalents per 6 mm biopsy. The skin biopsy was 
then homogenized In 5 ml of 0.5% Hexadecyltrimethyl 
ammonium bromide (HTAB) using a polytron 
homogenizer. Chloroform (1 ml) was added to the 

... sample, which was vortexed and centrifuged (1600g; 
15 min.; 20°C). Four aliquots (50 µI) of the aqueous 
supernatant were added to wells In a 96 well plate for 
measurement of rnyeloperoxldase (MPO) activity, as 
an Index of PMN content Duplicate wells of the 96 
well plate received 200 ml buffer (KH2P04 44 mM ; 
K2HP04 6 mM ; H20 2 0.0015% ; pH 6.0) alone (back-

ground) and duplicate wells received buffer contain
Ing MPO substrate (3',3-0imethoxybenzldlne dlhyd
rochloride ; 360 µg/ml). Reactions were allowed to 
proceed for 15 min. at room temperature, and MPO 

s activity was measured as the change in absorbance 
. at 450 nm measured in a plate reading 
spectrophotometer. By reference to a standard curve 
constructed using known quantities of rabbit PMN In 
HTAB, the extent of PMN accumulation In each skin 

10 biopsy was estimated. 
The Injection of C5a into the skin of rabbits pret

reated with saline produced significant Increases In 
PMN accumulation (Figure 35) and plasma extravas
ation (Figure 36) compared with skin sites injected 

16 with saline. In animals pretreated with either m184 or 
h1B4 there was dose-related inhibition of both PMN 
accumulation {Figure 35) and plasma extravasation 
(Figure 36). Both antibodies were of comparable 
potency, as Indicated by the estimated ED60 values 

20 for inhibition of PMN accumulation and plasma ext
ravasation which were approximately 0.15 mg/kg for 
both m184 and h184. 

2s Claims 

1. A method for producing a humanized recombin
ant immunoglobulln comprising : 

a. preparing polymerase chain reaction prim-
30 ers to amplify the variable portion of the light 

and heavy chain of a murlne antibody which 
binds to a predefined antigen ; 
b. using the primers to amplify the variable 
portions of both heavy and light chains and 

35 sequencing the resulting nucleotide chains ; 
c. determining the murlne complimentary 
detennining regions of the heavy and light 
chains; 
d. selecting human variable heavy and light 

40 chain frameworks which show a high degree 
of amino acid similarity with the variable heavy 
and light chain framework of the murine 
lmmunoglobulin ; 
e. selecting human constant heavy and light 

45 chain frameworks ; 
f. grafting the murlne complimentary determin
ing regions of section c to the human 
framework regions of section e ; 
9. Incorporating the complete DNA sequence 

so for the humanized recombinant lmmunog
lobulin into an appropriate expression vector; 
h. transfecting host cells with the expression 
vector of section g ; 
I. growing the transfected cells of section g In 

55 an environment In which the humanized 
recombinant immunoglobulin will be produced 
by the transfected cell ; 
J. collecting the lmmunoglobulin. 

22 
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2. The method of dalm 1, section d wherein the 
selection process will Include one or more of the 
following steps : 

a. comparing the framework sequences of the 
murine monoclonal antibody from which the 5 

CDRs have been remeoved with all human 
heavy chain variable and light chain variable 
framework sequences ; 
b. closely comparing the non-surface exposed 
residues; 10 

c. comparing the tertiary and quantemary 
structural model of. human framework sequ-
ences with CDRs In place for comparison with 
models of the original animal monclonal anti-
body; 15 

d. screening of human genomic DNA with 
DNA probes corresponding to framework 
sequences in chosen animal monoclonal anti-
body. 

20 

3. A polymerase chai., reaction method for the sim-
ultaneous synthesis and assembly of at least four 
deoxyollgonucleotides. 

25 
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MOUSE LIGHT CHAIN VARIABLE REGION 
5' UPSTREAM PRIMER - FRI OF VARIABLE REGION 

S'- TCT CGGATC CGA (CT)AT <TC>GT GCAC>T CGC>AC CCA CGA)-3' 
BAM Ht 

3' DOWNSTREAM PRIMER - KAPPA CONSTANT REGION 
S'- TCT CAA GCT TTG GTG GCA AGA TCGA>G ATA CAG TTG GTG CAG C -3' 

HIND ·111 

MOUSE HEAVY CHAIN VARIABLE REGION 
5' UPSTREAM PRIMER - FRl OF VARIABLE REGION 

i) 5'- TTC TGG ATC CCCG>A GGT CGCT)CA CAG)CT GCAC)A G<GC)A GTC (TA)GG -3' 
BAM Hl 

I 1) 5'- TTC TGG ATC C(CG)A GGT <GCT)AA GCT GGT G(GC>A GTC CTA)GG -3' 
BAM Hl 

3' DOWNSTREAM PRIMER - lgG2n CHI REGION 
5'- TCT CAA GCT TAC CGA TGG <GA>GC TGT TGT TTT GGC -3' 

HIND III 

FIG. 1 
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184 HEAVY CHAIN 

Asp•ya1 Lys Leu Val Glu Ser Gly Gly Asp Leu Val Lys Leu Gly Gly Ser Leu 
Lys Leu Ser Cys Ala Ala Ser Gly Phe Ibc Pbe Ser [Rsp Tyr T.y.r Met Ser] Trp 
Val Arg Gin Thr Pro Glu Lys Arg Leu Glu Leu Val Ala [Ria lie Asp Rsn Asp 
Gly Gly Ser I le Ser Tyr Pro Rsp Thr Ual lys Gly] Arg Phe Thr lie Ser Arg 
Asp Asn Ala Lys Asn Thr Leu Tyr Leu Gin Met Ser Ser uw. Arg Ser Gfu Asp 
IbJ: Ala Leu Tyr Tyr Cys Ala Arg [Gin Gly Rrg Leu Rrg Rrg Rsp Tyr Phe R sp 
Ty r] Trp Gly Gin Gly Thr Thr Leu Thr Vat Ser Ser Ala Lys Thr .... 

1 B4 LIGHT CHAIN-1 

Asp lie Val Leu Thr Gin Ser Pro Ala Ser Leu Ala Val Ser Leu Gly Gin Aro Ala 
Thr lie Ser Tyr (Arg Ria Ser Lys Ser Ual Ser Thr Ser JilU. Tyr ill Tyr M..e.! 
HW II:p. Asn Gin Gin Lys Pro Gly Gin Pea Pro Arg Leu Leu lie Tye [Leu u a 1 
Ser Rsn Leu Glu Ser] Gly Val Pro Ala Arg Phe Ser Gly Ser Gly Ser Arg Thr 
Asp Pbe Thr Leu Asn .lie. His Pro Val Glu Glu Glu filP. Ala Ala. Thr Tyr Tyr 
Cys [Gin His lie Arg JiliL Leu Thr] Arg SerGlu Gly Gly Pro Ser Trp Lys ter 

FIG. 3A 
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1B4 LIGHT CHAIN·2 

Asp lie Val Leu Thr Gin Ser Pro Ala Ser Leu Ala Val Ser Leu Gly Gin Arg Ala 
Thr lie Ser Cys [Rrg Ria Ser Glu Ser ua1 Asp ser Iur Glu Rsn ser Phe Met 
His] Trp Iyt Gin Gin Lys Pro Gly Gin Pro Pro Lys Leu Leu lie Tye (Rrg era 
Ser Rsn Leu Glu Ser] Gly lie Pro Ala Arg Phe Ser Gly Ser Gly Ser Arg Thr 
Asp Pbe Ibc Leu Thr lie Asn Pro Val Glu Ala Asp Asp Val Ala Ibc Jyr Tyr 
,Cn.[Gln Gin Ser Rsn Glu Asp Pro Leu] Thr Phe Gly Ala Gly Thr Lys Leu Glu 
Leu Lys Arg Ala Asp ... 

[CD Rs] : underline = homology to protein sequence 
Asp* determined from N-terminal amino acid sequencing; PCR primer 

encoded GAG for Glu 

FIG. 38 
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# S 1 5'· CAT TCG err ACC AGA TCT AAG CII ACT AGT GAG ATC ACA GTT CTC TCT AC .3· 
Bgl II Hind Ill Spe I 

# R 1 5'· GCC ATA ACT ATC MC ACTlTC ACT GGC TCT ACA GGT GAT GGT CAC TCT GTC-3' 

# R 2 5'· GTG TTG ATA GU ATG Ge-A ATT ClTTTA TGC N:,T 00T N:;c AOO AGAAGC CAG G ·3' 
# R 3 5'· GAT ICJ AGG ]JG GA.I GOA CGG TAG ATC AGC, AGC, TIT GOA GC .!3 

# R 4· 5'· GCATCC AAQ CTA GAATQT GGT GTG CCAAGCAGA lTC AGC-3' 
# R 5 5'· GGAJCC TCAJIA CTTTGC TGG CAG TAG TAG GTG GCG ATG TC ·'3 

# R 6 5· CAA AGT AATGAG W\T CQT CTCAOO lTCGGC CAA GOO AOC AAG GTG-'3 
# 11 5'· GAA TGT GCC TAC TIT CTA GAG GAT CC A ACT GAG GAA GCA AAG -3' 

Xba I Bam H1 
PCR RECOMBINATION AMPLIFIERS 
#A 1 5'- CAT TCG CTT ACC AGA TCT ·3' 
#A2 5'· GAA TGT GCC TAC TIT CTA G ·3' 

FIG. 4 
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w .... 

Sspl(2012) 

Xho1(4) Human C - kappa by PCR 
Hind III(16) 

Sph I (26) 
Pst 1(32) 
Sall(34l 

Xbol(40) 

BomHIYKbol Bari 

pSP72 
( 2.5 kb) 

FIG. 6A . 

BamHU46l 
Smol (53) 

KpnI(59) 
Sac I (65) 
EcoRI(67) 
Clo 1(74) 

EcoRV{81) 
Bglll(85) 

CoLEI Ori 

AmpR 

BomHI 

(0.9kb) 

XhoU4) 
Hind m(16) 
SphI(26) 

Pst 1(32) 
Soll(34) 

Xbal(40) 
BomHI(46) 

Xbol (54) 
SocI(60) 

BamHl(977) 
pSP72/HUMAN C~smol(983) 

Koppa (3.4 kb} Kpnl (989) 
IC Soc I (995) 

T7 EcoRI(997) 

(Cont.on FIG.6Bll 

Clo I ( 1004} 
EcoRV( 1011) 
Bglll ( 1015) 

m ,, 
Cl 

t 
CID 
w .... 
Cl 

~ 

BIOEPIS EX. 1002 
Page 2191
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Xho1(4) (From FIG. 6A) 

Nde 1(3848) 

HindilI(16) 
Spel(22) 

CDR·grofted(Rei) 1B4 VK 
Hnidl +

1 Xba I HnidI + Xbal COR-grof ted (Rei) V-Koppo by PCR 

Sspl(3481) 

pSP72/Rei184 
Koppa(4.0kb) . 

Kpn 1(340) 
KpnI(438) 

BomHI(511) 
BamHl(587) 

/Xbal(593) 
"LK. Soc 1(599) 

Human C-Kappo 

SacI(1108) 

BomHI(1516) 
Smal(1522) 
Kpn I (1528) 
Sac! (1534) 
EcoRI(1536) 
Clal(1543) 
EcoRV(1550) 
Bglll (1554) 

Spel + Clal 
(1.5 kb Koppa Chain) 

(Cont. on FIG. 6C) Spel +Clol 

HindII Spel Xbol 

'I I 
(0.6 kb) 

BamH1(6) 

PvuI(5523)~ 
Pstl(5393) 

p05 /Ig H·Enhoncer/HygB 
(6.1 ~b) 

BomHI 
(1995) 

Soll 
SV 40L(A)n 

Not1(3429) 
NdeI(3423) 
Clol(3417} 

Nhel(3411) 

~ (2008) 
r-.....;;;.,r.,...;;;;-Ad2 MLP Kpn 1(2347) 

Pvu 11(2993) 
SacI(3405) 

a5::~lfi~~~3 F I G. 6 8 
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c,.,. 
w 

(From FIG. 68) i 
· BomH1(6) 

0 I 
p05/lgH-Enhoncer/HygB/ 

, R Humanized 184-Koppo 
\ (Re1 Framework) (7.7kb) 

SV40UA)n 

Ndel (4910} · Human C-Koppo Not1(4916}~ 

CLoI(4904) COR-grofted 194 VK 
EcoRl(4901) 

Socl(4897) 
KpnI(4891) 

BomHI(4889) 

tk-HygB 

BomHI(1995) 
So L 1(2008) . 

IgH- Enhancer 

KpnI(2347} 

V40 Enhancer 

Ad2 MLP 
Pvull(2993) 

Ad2 Leoder 
Bo mH !(3393) 

Spel(3399) 
KpnI(3717) 

Kpnl(3815) 
FIG. 6C 
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i: 

SHORTEN VERSIC)\J OF THElgG4 HEAVY CHAIN cx:::NSTANT REGIOl\l 

S'· A1T TOO ATC C TC TAG A CA TOG CGG ATA GAO AA.GMO ·3' 
8am H1 Xba I 

5•. AAT AAT GCG GCCGC ATCG AT G AGQTCAAGT ATGTAG ACGGGG TACG·3' 
Not I cia I Sac I 

lK PROMOTER FRAGMENT 
S'· TAT AGA AU C GG TAC CCTTCA TCCCCG TOO CCC G ·3' 

Eco R1 Kpn I 
5'· TGC GTG TTC GM UC GCC ·3' 

Eco R1 

lg H ENHANCER 
5'· TTT TAG ATC I GT CGA CAG ATG GCC GAT CAG AAC CAG ·3' 

Bgl II Sal I 
s·~ TTG GTC GAC GGT ACC AAT ACA mTAG MG TCG AT -3' 

Sal I Kpn I 
HUtMN KAPPA CONSTANT REGIO>J 

5'· TCT COO ATC CTC TAG AAG MT GGC TGC AAA GAG C ~ 
5'- TCT CGC TAG CGG ATC CTT GCA GAGGAT GAT AGG G-3' 

FIG. 7 
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# S 1 5•. CAT TCG err ACC AGA JCT MG CU ACT AGJ GAG ATC ACA GTT CTC TCT AC .3• 
Bgl II Hind Ill Spe I 

# C 1 S'· GAI GIG AAG QTG GTG GAG TCA G ·3' 

# C 2 5• .. CJC QAC CAG QU CAC AJC GGA GTG GAC ACC, TGT GGA GAG "3' 
# C 3 5'· TGA GGA GACJGJ GAG AGT GGT G ·3' 

# C 4 5'· CTC TCA CAG TCT CCT QAG GTGAGT CCTTAC MC CTC TC-3' 
# 11 5•. GAA TGT GCC TAC m CTA GAG GAT CC A ACT GAG GAA GCA AAG ·3' 

Xba I Barn H1 

PCR RECOMBINATION AMPLIFIERS 
#A 1 5'· CAT TCG CTT ACC AGA TCT .3• 
#A2 5•. GAA TGT GCC TAC TTT CTA G ·3' 

FIG. 9 
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PvuI(3536) 
PstI(3406) 

.EcoR1{1) 

SV40 Enhancer 

Hind III ( 726) 
Ad2 MLP 
Pvu I I( 1006) 

Ad2 Leader 

~ -BomH1(1406) 
Spel(1413) 
Socl(1419) 
NheI(1425) 
Clal(1431) 

·· Nde I(1437) 
NotI(1443) 

Kpnl + 
EcoR1(3.9 kb) 

CMVIE 
Promoter 

EcoRl(1) 
Clo 1(23) 
Hindlll(29J 

BamHI(375) 

pCMVIE-AK1-0HFR 
(9.2 kb) 

tk-Neo(AKI) . , 
BGH(A)n 

~BamHI(2766) 

Bglll(5570) 
Kpnl(5340) , l 'EcoRl(4565) 

EcoRI(5041) BomHl(4766) 

IgH enhancer by PCR 
BgLll~ SoU jpnl 

(0.3kb) 

FIG. 10A (Cont. on FIG. 10B) 
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EP0438310A1 

Pvul(5472) 
Pstl(5342) (// 

,'Amp 

(p8928) 
p05/IgH-Enhoncer/Neo 

(6.1 kb) 

f {From FIG. 10A 

Soll(1957} 
IgH -Enhancer 

KpnI(2296} 

t ke Promoter 
(Octomer and CAT 
Region by PCR) 

,_....,.,. .. _,.y40 Enhancer EcoRI EcoRI __ ..... 
Notl(3379) 
Ndel(3373) 
Clol(3367) 

Ad2 MLP 
Pvull(2942) 

NheI(3361) 
Sacl(3355) 
SpeI(3349) 
BomHI(3342) 

SV40 L(A)n 

Notl(3379) 
NdeI(3373} 
Clol(3367) 
Nhel(3361} 
Soc1{3355) 
SpeI(3349) 
BomHI(3342) 

38 

SoU(1957) 

ld 
{0.1kb) 

/.. lgH-Enhoncer 
KpnI(2296) 

SV40 Enhancer 
(Hind III minus)(2662) 

Pvull(2942) 

FIG. 108 
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(0 

Sspl(2012) 

XhoI(4) 
Hind 111(16) 

Sph I (26) 
Pstl(32) 

Chimeric 184 VH by PCR 

Hindffi SoLI(34) 
Xbol(40) 

BomH1(46) 
SmoI(53) 

KpnI(59) 

Bgll~-- i9omHI 

(0.8 kb) 

Soc I (65) 
EcoRI(67) 
CloI(74) 

EcoRV(81l 
~ Bglll(85} 

ColEI Ori 

pSP72 
( 2.5 kb) 

BomHl 
+ 

Bglll 

(Cont. on FIG. 118) FIG. 11A 

Kpn1(6109) tk E I( ) 
EcoRI(6103)~ I c~R 1 

~mp ~tk-Neo 

· (p8941) _ ,... __ \ 
p05/lgH·Enhoncer/Neo · 

Notl(3379) 
Ndel(3373) 
CLoI(3367) 
NheI(3361) 
Socl(3355) 
Spe1(3349) 
BomHI(3342) 

(6.2 kb) 

Sol1(1957) 
lgH· Enhancer 

KpnI(2296) 
SV40 Enhancer 

(HindIII minus)(2662) 
Pvu I1(2942) 

~ 
0 

e 
w ... 
0 
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Xhol(4) 
HindIII(16) 

Sph I (26) 
PstI(32) 

I (FROM FIG. 11A} 

Soll(34) 
Xbol{40) 
BomHI{46) 

SmaU106) 
Chimeric 184 VH 

HindllI(615) 

(p8949) 
pSP72/Chimeric 1B4 VH 

Spel(795) 

Hind III(801) 
BgL II(807) (3.2 kb) T7 

FIG. 118 

-~~:.--::~ 
BglII + BamHI 
(0.8 kb VH) 

ColE1 Ori 
KpnI(6869) 

EcoR1(6863) ~tt----.. 
Pvul(6232) ~ ~tk-Neo 

Pst1{61021 7Amp ~ 

{p8954} 
p05/IgH-Enhoncer/Neo/ 

Chimeric 184 VH 
\ORI (7.0kb) 

Soll(1957) 
lgH-Enhancer 
K~nI(2296) 

SV40 Enhancer 
Ad2 MLP 

Pvuil(2942) 

Chimeric 184 VH 
SV40L(A)n , 

Notl(4139} 
NdeI(4133) 
Clo1(4127) 
.Nhel(4121) 

Socl(4115) 
Spel(4109) 

BamHl(4102) 
Sma1(4042) 

40 

Ad2 leoder 
Hind III(3347) 

Spel (3353) 
Nco 1(3401) 

Hindlll(3533} 

(Cont. on FIG.11C) l 
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Human C-gommoH by PCR 

Bom HI Xbol Spel)YNocI 
\/ 

{1.8kb) 

Kpnl(8623) 
EcoRI(8617) tk EcoRI{1) FROM FIG. 118) 

PvuI(7986) p tk-Neo 
Pstl(7856) ~ ~ 

SV40L{A}n 
··-·· 

p (p8958) '\ 
p05/IgH-Enhoncer/ 

/ORI Neo/184 VH-Short 
Human C-Gommo 4 

(8. 7 kb) 

BomHI +Notl 

Sall(1957) 
lgH-Enhoncer 
KpnI(2296) 

Not 1(5893) ~...._ Ad2 Leader." 
SV 40 Enhancer 

Ad2 MLP 
CLol(5887) 
SocI{5881) 

Short Human C-Gommo 4 
PstI(4887) 
BgL !1(4856) 

Chimeric 184 VH A PvulI (2942) 
XhoI(3097) 

Bgl II(3268l 
Hind I1I(3347) 
SpeI{3353) 
Ncol(3401) 
Hind 111(3533) 

Smol(4042J 
BomHI(4102) 1 

FIG. 11C 
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TRANSIENT EXPRESSION or THE 1B4 CHIMERIC HEAVY CHAIN, GRAFTED RE1/1B4 LIGHT CHAIN 
RECOMBINANT ANTIBODY IN CVl, COS7, AND 293 CELLS 

ANTIBODY 
CELL LINE (ng/Ml) 

CVl 50 
CVl 31 

. COS7 71 
COS7 82 
293 385 
293 207 

FIG. 12 
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4000, 
0 ---O·o- --

0 <> 
I 

3000 

CPM BOUND/ 1 x 105 
HUMAN PMNs 

\~ m 
"Cl 
Cl 2000~ 
t 
QI t 
c.i ... 
Cl 

> ... 
I ~ 

1000 

QL-_-1-_ _.__-..J.. _ __J __ ..L.-_....1.-_--.L~::::::::::l=~___.J 

10-15 10 ... 14 10-13 10-12 10-11 10-10 10-9 10-a 10-1 10-G 

MOLAR CONCENTRATION ADDED 

FIG. 13 
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HEAVY CHAIN 

NEW: 
1B4: 
Jon: 
Gal: 

Gal-Ml: 

QVQLQESGPGLVRPSQTLSLTCTVSGFTFS 
DVKLVESGGOLVKLGGSLKLSCAASGFTFS 
DVQLVESGGGLVKPGGSLRLSCAASGFTFS 
EVQLVESGGDLVQPGRSLRLSCAASGFTFS 

G 

[HDYY'l'] WVRQPP 
(DYYMS] WVRQTP 
[TAWMK] WVRQAP 
(BLGMTJ WVRQAP 

GRGLEWIG [YVFYBGTSDl>'l'TPLRS-J RFTMLVDTSKNQFSLRL 
EKRLELVA [AIDNDGGSISYPD'1'VXG) RFTISRDNAKNTLYLQM 
GKGLEWVV [WRVEQVVEKAFAHSVHG] RFTISRNDSKNTLYLQM 
GKGLEWVA [HIKZBGSZZBYVDSVJtG] RFTISRDNAKNSLYLQM 

L 

%Id 
. SSVTAADTAVYYCAR [---NLIAGCil>V)WGQGSLVTVSS ... 55 

SSLRSEDTALYYCAR [-QGRLIUlDYFDY]WGQGTTLTVSS .. . 
ISVTPEDTAVYYCA.R [VPLYGBYRAFNY]WGQGTPVTVSS ... 78 
NSLRVEDTALYYCAR [-----GWGGGD-]WGQGTLVTVST ... 82 

L 85 

FIG. 14A 
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tt 

LIGHT CHAIN 

REI: DIOLTQSPSSLSASVGDRVTITC [I\ASGNIBNYLA------JWY 
1B4: DIVLTQSPASLAVSLGQRATISC [I\ASESVDSYGNSFMR--]WY 
Len: DIVMTQSPNSLAVSLGERATINC [~SSQSVLYSSNSENYLA]WY 

OQKPGKAPKLLIY [YT~TLAD] GVPSRFSGSGSGTDFTFTISSL 
QQKPGQPPKLLIY [RASNLES] GIPARFSGSGSRTDFTLTINPV 
QQKPGQPPKLLIY [WASTRES] GVPDRFSGSGSGTDFTLTISSL 

%Id 
QPEDIATYYC [QBFWSTPRT] FGQGTKVVIKR... 69 
EADDVATYYC [QQSNEDPLT] FGAGTKLELKR .•. 
QAEDVAVYYC [QQYYSTPYS] FGQGTKLEIKR... 81 

%Id percent identity to 1B4 FRs 

FIG. 148 
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''GAL"/184 
#G 1 5'· GAG GTG CAG CTG GTG GAG TCT GGG GGA GAC CTG GTC CAG CCT GGG AGG TCT CTG AGA 

CTC TCC TGT GCA GCC TCT GGA lTC ACC TTC AGT GAC TAT TAC ·3' 
IG2 5'· ATA AGA GAT GCT ACQ ACQ ATC All ATC MT GGC TGC AAC CCA CTC CAG CCC TIT TCC TGG 

AGC CTG GCG GAC CCA AGA CAT GIA ATA GJC ACT GAA GGT ·3' 
#G3 5'· GGJ GGT AGC ATC TQT TAJ CCA GAC ACT GTG AAG GGC AGA TTC ACC ATC TCC AGA GAT AAT 

GCC MG MC TCC. CTG TAC CTG CAA ATG MO AGC CJG AGA GU ·3' 
#G4 5'• CAC CAG GGT ACC no GCC CCA GTA GTC AM.ATA ATC ACG TCG TAA TCT CCC CTG TCT 

CGC ACA GTA ATA CAG GGC CGT GTC CTC MO TCT CAG GCT GIJ CAT .3· 

t VARIABLE REGION AMPLIFIERS 
#A3 5'· GAG GJG CAG CTG GJG GAG TC .. 3• 
# A4 5'· GAC CAG GGT ACC TTG OCC CC -3' 

SIGNAL FRAGMENT 
#S1 5'· CAT TCG CTT ACC AGA TCT AAG CTT ACT AGT GAG ATC ACA GTT CTC TCT AC .3• 
#GS 5'· CTC QAC CAG CTG CAC CTC GGA GTG GAC ACC TGT GGA GAG ·3' 

FRAMEWORK 4/INTRON FRAGMENT 
#G6 5'· GGQ CAA GGT AQQ CTG GTC ACA GTC TCC ACA GGT GAG TCC -3' 
#12 5•. GAA TGT GCC TAC TTT CTA GAG GAT CCT ATA AAT CTC TG ·3' 

FIG. 15A 
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~ 

11
JON

11
/184 .... 

# J 1 5'· GAT GTG CAG CTG GTG GAG TCT GGG GGA GGA CTG GTC AAG CCT GGG GGG TCT CTG AGA 
CTC TCC TGT GCA GCC TCT GGA TTC ACC rrc AGT GAC TAJ TAC .3• · 

# J 2 5'· AJA AGA GAT GCT ACC ACC ATC ATT ATC MT GGC CAC MC CCA CTC CAG CCC TTT TCC TGG 
AGC CTG GCG GAO CCA AGA CAT GTA ATA GTC ACT GAA GGJ .3• 

# J 3 5'· GGT GGT AGC ATC TCT TAT CCA GAC ACT GTG MG GGC AGA rrc ACC ATC TCC AGA AAC GAT 
TCA MG AAC ACG CAG TAC CTG CAA ATG ATC AGC GTG ACC CCC ·3' 

#J4 · 5'· GAC AGG GOT ACC UG GCC CCA GTA GTC AAA ATA ATC ACG TCG TAA TCT CCC CTG TCT 
CGC ACA GTA Al A CAC GGC CGT GTC CTC GGG GGT QAC· GCT GAT CAT .3• 

VARIABLE REGION AMPLIFIERS 
#As s·. GAT GTG CAG CTG GTG GAG TC .3• 
# A 6 5'· OAC AOG GGT ACC 1TG GCC CC .3• 

SIGNAL FRAGMENT 
#S1 5•. CAT TCO CTI ACC AGA TCT MG CrT ACT AGT GAG ATC ACA GTT CTC TCT AC .3• 
# J 5 5'· CTC CAC CAG QTG CAC ATC GGA GTG GAC ACC TGT GGA GAG -3' 

FRAMEWORK 4/INTRON FRAGMENT 
# J 6 s•. GGC CAA GGT ACC CCJ GTC ACA GTC TCC TCA GGT GAG TCC -3' 
112 5•. GAA TGT GCC TAC TTT CTA GAG GAT CCT ATA AAT CTC TG .3• 

PCR RECOMBINATION AMPLIFIERS USED FOR BOTH CONSTRUCTIONS 
# A 1 5'· CAT TCG CTT ACC AGA TCT •3' 
# A2 5•. GAA TOT ace TAC TTT CTA G .3• 

FIG.158 
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S1 
~x::::::; ~E 

~ 
GS: : 

I I 

' ' I I 
I I 

PCR 11 : : 

A1 _. 

I I _..,. 
A3 

1:-::·:·:·twJwwuu,mwup4¢wAA I 

RE 

-wJvi;w4@'£4 1·····~.u.uDM ,. ..... . 
Signal 

G1 

FR1 

G3 
Ill II 1111 

G2 ll PCR 

ll PCR 

CDR1 FR2 CDR2 FR3 CDA3 

FIG.16 

G6 

~ --------.-.·,:·.···· I : ... ······-.·.···· ...... · .... p·c··c·····.·.·,·· • · • · 

' I I 
I 

' I 
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I 
I 

: RE~ 
: 12 
I 
I 
I 
I 

,..._J • PCR 

G4 

1111111 1111······ ...... ....._ 
A2 

RE 

I •=·-:.\: .. :1 

FR4 lntron 

Ill 
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27 54 
GAG GTG AAG CTG GTG GAG TCA GG(;·, GGA GAC TTA GTG AAG CTT GGA GGG TCC CTG. 
Glu Val Lys Leu Val Glu Ser Gly Gly Asp Leu Val Lys Leu Gly Gly Ser Leu 

81 108 
AAA CTC TCC TGT GOA GCC TCT GGA TTC ACT TTC AGT GAC TAT TAC ATG TCT TGG 
Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asp Tyr Tyr MET Ser Trp 

135 162 
GTT CGC CAG ACT CCA GAG AAG AGG CTG GAG TTG GTC GCA GCC ATT GAT AAT GAT 
Val Arg Gln Thr Pro Glu Lys Arg Leu Glu Leu Val_Ala Ala Ile Asp Asn Asp 

189 216 
GGT GGT AGC ATC TCT TAT CCA GAC ACT GTG AAG GGC CGA TTC ACC ATC TCC AGA 
Gly Gly Ser Ile Ser Tyr Pro Asp Thr Val Lys Gly Arg Phe Thr Ile Ser Arg 

243 270 
GAC AAT GCC AAG AAC ACC CTG TAC CTA CAA ATG AGC AGT CTG AGG TCT GAG GAC 
Asp Asn Ala Lys Asn Thr Leu Tyr Leu Gln MET Ser Ser Leu.Arg Ser Glu Asp 

297 324 
ACA GCC TTG TAT TAC TGT GCT AGA CAG GGG AGA TTA CGA CGT GAT TAT TTT GAC 
Thr Ala Leu Tyr Tyr Cys Ala Arg Gln Gly Arg Leu Arg Arg Asp Tyr Phe Asp 

351 
TAC TGG GGC CAA GGC ACC ACT CTC ACA GTC TCC TCA GCC AAA ACA A 
Tyr Trp Gly Gln Gly Thr Thr Leu Thr Val Ser Ser Ala Lys Thr 

FIG. 17 
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EcoRI(1} 
Hind 111(29) 

BomHI(375) 
I 

Sspl{2012) 

tk-HygB 
pA~2 )1 (5.6 kb) 

AmpR 

BomHI(2275) 
Sal1(2551) 

FIG. 18A 
BomHl 
(1.9kb t k-HygB) l BomHI 

~ 

\\ 

Xho1(4) 
HindIU(16) 

Sph 1(26) 
Pstl(32) 
. I Soll(34) 

XboI(40) 
BomH1(46) 

SmoI(53) 
Kpn1(59) 

Socl(65) 
EcoRl(67) 
CLo 1(74) . 

EcoRV(81) 
~ Bglll(85) 

'\ \rCoLEIOri 

pSP72 
(2.5 kb) 

(Cont. on F IG.188} 

m 
,i 
0 

t 
00 
w .... 
0 
)> ... 

BIOEPIS EX. 1002 
Page 2210



en ... 

XhoI(4) 
Hind lll(16) 

Sph1(26) 
Pst 1(32) 

Sall(34) 
XbaI(40) 

BamHI(46) 

pSP72/tk·HygB 
(4.4" kb) 

.tk-HygB 

BomHI(1946) 
Smal{1953} 
Kpn1(1959) 
Socl{1965) \ EcoR1{1967) 
Clal(1974) 
EcoRV(1981) 
Bgl lll1985) 

r (FROM FIG.18Al 

Kpn I (610~ IEc~ I( ll 
EcoRI(6103) 

Pvul(5472) · 
Pstll5342l-/1'll'mp Jtk-Neo 

p05/IgH-Enhancer/Neo 

SV40L(A)n 

Notl(3379) 
Ndel(3373) 
CLol(3367) 
Nhe1(3361) 

SocI(3355) 
Spel(3349) 
BomHI{3342) 

(6.2 kb) 

Soll(1957} 
//V lgH-Enhoncer 

Kpn1(2296) 
SV40 Enhancer 

(Hindllt minus)(2662) 
Pvull(2942) 

FI G.188 / (Cont. on FIG. 18Cl 
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"V 
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e 
w -Cl 
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~ 

(FROM FIG. 186) 
Sal 1 + Smol 

( 1.9kb tk·HygB) 

PvuI(5523) 

EcoRl and 
fill in ends 

Pstl(5393l ""«mp ~ tk· HygB 

p05/lg H-~nhoncer /HygB 
(6.1 kb) 

\ORI 
~ 

Ad2 Leader. Ad2 MLP 
...... ,1 ,: 

BamHI(1995) 
Sall(2008) 

IgH-Enhoncer 
Kpnl (2347) 

Notl(3429) 
NdeI(3423) · 
Clal(3417) 
Nhe1(3411} 
Socl(3405) 
Spe1(3399) 
BomHl{3393) 

SV 40 Enhancer 
(HindIII minus)(2713) 

PvuII (2993) 

FIG. 18C 
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I!: 

.. ~~ Pvul(6232) 
PstU6102l~ "tk-Neo 

(p8954) 
p05/lgH· Enhancer/Neo/ 

\ORI (7.0 kb) IgH-Enhoncer 
Chimeric 184 VH ~SalI(1957) 

( ) , C~imeric 184 VHJ h KpnI(2296} 
SV40 L An~, / / SV40 Enhancer 

Notl(4139) 
Ndel(4133) 
CLoI(4127} 
NheI(4121) 
SacI(4115) 

Spel(4109) 
BamH1(4102) 
SmoI(4042} 

Ad2 MLP 
Pvu 11(2942) 

Ad2 Leader 
Hind1II(3347) 

'Spel(3353) 
Ncol(3401) 

Hind III(3533) 

CDR-grofted (Jon) 184 VH (by PCR) 

!t:Hi=nd=IIl==::::1l8omHI 

(Cont. on F IG.198) i 
CDR·grafted (Goll 164 VH (by PCR) 

\ 

1

spel 
1

samHI 

(0.8 kb) FIG.19A 

ta 
0 

~ 
w ... 
0 

!: 
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~ 

(FROM FIG. 19A) 
Hind ill+ Born HI 

Kpnl(8621) 
EcoR1(8615) tk EcoRI(1) 

Kpn 1(8621) tk 
EcoRI(8615) J\. EcoRl(1) 

Pvul (7984) --· ...,_;:r~-

Ps tl(7854) ~ .. ~tk-Neo 
Pvul(7984) 

PstI(7854)~ ~k-Neo 

SV40 L(A)n 

Notl(5891) 
CLol(5885) 

· SacI(5879) 

Amp ( p8959) ~ 
p05/IgH-Enhancer/Neo/184~ 

r1 -Jon VH/Short Humane 
JORI -Gamma 4 (8.7kb) 

SoL1(1957) 
lg H-Enhancer 

-Kpnl (2296) 
Ad2 Leader. II fsv40 Enhancer 

,,}'7.Ad2 MLP 

._,, 

Pvull (2942) 
XhoI(3097) 

Bgl ll(3268} Notl(5891) 

Amp (p!:~~~Mnn~ 
pD5/lgH·Emoncer/NeoJ 

,, -Gal VH/Short Humane SoLI(1957) 
toRI -Gamma 4 (8.7kb) lgH-Enhoncer 

SV40 L(A)n / KpnI(2296) . 
~ Ad2 Leader. SV40 Enhancer 

' Ad2 MLP 
.CDR-grafted(Jon)184VH I Pvull(2942) 

. XhoI(3097) 
BgLI1(3268) 

Short Human C- gamma 4 
Hindlll(3347) CLal(5885 
Spel (3353) Sacl (5879) 

. Hind III ( 334 7) 
Spel(3353) 

PstI(4885) 
BgLII(4854) 

Ncol(3403) Short Human C-gamma 4 
Pvu II(3552) 

Kpnl(3884) 
Smal(4044) 

BomHil4101) 
Xbo1(4106) 

FIG. 198 

Ncol(3403) 
Pvu I1(3552) 

Kpnl{3884) 
· ·smoI(4044) 
BamHI(4101) 

Xba1(4106) 

qJ 
0 

t 
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Summary of Competitive Binding Activities of mlB4 & hlB4 

Framework Constructs 

Cao11c1.1,1 M110 ma nM &.D. ti p. (t1l1lli1l 

8l 
ml84 0.52 0.20 9 <0.000S(Gal*) 

Gal/Rei 1.68 0.26 19 <0.000S(New) 

Gal/Len 2.80 1.04 2 <0.0005(Ga1•) 

Jon/Rei 5.88 0.13 3 <0.000S(Gal*) 

New/Rei 7.99 0.73 3 =0.00B(Jon) 

mut Gal/Rei 0.67 0.08 4 >0.20(m1B4) 

Demichimera 0.46 0.08 3 >0.61 (mlB4) 

*Gal 1111 Gal/Rei h1B4 construct FIG.20 
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"' OI 

11 LEN 11/1 B4 . 
# L 1 5•. GAC ATC GTG ATG ACC CAG TCT CCAAAT TCC CTG GCT GTC TCT ClT GGA 

GA.G NlA~N:;CATCAAC,TOONJAGQQAGT WY\AGTGTJCVJ .3• 
# L 2 S'· A(X3ATA GATQ!GGAGrnTN3/lN1/lCTG CCCTGGm CTG CTGATACCAGTGCAT 

AAAAGAATTGCCATA>CT ATCAAQ AQTUQ ACT GGQ ·3' 
# L 3 5'· AAGCTQ CTG ATQTATCGTGCA TCCAACCTAGAA TCT GGG GTCC,CAGAC AGGTTC 

AOOGOO ~GGA 1CTGGG AQAG'\IUCACTCTQ ACQ"3' 
# L 4 5•. QGTGAG AGG AlC ere AJIACTTIGCTGACAGTAATAAACTGC AAC ATCTTC AGC 

CTG CAG GCT GCT MTGGIQAGAGTGAA ATCTGT "3' 
# L 5 5'· TAATGA GG\IQCTQTCAQG'TTCGGCCAAOOGACCAAGCT GGAGATCMACGTGA 

GTA GAA TTT AAA OTT TGC lTC CTC AGT TAA GCT TTC TAG A ·3' 

VARIABLE REGION AMPLIFIERS 
# A 5 5'· GAC ATC GTG ATG ACC CAG TC ·3' 
# A 6 5'· TGC CTA CTT TCT AGA AAG CTT AAC TGA GG ;.3• 

SIGNAL FRAGMENT 
# S 2 5'· AGA TCT ACT AGT AAG CTT GAG ATC ACA GTT CTC TCT AC -3' 
# L 6 5'· CTG GGT CAT CAC GAJ GTQ GGA GTG GAC ACC TGT GGA GAG ·3' 

PCR RECOMBINATION AMPLIFIERS. 
# A 7 5'· AGA TCT ACT AGT AAG CTJ GAC ·3' 

Bgl II Spe I Hind Ill 
#AB 5'· TGC CTA CTT TCT AGA AAG CTI ·3' 

Xba I Hind Ill 

FIG. 21 
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~ 

S2 c::·,c:E 
-W///////////////////////////////////////////////M 

A7 _,... 

PCA 

~ 
L61 I 

I I 
I I 
I I 
I I 

1 
-,... 
AS 

· 1:·:·;···:~/u/u'44fwnfwuu/M m'(/,®W$@4@¥ 

RE 
l=·=·'.·.·:pwffHff#/U&u'HHl#ffll//H//4@'//MJ 

Signal 

L1 L3 
Ill II El 

L2 

PCR 

u PCR 

• L4 

L5 

RE~ 
A6 

:~:=~~.li' ...._ 
AS 

RE 
ta 

FA1 CDR1 FR2 CDA2 FR3 CDR3 FR4 

FIG. 22 
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g: 

Xhol(4) 
Hind1JI(16) 

Spe1(22) 
Nde I (3848) \l/ r· CDR·grofted{Rei) 1B4 VK 

\ /
KpnI(340) 

Sspl(3481) ~ Kpn1(438} 

pSP72/Rei184 
Koppo(4.0kb} 

BomHI{511) 
BomHI(587) 
Xbol(593) 

ut=== Socl(599) 

Human C· Koppa 

Soc I (1108) 

BamHU1516) 
Smal (1522) 
Kpnl (1528) 
Socl {1534) 
EcoR !(1536) 
Clo 1(1543) 
EcoRV{1550} 
Bgl II(1554) 

CDR·grafted (Len) VK by PCR 
Spel Hindlll S el HindIII 

\/ P ;tXbol 

(0.6 kb) 

Xhol(4} 
Hindlll(16) 

peI(22) 
Hind1Il(28} 

Ndel(3848) 
Sspl(3481} 

(p8967) 
pSP72/Len184 
Kappa{3.9 kb) 

Len184 VK 
8omHI(511) 
BomH1(587} 
Hindlll(590) 

~xbal(593) 
SocI(599) 
Human C-Koppa 

SocI(1108) 

~ BamHI(1516} 

FIG. 23A (Cont. on FIG. 238} / 

CoLE1 Ori 

SmaI(1522) 
Kpnl (1528) 
SocI(1534) 
EcoRI(1536) 
Clal(1543) 
EcoRV(1550) 
BgLII (1554} 
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8omHI(6) 
PvuI(7010) ............. ~c--

(FROM FIG. 23A) 

PstI(6880) ~P ~. tk-HygB 

(p8953) '·-~" '\ 
p05/ lgH·Enhoncer/HygB/ 

Spel + Clol 
(6.1 kb) 

Spel + Clol 
(1.5kb Lenl84 Koppa} 

Humanized 1B4·Kaf pa 
\ORI (Re1 Framework 

(7.7kb) 

BomHl(1995) 
SaLI(2008) . 

I gH-Enhoncer PvuI(70l0) 
Not 1(4916) KpnI(2347) Pstl(6880) 

Nde1(4910) Human C-Kappa " SV40 Enhancer ~::::,-C"" 
CLoI(4904) ; Ad2 MLP ~ I EcoRI(4901} A PvuII(2993) ~p ~tk-HygB 
Sacll4897) d2 Leader . . 
Kpnll4891} BamH!l3393} (p8963) 

BamHll4SS9l Sac1(4485) Spe !(3399} p05/Ig H·Enhancer/HygB/ 
Socll3976) K K~Jl37l7J CDR·Grofted Kappa L·Chain 
Xball3970) pnl 3815) . SV 40 LIA} 10RI (7. 7 KBI 

BomHH3964) CDR-grofted 1B4 VK n 

BomH1(1995} · 
SoLI(2008} 

lgH·Enhoncer 
Kpnl(2347) 

BomHI(3888} 
Notl (4916) 
. NdeI(4910) 
Clol(4904) 

EcoRI(4901) 
Socl(4897) 
Kpn1{4891) 

BamHI(4889} 

FIG. 238 

Human C - Koppa > /V -SV40 Enhancer 
,~Ad2MLP 

Socl(3976l 
XbaI(3970) 

Hindlll (3964) 

Pvu 1[(2993) 
Ad2 Leader 

BomH1(3393) 
Spel(3399) 
Hind 111(3405) 

CDR-grofted VK 
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8 

.. 27 54 
GAC ATT GTG ATG ACC CAG TCT CCTiGCT TCC TTA GCT GTA TCT CTG GGG CAG AGG 
Asp Ile Val MET Thr Gln Ser Pro Ala Ser Leu Ala Val Ser Leu Gly Gln Arg 

81 108 
GCC ACC ATC TCA TAC AGG GCC AGC AAA AGT GTC AGT ACA TCT GGC TAT AGT TAT 
Ala Thr Ile Ser Tyr Arg Ala Ser Lys Ser Val Ser Thr Ser Gly Tyr Ser Tyr 

135 162 
ATG CAC TGG AAC CAA CAG AAA CCA GGA CAG CCA CCC AGA CTC CTC ATC TAT CTT 
MET His Trp Asn Gln Gln Lys Pro Gly Gln Pro Pro Arg Leu Leu Ile Tyr Leu 

189 216 
GTA TCC AAC CTA GAA TCT GGG GTC CCT GCC AGG TTC AGT GGC AGT GGG TCT AGG 
Val Ser Asn.Leu Glu Ser Gly Val Pro Ala Arg Phe Ser Gly Ser Gly Ser Arg 

2~3 270 
ACA GAC TTC ACC CTC A.AC ATC CAT CCT GTG GAG GAG GAG GAT GCT GCA ACC TAT 
Thr Asp Phe Thr Leu Asn Ile Bis Pro Val Glu Glu Glu Asp Ala Ala Thr Tyr 

297 324 
TAC TGT CAG CAC ATT AGG GAG CTT ACA CGT TCG GAG GGG GGA CCA AGC TGG AAA 
Tyr Cys Gln His Ile Arg Glu Leu Thr Arg Ser Glu Gly Gly Pro Ser Trp Lys 

TM AAC GGG .CT 
Asn Gly 

FIG. 24 
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0) 
~ 

27 54 
GAT ~TT GTG CTG ACC CAG TCT CCA GCT TCT TTG GCT GTG TCT CTA GGG CAG AGG 
Asp Ile Val Leu Thr Gln Ser Pro Ala Ser Leu Ala Val Ser Leu Gly Gln Arg 

81 108 
GCC ACC ATA TCC TGC AGA GCC AGT GAA AGT GTT GAT AGT TAT GGC AAT TCT TTT 
Ala Thr Ile Ser Cys Arg Ala Ser Glu Ser Val Asp Ser Tyr Gly Asn Ser Phe 

135 162 
ATG CAC TGG TAC CAG CAG AAA CCA GGA CAG CCA CCC AAG CTC CTC ATC TAT CGT 
MET His Trp Tyr Gln Gln Lys Pro Gly Gln Pro Pro Lys Leu Leu Ile Tyr Arg 

189 216 
GCA TCC AAC CTA GAA TCT GGG ATC CCT GCC AGG TTC AGT GGC AGT GGG TCT AGG 
Ala Ser Asn Leu Glu Ser Gly Ile Pro Ala Arg Phe Ser Gly Ser Gly Ser Ar9 

243 -270 
ACA GAC TTC ACC CTC ACC ATT AAT CCT GTG GAG GCT GAT GAT GTT GCA ACC TAT 
Thr Asp Phe Thr Leu Thr Ile Asn Pro Val Glu Ala Asp Asp Val Ala Thr Tyr 

297 324 
TAC TGT CAG CAA AGT AAT GAG GAT CCT CTC ACG TTC GGT GCT GGG ACC AAG CTG 
Tyr Cys Gln Gln Ser Asn Glu Asp Pro Leu Thr Phe Gly Ala Gly Thr Lys Leu 

.. GAG CTG AAA CGG 
Glu Leu Lys Arg 

FIG. 25 
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l?l 

#S1 

#G7. 

#GS 
#G9 

#G10 
#G11 

#G12 
#12 

5'· CAT TCG CTT ACC AGA JCT AAG CU ACT AGT GAG ATC AC ·3' 
Bgl II Hind Ill Spa I 

5'· AGA TCT CCC CCA GAQ IQA ACC AGC TG-3' 

S'· TGA GTCTGG GGG AGA,JCITGTTCA GCC TGG AGGGTC TCT G-3' 
5'· ATC MI GGQ IGQ AAQ CAG CTC CAG CCC m TCC-3' 

s·. CTG GU GQA GQQ ATT GAI AAT -3' 
5'· GGA. G6.C JGI CAG CAG GGT N:x:, lTG GCC CCA-3' 

S'· ACC CTG QTG AQA GTCTCQ ACA GGT GAG -3' 
5'· GAA TGT GCC TACTrr CTA GA G GAI QQT ATA AAT CTC TGG CCA TG ·3' 

Xba I Bam H1 

PCR RECOMBINATION AMPLIFIERS 
#A3 S'· CAT TCG CTT ACC AGA TCT .3• 
#A4 5'· GAA TGT GCC TAC TTI CTA G ·3' 

FIG. 26 
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S1 GS G10 G12 

~ M ... .... M ... 
W/H/UH/HH@k4 e 

Signal CDR1 CDR2 CDR3 
~ ..ii X ~ 

G7 G9 G11 

A3 PCR!J 5'-Primer m _.... ,, 
c:, 

~ r,·:HtpR4¢M4'!4?&'4 ; XI 18 : ! I I t . : • . : : 0, 

: : w 
Signal . ' 

·.:.::::::::;::::::::::::::::::::::::::::::::::::::t:IB!i!Hi 
... 

I x: !X i 0 
)I, ....._ ... 

3'-Primer 

PCR!J 
A4 

RE 
r;:.:.:-:~Al@I X X ..... ···:·························· ..... •.·.·········:t· !!liB!I 

Signal CDA1 CDR2 CDR3 lntron 

FIG.27 
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MEAN CPM BOUND/ 
1 X 105 PMNs (n = 3) 

2000 

1500 

1000 

500 

0 
10-11 

t- ~ t ~ 
vhl84 IC5o= 1820pM 

ml 84 IC50= 702pM ~ 

) 
'i 

\ 

----~ 
10-10 10-9 10-0 10-7 

MOLAR CONCENTRATION ADDED 

FIG. 28 
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a, 
UI 

MEAN CPM BOUND/ 

1 X 105 PMNs ( n = 2) 

3000 

2500 

2000 

1500 

1000 

500' 

f ---
-... °" .. l,. ~New/Rei IC50= 7673pM 

0\ 1:, 
' 

. .., ' 
\ 

\ 
hl84 IC50= 1633pM· 

t\ 
\ 
;'-. ,, 

' ' 

O· I I 111111 I I I 111111 'I I I 111111 I I I 111111 I' '11111 

10-11 10-10 10-9 10-8 10-1 10-6 

MOLAR CONCENTRATION ADDEO 

FIG. 29 
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125 

100 hl84 IC50= 4.0nM 

o/o PMNs BOUND 
75 f ml84 IC50= 5.8nM 

= 50 

25 

o.___ _ __,__._ _________________ ___, 
10- 13 10- 12 10-11 10-10 10-9 10-8 10-7 

MOLAR CONCENTRATION ADDED 

FIG. 30 
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a, .., 

HUVEC 

CTL 

COMPARISON OF Gal/Rel h1B4 AND mlB4 IN 

IN VITRO FUNCTIONAL ASSAYS 

1cso (nM) 

hl84 n ml84 J!.. -
8.2 9 4.6 9 

2.0 4 2.0 4 

FIG. 31 
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0) I CIO 

IMMUNOFLUORESCENCE MICROSCOPIC LOCALIZATION or MlB4 AND 
G~l/Rel hlB4 STAINING IN·5 UM FROZEN SECTIONS DF RABBIT 

TISSUES ,ll 

TISSUE MlB4 STAINING Gnl/Rel hlB4 STAINING 
BONE MARROW ++++ ++++ 

CEREBRUM 0 0 

KIDNEY + <LEUKOCYTES ONLY) + <LEUKOCYTES ONLY> 
LARGE INTESTINE 0 0 
LIVER 0 0 

LUNGS ++ <LEUKOCYTES ONLY> ++ <LEUKOCYTES ONLY) 
LYMPH NODES ++ ++ 

MYOCARDIUM 0 0 
STOMACH 0 0 

STRiATED MUSCLE CLEG) 0 0 

SPLEEN +++ +++ 

•CONSECUTIVE TISSUE SECTIONS VERE STAINED INDIVIDUALLY VITH MlB4 OR hlB4. 
TWO DOUBLE-BLINDED EXPERIMENTS VERE PERFORMED BY DIFFERENT INVESTIGATORS. 
THE DEGREE OF LABELING WAS SCORED AS O <NEGATIVE>, + <SPARSE>, ++ <MODERATE>, 

+++ (INTENSE), AND++++ <MARKEDLY INTENSE>. 

FIG. 32 
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1B I 

DOUBLE LABEL IMMUNOFLUORESCENCE MICROSCOPIC 

LOCALIZATION OF Gal/Rer HUMANIZED AND MURINE 

184 IN RABBIT BONE MARROW CELLS* 

Primary Antibodies Applied Gal/Rel blB4 mlB4 

Gal/Rel hlB4 + mlB4 +++ +++ 

hlgG4 + mlB4 0 + + + I 
Gal/Rel hlB4 + buffer +++ 0 

mlB4 + buffer 0 +++ 

hlgG4 + buffer 0 0 

• 5 um frozen sections of rabbit bone marrow were stained with mixtures of Gal/Rel 
hlB4 and native murlne IB4 or controls (hlgG4, buffer). + + + = moderate staining: o 
= negative. 

I 
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I 
0 

DOUBLE LABEL IMMUNOELECTRON MICROSCOPIC 

LOCALIZATION OF Gal/Rel HUMANIZED AND MURINE 

IB4 IN SPECIFIC GRANULES OF HUMAN PMNS* 

PRIMARY ANTIBODIES APPLIED RELATIVE STAINING INTENSITY 

Gal/Rei. hlB4 mlB4 

Gal/Rel hlB4 + mlB4 ++++ ++++ 

hlgG4 + m1B4 0 ++++ 

Gal/Rel hlB4 + buffer ++++ 0 

* 80 nm ultrathin frozen sections of human PMNs were double stained with GaVRel 
hl84 and native murine IB4 or controls (hlgG4. buffer). + + + + = intense staining; O 
= negative. 
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..., ... 

PMN x 105 / 6mm BIOPSY 

25 

20 

15 

10 

5 

0 I '< < 1 1 < o , r < • , , o ,, < , , < a , < < , , r , , r , a I I I I I I I I I I I 

SALINE 0 0.07 0.21 0. 7 0 0.1 0.3 1.0 
ml84 hl84 

(mg/Kg) (mg/ Kg) 

FIG. 35 
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--
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RECOMBINANT HUMAN ANTI-CD18 ANTIBODIES 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. Pitmers used to Isolate DNA encoding 
murlne kappa light chain variable region and murlne 
lgG2a heavy chain variable region using PCR. 

Rgum 2. Diagram of anUbody structure and PCR 
products of murine heavy and light chain. 

Rgure 3. 184 amino acid sequence for heavy 
chain variable region and light chain variable regions 
.1 and 2 deduced from the nucleic acid sequence of 
the cloned cDNAs. 

Figure 4. Ollgodeoxynucleotides used as primers 
for PCR mutagenesls and amplification of the Rel light 
chain variable region template so as to graft the CDRs 
of 184 Into the Rel light chain variable region. 

Figure 5. PCR recombination strategy used In the 
CCR-grafting of the Rel/184 light chain variable reg
ion.· 

Figure 6. OuUlne of the Insertion of light chain 
variable and constant regions into the light chain exp
ression vector. 

Figure 7. Ollgodeoxynucleotldes used as PCR 
primers to generate a shortened lgG4 heavy chain. 
Ollgodeoxynucleotlde primers used In PCR to re-en
glneer the thymldlne kinase (TK} promotorto facilitate 
the exp,esslon of the neomycin resistance gene. 
Oligodeoxynucleotide primers used In PCR to clone 
the lgH enhancer sequence. Ollgodeoxynucleotldes 
used as PCR primers to generate a human kappa light 
chain constant region. 

Figure 8. PCR recombination strategy used In the 
fusing of human signal and lntronlc sequence to the 
184 heavy chain variable region. 

Agure 9. Oligodeoxynucleotides used as primers 
for PCR recombination to fuse human signal and 
lntronic sequences onto the 184 heavy chain variable 
region. 

Rgure 10. OuUlne of the construction of the 
neomycin seleclable expression vector. 

Rgure 11. Outline of the Insertion of the 
•chimaerlc• 184 heavy chain variable region and the 
shortened human lgG4 heavy chain constant region 
Into the heavy chain expression vector. 

Rgure 12. Levels of transient expression as 
detennlned by trapping ELISA, of the 184 chlmaeric 
heavy chain : grafted ReU184 llght chain recombinant 
antibody In CV1, COS 7 and 293 cells. 

Figu1& 13. Competitive binding assay of recom
binant ·ch1maer1c•JRE1 184 {circles} and native 

· mwine 184 MAb (diamonds) for CD18 on activated 
human PMNs. 

Figure 14. Amino acid sequence composition of 
the human heavy and light chain variable regions from 
which framework regions were used to support the 
murine 184 CORs. 

Figure 15. Ollgodeoxynucleotldes used In the 
construction of Gal/184 heavy chain variable region 
and Jon/184 heavy chain variable region plus those 

s necessary to fuse the human signal and lntronlc sequ
ences onto these variable regions. 

Figure 16. PCR-recombination strategy used In 
the CCR-grafting of the Gal/184 heavy chain and 
Jon/184 heavy chain variable mglons. 

10 Rgure 17. DNA sequence and deduced amino 
acid sequence detennlned for murlne 184 heavy 
chain variable region. 

Figure 18. OuUine of the construction of the hyg
romycin selectable expression vector. 

15 Figure 19. OuUine of the Insertion of the Gal/184 
heavy chain and the Jon/184 heavy chain variable 
regions Into the heavy chain expression vector con
taining the shortened lgG4 heavy chain constant reg
ion. 

20 Figure 20. Summary of the competitive binding 
activities of murine MAb 184 and recombinant human 
antl-CD18 antibody constructs. 

Figure 21. Ollgodeoxynucleotldes used In the 
consln.lcUon of Len/184 light chain variable region 

25 plus those necessary to fuse the human signal onto 
the Len light chain variable region. 

Figure 22. PCR-recombfnatlon stratagy used In 
. the CDR-graftlng of the LEN/184 llght chain variable 

region. 
so Figure 23. Outline of the Insertion of the Len/184 

light chain variable region Into an lntenfemedlate vec
tor followed by Its lnseruon Into the light chain expres
sion vector. 

Figure 24. DNA sequence and deduced amino 
ss acid sequence dete,mined for murine 184 llght chaln-

1 variable region. · 
Figure 25. DNA sequence and deduced amino 

acid sequence detennined for murlne 184 llght chaln-
2 variable region. 

40 Figure 26. Ollgodeoxynucleotides used In the 
construction of Gal-m1/184 (mutant) heavy chain 
variable region plus those necessary to fuse the 
human signal onto the Gal-m1 heavy chain variable 
region. 

45 Figure 27. PCR-racombinatlon ·strategy used In 
the CCR-grafting of the Gal-m1/184 (mutant) heavy 
chain variable region. 

Figure 28. Competitive binding assay of native 
murlne 184 (dlamlnds) and Gal/Rel humanized 184 

50 (circles). 
Rgure 29. Competitive binding assay of New/Rel 

recombinant h184 (closed diamonds) and Gal/Rel 
recombinant h184 (open diamonds). 

Figure 30. Effects of native murfne 184 
55 (diamonds) and Gal/Rei recombinant humanized 184 

(circles) on attachment of human PMNs to human 

3 
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unbillcal vein endothelial cell monolayers In vitro. 
Figure 31 •. Comparison of Gal/Rei h184 and 

m184 in in vitro functional assays. 
Figure 32. hnmunofluorescence microscopic 

localization of m184 and Gal/Rel h184 staining In 5 
Jlffl forzen sections of rabbit tissues. 

Figure 33. Double label lmmunofluorescence 
microscopic localization of Gal/Rei h184 and m184 in 
rabbit bone marrow cells. 

Figure 34. Double label lmmunoelectron micros
copic localization of Gal/Rel h184 and m184 In speci
fic granules of human PMNs. 

Figure 35. Dose-dependet Inhibition by of m184 
and Gal/Rel h1B4 of C5a (100 pmol)-lnduced PMN 
accumulation In rabbit skin. · 

Figure 36. Dose-dependent inhibition by m184 
and GaURel h184 ofC5a (100 pmol)-lnduced plasma 
extravasation In rabbit skin. 

Figure 37. OuUine of the construction of expres
sion system p8962 capable of producing large quan
tiUes of recombinant CDR-grafted 184 antibodies. 

Figure 38. Outline of the construction of expres
sion systems p8968 and p8969 capable of producing 
large quantities of recombinant CDR-grafted 184 anti
bodies. 

BACKGROUND OF THE INVENTION 

Murine derived monoclonal antibodies have been 
utilized as diagnostic and therapeutic agents for 
numerous human pathologic conditions Including 
acute Inflammatory responses associated with 
numerous diseases. Administration of murlne derived 
monoclonal antibodies (mMAbs) as therapeutic 
agenls In man has been severely limited by the 
development of antibody within the recipient to the 
mouse antigens of the murine derived monoclonal 
antibody. In attempts to circumvent this outcome 
mMAbs have been restructured by recombinant DNA 
technology In such a way as to decrease their 
immunogenicity in humans. lmmunoglobullns are well 
defined both chemically and biologically with the gen
eral structures Dlustrated In Molecular Cell Biology, 
Darnell, Lodish, and Baltimore, Eds., Scientific Ameri
can Books, Inc., W.H. Freeman, New York, NY 
(1986). Initially, this Involved the construction of 
chlmaeric antibodies, Morrison et al., Proc. Natl. 
Acad. Sci. USA 81 : 6851-6855 (1984). Recombinant 
technology was-employed to replace the murlne 
heavy and light chain constant regions with corre
sponding human constant regions. Upon expression, 
such interspecies antibody chlmaeras yielded 
molecules with the antigen binding specificities of the 
parent murlne antibody. The following references 
generally describe chlmaeric antibody technology : 
Lobugllo et al., Proc. Nall. Acad. Sci. USA 86 : 4220-
4224 (1989); United States Patent 4,816,567 ; PCT 
International Publlcatlon No. WO 87/02671, 

published May 7, 1987 ; European Patent Publication 
No. 255,694, published February 10, 1988; Euro
pean Patent Publication No. 274,394, published July 
13, 1988; European Patent Publication No. 323,806, 

5 · published July 12, 1989; PCT International Publi-
cation No. W0/89/00999, publls.hed February 9, 1989; 
European Patent Publication No. 327,000, published 
August 9, 1989; European Patent Publication No. 
328,404, published August 16, 1989; and European 

10 Patent Publication No. 332,424, published Septerrr 
ber 13, 1989. 

The lmmunogenicity of chlmaeric antibodies can 
be further reduced by grafting rodent hypervariable 
regions into the variable region framewort<s of human 

15 light and heavy chains, Jones et al., Nature 321 : 522-
525 (1986). These hypervarlable regions have also 
been tenned complementarity detennlnlng regions 
(CDR). The technique Involves the substitution or 
recombinant grafting of antigen-specific murlne CDR 

20 sequences for those existent within •generic• human 
heavy and light chain variable regions, European 
Patent Publication No. 239,400, published Septem
ber 30, 1987. In this approach, IIWe, If any, concern 
is shown for the variable region frameworks (FRs) 

25 within which the murine CDRs are placed. The Instant 
Invention Illustrates that appropriate supportive struc
tures for the CDRs are vital not only for the assembly 
of the functional antibody molecules but also for the 
production of antibody molecules with avidities which 

ao allow· for the administration of therapeutic doses 
(about 0.1-1mgJkg). 

Recent studies by Queen et al., Proc. Natl. Acad. 
Sci. USA 88: 10029-10033 (1989), have shown the 
CDRs froma murine anti-Tac monoclonal antibody 

35 can be grafted into a human framework. The human 
framework variable regions were chosen to maximize 
identity _with the murlne sequence. The authors also 
utilized a computer model of the mMAB to Identify 
several amino acids which, while outside the CDRs, 

40 are close enough to Interact with the CDRs or antigen. 
These residues were mutated to the residue found In 
the murlne sequence. The grafted anti-Tac antibody 
had an affinity for the antigen which was only about 
1/3 that of the murlne anti-tac mMAB and malnte-

45 . nance of the human character of this antibody was 
problematic. 

Leukocyte Infiltration Into an lnflammatOJy site la 
dependent on the adhesion of the leukocytes to the 
endotheOum prior to extravasation. The rapid binding 

60 of polymorphonuclear leukocytes (PMN) to the 
endothelium and diapedesls occurs within minutes 
after the Introduction of a chemotactic stimulus in tis
sue, Cybulski et al., Am. J. Pathol. 124 : 367 (1986). 
This rapid extravasatlon appears to depend on the 

55 response of the PMNs to chemoattractanls and on the 
presence of the CD11/CD18 family of glycoproteins 
on the leukocyte surface. The famDy of glycoprotelns 
associated with PMNs are tanned leukocyte lntegrins 

4 
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and Include LFA-1 (C011a/CD18), Mac-1 (CD11b
CD18) and p150,95 (CD11c/CD18). Each of these 
heterodlmers has a unique alpha chain (CD11 a, b, c) 
and an Invariant beta-2 chain {C018). Stimulation of 
PMNs with various chemotactic factors causes s 
Increased expression of leukocyte lntegrlns 
{CD11 b/C018) fostering strong adhesion to unstimu
lated endothelium In vitro, Harlan, Blood 65: 513 
(1985), and essentially all of the chemoattractant-in-
duced adhesion ls Inhibited by treating the PMNs with 10 

mMABs specifically reactive with the CD11/C018 
complex, Harian et al., Blood 66 : 187 (1985) ; Zim
mennan and McIntyre J. Clln. lnvesl 81 : 531 (1988); 
Smith et al., J. Clin. Invest 82 : 17 48 (1988) ; and Lo 
et al.,J:-Exp. Med. 169 :1779 (1989). Polymor- ts 
phonuclear leukocytes from patients with leukocyte 
adhesion deficiency (LAD) fall to express C018 and 
faH to bind unstimulated endothelium In vitro, Harlan 
et al., Blood 66 : 167 (1985} ; Lo et al., J. Exp. Med. 
169: 1779 (1989). -- 20 

-Murlne hybridomas producing monoclonal anti
bodies reactive with the beta chain common to the 
Mac-1, LFA-1 and the p1S0,95 lntegrlns have been 
described. The mMABs are designated 184, 60.3, 
TS1/18, H52 and ATCC TIB 218. The 184 ls an lgG2a zs 
antibody and was prepared by Wright et al., Proc. 
Natl.Aced. Sci. USA 80: 5899-5703(1983):-ihe 60.3 
Is also lgG2a and wasprepared by Beatty et al., J. lm
munol.131 :291~2918 (1983), TS1/18 lsan lgG1 
antibody and was prepared by Sanchez-Madrid et al., 30 

J. Exp. Med. 158: 1785-1803 (1983). H52, a MAb 
against beta 2 (CD18) was prepared by Hildreth and 
Orentas, Science 244: 1075-1078 (1989) and ATCC 
TIB 218, a lgG2a kappa prepared by Springer et al., 
J. Exp. Med. 158 : 586-602 (1983). These antibodies 35 
appear to be functionally equivalent and cross-react 
with the beta-2 chain found on human, sheep pig, rab-
bit, and dog leukocytes but not with the beta-2 chain 
found on murlne and rat leukocytes. 

SUMMARY OF THE INVENTION 

Recombinant immunoglobulin specifically reac
tive with the C018 lntegrln or antigen of leukocytes 

,o 

and methods for the production of the lmmunoglobulin 45 

are disclosed. DNA constructs containing the com
plementarity detennining regions {CDRs} of a murlne 
antibody are recomblnantly combined with the 
frameworks of chosen viable regions of both heavy 
and light chains of a human antibody. The constructs so 
are transfected Into eukaryotic host cells capable of 
expressing the recombinant lmmunoglobulln sequ
ences. 

OBJECT OF THE INVENTION 55 

It Is accordingly, an object of the present inven
tion to provide novel DNA sequences for the com-

5 

plementarity detennlnlng regions of murlne heavy and 
light chain monoclonal antibody. Another object of the 
Invention Is to provide novel DNA sequences for the 
complementarity detennlnlng regions of murine 
heavy and light chain monoclonal antibody that 
Immunologically binds to the CD18 lntegrin or antigen 
of leukocytes. A further object la to provide novel DNA 
sequences for recombinant animal antibody. Another 
object Is to provide a vector containing the DNA sequ
ence for recombinant animal antibody. Another object 
is to provide a mammalian host transformed with a 
vector containing the DNA sequence for recombinant 
animal antibody. It Is a further object that the animal 
recombinant antibody be human recombinant anti
body. A further objective Is to provide recombinant 
human lmmunoglobulin that binds to leukocyte lnteg
rin. Another object Is to provide a process for making 
recombinant human lmmunoglobulin. A further object 
is to provide a process for producing recombinant 
immunoglobulins. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relatas to methods and 
means for the construction and expression of unique 
recombinant derived anb'body In which complemen
tarity detennlnlng regions (CDRs) from a first animal 
monoclonal antibody of defined specificity are Inser
ted Into a second animal, lndudlng man, variable 
heavy and light chain frameworks which show a high 
degree of sequence slmllarlty with the framework of 
the first animal and present the CORs In the approp
riate configuration to react with the appropriate anti
gen or ligand. The insertion or grafting is carried out 
by processes well known In the biotachnical arts, 
primarily recombinant DNA technology. The unique 
frameworks (FRs) are selected for their sbuctural 
compatibUity and sequence slmDarity with the first ani
mal frameworks. This preseiection is dependent on 
one or more of the following criteria : (0 sequence 
matching to all known human heavy chain viable (V") 
and light chain variable (VJ framework sequences 
with the framework sequences of the animal monoc
lonal antibody from which the CDRs have been 
removed ; (ii) sequence matching as described In (I), 
but with significant attention paled to Interspecies 
matching of the non-surface exposed amino acid resi
dues ; (iii) tertiary and quaternary structural model of 
human framework sequences with CDRs In place for 
comparison with models of the original animal mono
clonal antibody ; and (Iv) saeening of human 
genomic DNA with DNA probes corresponding to 
framework sequences in chosen animal monoclonal 
antibody. These criteria and the following procedures 
are used to prepare recombinant DNA sequences 
which Incorporate the CORs of animal mMAB, bolh 
light and heavy chains. into human framewortcs !hat 
can then be used totranafectmammallan cells forthe 
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expression of recombinant human antibody with the 
antigen specificity of the animal monoclonal antibody. 

The present invenUon further comprises a 
method for constructing and expressing the altered 
antibody comprising : (Q mutagenesls and QSSembly s 
of variable region domains Including CDRs and FRs 
regions ; (IQ preparation of an expression vector 
Including at least one variable region which upon 
transfection into cells results In the secreUon of pro-
tein sufficient for avidity and specificity determi- 10 

nations ; and (IQ co-ampllflcation of heavy and light 
chain expression vectors In appropriate cell lines. 

The present Invention provides recombinant 
methods for incorporating CDRs from animal monoc-
lonal antibodies into human immunoglobulln 1s 

frameworks so that the resulting recombinant human 
antibody will be either weakly lmrnunogenic or non
lmmunogenic when administered to humans. Preferr-
ably the recombinant immunoglobins will be 
recognized as self proteins when administered for 20 

threapeuUc purposes. This method or-humanization• 
wUI render the recombinant antibodies useful as 
therapeuUc agents because they will be either weakly 
immunogenlc or non-immunogenic when adminis-
tered to humans. The Invention Is further conte~ 2s 

plated to Include the recombinant conversion of any 
animal monoclonal antibody into a recombinant 
human monoclonal antibody providing that a suitable 
framewolk region can be identified (as descnbed 
below). It Is Intended that the present invention 30 

include the nucleotide and amino acid sequences of 
the murlne CDR regions and the human framework 
regions either separately or combined as a light or 
heavy chain oran intact immunoglobulin and any con-
servaUvely modified variants thereof. The animal 35 

monoclonals may include, but are notlimited to, those 
murlne monoclonal antibodies desaibed by Van
Voorhis et al., J. Exp. Med. 158: 126-145 (1983) 
which bind to human leukocytes and the appropriate 
mMAbs produced by hybridomas deposited In the 40 

Hybridoma Cell Bank maintained by the American 
Type Culture Collection (ATCC) and desaibed in the 
ATCC Catalog of Cell Lines & Hybridomas, No. 6, 
1988. 

The CDR sequences from the animal monoclonal 45 

antibody are derived as follows. Total RNA is extrac-
ted from the murine hybridomas, for example the 184 
myeloma cells described by Wright et al., Proc. Natl. 
Acad. Sci. USA 80 : 5699-5703 (1983);-i"he 60.3 ceUs 
described by Beatty et al. J. lmmunol. 131 : 2913- so 
2918 (1983), the 1"$1/18 cells described by Sanchez
Madrid et al., J. Exp. Med. 158: 1785".1803 (1983), 
and other anti-CD18 or C011monoclonal antibodies 
and hybrldomas as desaibed in leukocyte Typing Ill, 
Sprlnger-Verfag, New York (1988), using .standard ss 
methods Involving caUular solubDization with guanldi-
nium lsolhiocyanate (Chirgwlng et al., Biochem. 18: 
5294-5299 [1979)). The murlne 184 mMAb wlllbe 

6 

used as the primary example of animal MAb that can 
be •humanized• by the unique process being dis
closed. The Invention Is lritended to Include the con
version of any animal immunoglobulin to a human 
immunoglobulin. It is further Intended that human 
lmmunoglobulin (lg} can contain either kappa or 
lambda light chains or be one of any of the following 
heavy chain isotypes (alpha, delta, epislon, gamma 
and mu). Pairs of degenerate oligodeoxynucleolfde 
primers (Figure 1) representing sequences within 
framewolk 1 of the murine kappa light chain variable 
region and light chain constant domain, or those 
within framewolk 1 of the murlne lgG2a heavy chain 
variable region and heavy can constant CH1 domain 
are synthesized on an Applied Biosystem 381A DNA 
synthesizer, removed from the resin by treatment with 
concentrated NH,40H and desalted on a NAP-5 col
umn eluted with Hz<). Total RNA, about 2 119, Is 
reverse transcribed for about 30 min at about 42° C 
using Moloney MLV reverse transaiptase, about 200 
units (BRL), and about 10 pmoles of the constant reg
ion complementary strand primers for either the heavy 
or light chain. The reverse transcrlptase Is heat Inac
tivated, about 95° C for about 5 min, and the reacUons 
are made to contain in about 100 µI of PCR buffer 
about 50 prnoles of each of the paired primers and 
and 25 units of Taq polymerase. About 45 cycles of 
amplification (2', 94 °c ; 2', 55°C ; 2' 72°C) are fol
lowed by gel purification of the anticipated 400+ base 
pair (bp} DNA fragments (Figure 2). Prior to subclon
ing those DNAs into a blunt-ended intermediate plas
mid such as pSP72 (Promega) they are tennlnally 
phosphorylated using T 4 polynucleotlde kinase. Fro
zen competent E. coli were thawed on Ice and 100 Jd 
aliquots were distributed Into wet lee chDled polyp
ropylene tubes. DNA (1-10 ng) from the ligation mixt
ure wsa dispensed with aggltation Into these tubes 
and incubated on ice was continued for 30 minutes. 
The E. coli cells were heat-shocked by Incubation at 
42°Cfor 45 seconds, then chilled for 2 minutes on ice. 
Room temperature S.O.C. (Hanahan, D., J.Mol. Biol. 
166: 557, 1983) was added and the cultures were 
shaken at 225 RPM at 37° C for 60 minutes. Aliquots 
of the cultures were spread on LB agar plates contain
ing 10011g/mL amplclllln and these plates were Incu
bated overnight at 37° C ID allow for colony growth. 
Multiple clones representing these PCR amplified 
sequences are grown and submitted to DNA sequ
ence detenninations using Sequenase® and T7 and 
SP6 specific sequencing primers. A unique DNA 
sequence representing a murlne lgG2a heavy chain 
variable region is obtained, but two kappa light chain 
variable regions are represented within the cloned 
population (Figure 3). To distinguish which sequence 
belongs to the 184 mMAb, the 1 B4 mMAb is reduced 
with dithiothreitol (DTT) and purified heavy and light 
chains are subjected to N-termlnal amino acid 
sequencing using the Applied Biosystems 477Asequ-
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encer. Tryptic and cyanogen bromide digested pep
tides are also sequenced. · 

Replacement of human variable region CDRs 
with those unique to mMAb 184 ls accomplished ubll-
zlng the following unique processes. An appropriate s 
human framework Is determined utilizing the criteria 
discussed above. A light chain variable region 
framework such as the REI framework (Orlandi, etal., 
Proc. Natl. Acad. ScL USA 86 : 3833-3837 [1989) ; 
Rlechmann et al., Nature 332 : 323-327 (1988] ; Euro- 10 

pean Patnet Application, Publication No. 239,400), 
with Its leader and 3' intronlc sequences, is subcloned 
Into the intennedlate vector pGEM3Z (Promega). 
About eight ollgodeoxynucleotide primers (Figure 4) 
are synthesized representing the primers necessary 1s 
to generate by polymerase chain reaction (PCR) 
amplification four DNA fragments~ Incorporated Into 
an but the terminal ollgodeoxynucleotlde primers were 
those sequences corresponding to MAb 184 light 
chain CDRs and at least 15 bases of 5'--termlnal 20 

complemenlarlty (see Figure 5). The appropriate 
primer pair, about 50 pmole each, was combined with 
about 10 ng of plasmid DNA representing the REI 
framework, about 2.5 units of Taq DNA polymerase 
and about thirty (30) cycles of PCR amplification 25 

ensued (cycle periods, as above). The products of the 
four reactions, purified by agarose gel 
electrophoresis, are combined, about 10 ng of each 
DNA fragment, along with terminal ollgodeoxynuc-
leotlde primers (Figure 4) and Taq DNA polymerase 30 

and the combined fragments were PCR amplified 
(see Figure 5). Following restriction endonuclease 
digestion willi'Hlndlll and Xbal the ampllfled ONA Is 
purified by agarose gel electrophoresis and sub-
cloned Into compatible sites of an lntennedlate vector 35 

pSP72 (Promega) which contains the human kappa 
light chain constant region {see Figure 6). Genomic 
DNA. about 1 µg, purified from a human B cell line 
(GM01 OBA : NIGMS Human Genetic Mutant Cell 
Repository, Institute for Medical Research, Camden, 4D 

NJ) Is used as a template for PCR amplification {Fig-
ura 7) of about a 920 base pair fragment containing 
the splice acceptorfor the kappa light chain constant 
domain, the axon and a portion of Its 3'-untranslated 
region. The PCR product Is purified by egarose gel 45 

electrophoresis, digested with BamH1 endonudease, 
and subcloned Into pSP72 previously linearized with 
BamH1. The Individual clones representing the 
pSP72 intermediate vector containing both the 1 B4 
grafted variable region derived from REI and the so 
human kappa constant region derived by PCR ampli
fication of human DNA are used to determine the DNA 
sequence of the grafted tight chain variable region. 

The chlmaerlc heavy chain portion of the recom-
binant antibody Is derived from the murine 1 B4 heavy 65 

chain variable ,egion fused to the human constant 
region of a gamma 4 subtype obtained from a lambda 
library constructed by Flanagan and Rabbits, Nature 

7 

300 : 709-713 {1982). The variable region of the 
chimaeric heavy chain is constructed from three DNA 
fragments representing a signal sequence, a potion of 
the murine heavy chain variable region, and an inlro
nic sequence {Figure 8). Ollgodeoxynucleotide primer 
pairs {Figure 9) are synthesized representing the 
primers necessary to generate by PCR amplification 
these three DNA fragments from about 1 O ng of plas
m Id DNA templates obtained from M13VHPCR1 
(Orlandi et al., Proc. NaU. Acad. Sci. USA 88 : 3833-
3837 [1989D or the pSP72 lntennedlate vector con
taining · the lgG2a heavy chain variable region 
previously used to detennlne the murlne 1B4 CDR 
sequence. Amplification of the signal fragment, ~ 
able region fragment and lnbon-contalnlng fragment 
was as described above. The agarose gel purified 
products are coiribined, about 10 ng of each product, 
with tennlnal ollgodeoxynucleotlde primer pairs (Fig
ure 9) and the PCR-generated In vitro recombined 
template is amplified using the standard proc:edures 
desaibed above. Prior to subdonlrig Into a Bglll and 
BamHI digested lntennedlate vector pSP72 this 
recombined product is similarly digested and agaroae 
gel purified. Individual clones are submitted to DNA 
sequence detennlnatlon using Sequenase® and T7 
and SPS specific sequencing primers and one Is cho
sen (p8950) for subsequent expression. 

The gamma 4 heavy chain constant19gion is sub
cloned as about a 6. 7 Kb Hlndlll fragment derived 
from the plasmid pA T84 (Flanagan and Rabbilts. Nat
ure 300: 709-713 [1982]) Into the Hind Ill site of the 
lntennecfiate vector pSP72. This plasmid Is then used 
as the template DNA from which a shortened version 
of the gamma 4 constant region Is subdoned using 
PCR .amplification and the primer pelrs Indicated In 
Figure 7. Eukaryotlc expression vectors are construe> 
ted as desaibed below. Expression vectors are 
defined herein as DNA sequences that are required 
for the transcription of cloned copies of genes and the 
translation 'of their mRNAs in an appropriate host 
Such vectors can be used to express eukaryotlc 
genes in a variety of hosts such as bacteria, blue
green algae, plant cells, yeast cells, Insect cells and 
animal cells. The immunoglobulins may also be exp
ressed in a number of virus systems. Speclf1C8lly 
designed vectors allow the shuttling of DNA between 
hosts such as bacteria-yeast or bacteria-animal cells. 
An appropriately constructed expression vector 
should contain : an origin of rapllcatlon for autonom
ous repllcation In host cells, selectable markers, a 
limited number of useful restriction enzyme sites, a 
potential for high copy number, and strong promoters. 
A promoter Is defined as a DNA sequence that directs 
RNA polymerase to bind to DNA and Initiate RNA 
synthesis. A sbong promoter Is one which causes 
mRNAs to be Initiated at high frequency. Expression 
vectors may include, but are not limited to, cloning 
vectors, modified cloning vectors, specifically desig-
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ned plasmids or viruses. The heavy chain lmmunog
lobulin molecule Is transcribed from a plasmid cany
lng the neomycin (6418) resistance marker whBe the 
light chain immunoglobulln Is transcribed from a plas-
mid carrying the hygromycin B resistance marker. 5 

With the exception of the drug resistance portion of 
these plasmids they are Identical. 

The preferred progenitor of the lmmunoglobufin 
expression vectors Is the pD5 (Berkner and Sharp, 
Nud. Acids Res. 13 : 841-857 [1985J) eukaryotfc exp- 10 

resslon vector which contains the origin of adenovlrus 
repllcation, the SV40 enhancer domain, the adenovi-
rus major late promoter, the adenovirus 2 tripartite 
leader, a 5' splice donor from the adenovlrus third 
leader and a 3' splice acceptor derived from an 15 

lmmunoglobulln locus, a multiple cloning site placed 
In the Barn H1 site subsequent to receipt of the vector, 
and the SV40 late polyadenylatlon signal (Figure 10). 
The origin of replication Is removed by digestion with 
Eco R1 and Kpnl and replaced by two fragments rep- 20 

resenting the neo selectable marker gene (derived 
from plasmid pCMVIE-AK1-0HFR as an Eco R1/Bam 
H1 about 1.8 Kb fragment) and the lg heavy chain 
enhancer (obtained as a PCR amplified fragment 
using human ONA as the template, and the 25 

oligodeoxynucleotides listed In Figure 7 as the primer 
pair, following Its digestion with Bgl II and Kpn I). The 
resultant expression vector is found to lack a small 
portion of the TI< promoter responsible for the tran-
scription of the neomycin gene. This Is replaced by 30 

Insertion into the EcoRI site of about a 0.14kb PCR 
amplified fragment derived from the CMVIE-AK1-
DHFR DNA using the primer pair listed In Figure 7. 
The resultant heavy chain expression vector (p8941) 
is modified by removal of the Indicated Hlndlll and · 35 

Xbal sites using standard procedures. To convert this 
vector Into one expressing the hygromycin B select-
able marker the neomycin-resistance cassette Is 
removed by digestion first with Eco R1 foliowed by 
DNA polymerase-directed fill In of the 5' overhang, 40 

then subsequent Sall digestion. The about 1.9 kb hyg
romycln B expression cassett ,TIC promoter and Tl( 

polyadenylatlon signal flanking the hygromycin B 
gene, (obtained as a 1.8 kb BamH1 fragment In plas-
mid pl690, Gritz and Davies, Gene 25: 179-188 45 

[1981D is removed from the plasmid pAL-2 by 8am H1 
digestion and subcloned Into the BamH1 site of the 
lntennedlata vector pSP72. The hygromycin B cas-
sette Is removed from this vector by digestion with 
Smal and Sall and doned into the expression vector so 
linearized as described above to aeate a blunt end 
and Sall end DNA fragment 

Expression of the 184 CDR-grafted kappa right 
chain is accomplished by transfening this clslron from 
the pSP72-based lntannediate cloning vector (p8952) 55 

to the hygromycin B selectable eukaryotic expression 
vector (see Figure 6). An about 1.5 kb DNA fragment 
resulting from the endonuclease digestion of p8952 

8 

with Spe I and Cla I Is purified by agarose gel 
electrophoresis and ligated Into the expression vector 
which has previously been linearized, followlng diges
tion with the same two restriction enzymes, and agar
ose gel purified. The heavy chain eukaryotic 
expression vector Is constructed In two steps (see 
Figure 11). First, the p8950 vector containing the · 
modified heavy chain variable region of murine 184 
Kb fragment Is digested with Bgl II and Barn H1. The 
agarose gel purified 0. 75 kb fragment Is ligated Into 
the BamH1 site of the p8941 vector and recombinant 
clones containing this fragment in the proper orien
tation are Identified. Plasmid DNA from one such 
clone Is linearized by Barn H1 digestion and ligated 
with a 1. 78 Kb BamH1 fragment representing a short 
version of the human gamma 4 constant region, 
derived from plasmid pA T84 by PCR amplification. 
Following the Identification of dones containing these 
inserts in the appropriate orientation, plasmid DNAs 
(one which Is referred to as p8953} are grown and 
purified for transfectlon into recipient mammaUan 
cells. Host cells for the expression of humanized 
monoclonal antibodies include, but ere not limited to, 
human cells such as 293 ceDs, monkey cells such as 
COS-7 and CV-1P, and other mammalian cells such 
as CHO and NSO. 

Equal amounts. about 10 µg, of the plasmids 
encoding the chimeric lgG4 heavy chain and the 184 
CDR-grafted kappa light chain are transfected by 
slandard calcium phosphate precipitation procedures 
Into human 293 cells, and the monkey cells COS-7 
and CV-1P. The culture supemants are assayed by a 
trapping Elisa (described below) for the seaetlon of 
human lgG4/kappa lmmunoglobulin. This Elisa assay 
Is also employed for the quantltation of the amounts 
of a humanized 184 recombinant antibody expressed 
in conditioned mammalian cell growth medium. 

lmmulon-2 (Dynatech Labs.) 96-well plates are 
coated overnight with about a 5 µg/ml solution of 
mouse anti-human kappa chain constant domain 
monoclonal antibody (cat. #MC009, The Binding Site, 
Inc .• San Diego, CA) In about 0.1 M NaHC~ buffer 
(pH 8.2) at about 4°C, and blocked with about 1% 
bovine serum (BSA) In about 0.1M NaHC~ for about 
1 h at about 25° C. After this and aD subsequent steps, 
washing was perfonned with phosphate buffered 
saline (PBS). The wells are then inoculated with con
ditioned medium containing recombinant antl-CD18 
antibody, or with predetermined quantities of human 
fgG4/kappa purified by protein A Sepharose (Phar
macia Fine Chemiccals) chromatography from human 
lgG4 myeloma serum (cat# BP026,The Binding Site, 
Inc.} All samples are diluted In PBS containing about 
0.05% Tween-20. About 100 l,ll aliquots are Incubated 
for about 1h at about 37°C In tripUcate, and standard 
calibration curves are constructed using lgG4 con
centrations ranging from about 10 ng/ml to about 100 
ng/ml. Bound and fully assembled human lgG4 (either 
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native or recombinant 184-human lgG4 consfructs) 
are detected with about 100 µI aliquots of a 1 :500 
dDutlon of mouse an•human lgG4 Fe monoclonal 
antibody conjugated to alkallne phosphatase (cat 
#05-3822, Zymed Laboratories, Inc.) in phosphate s 
buffered saline (PBS} containing about 1% BSA. After 
Incubation for about 1 hat about 37°C and subsequent 
washing, the quantities of bound conjugate are detec-
ted by Incubating aU samples with a 1 mg/ml solution 
of p-nltrophenyl phosphate in 0.1 M 2,2'amlno-me- 10 

thyl-propanedlol buffer, pH 10.3, for about 30 mln at 
. about 25°C. The adsorbance of the wells Is deter
mined with a UV Max ELISA plate reeder (Molecular 
Devices) setat405 nm. All supernatant fluids from the 
transfected cells are found to contain this immunog- 16 

lobulln, though In various amounts (Figure 12). The 
antibody secreted by the transfected 293 cells Is Iso-
lated by protein A chromatography and the the con
centration of recombinant huma·n anlf-C018 
antibodies detennlned by the trapping Biss described 20 

above, are used to compete with the binding of 
radlolabeled murine 184 to the CD18 ligand on the 
surface of activated human PMNs. Affinities of vari-

. ous recombinant human antl-CD18 (r-h-antl-CD18) 
antibody constructs are determined using a competi- 2s 
tlve 1251-184 soluble binding assay with stimulated 

· human polymorphonuclear leukocytes (PMNs). Puri
fied murine anti-CD18 monoclonal antibody (50 ug) is 
Iodinated using chloramlne-T (Hunter and Green-
wood, Nature 194: 495-496, 1962), and the 30 

radlolabeled antibody purified using a Bio-SD TSK250 
(Blorad) gel filtration HPLC column {which fraction-
ates proteins -In the range of 1-300 x 103 daltons) 
equDlbrated In 0.1 M phosphate buffer, pH 7 .0. 
Effluent radioactivity is monitored with an In-line 35 

detector (Beckman Model 170; Beckman) and total 
protein measured at ODac, with a Kratos Spectroflow 
757 detector (Kratos). A single 1261-184 peak com
posed of coincident OD280 and radioactivity tracings 
characteristically elutes about 6 minutes, 30 seconds 40 

following sample Injection. Specific activity of the pro-
duct Is generally about 10 µCi/µg protein, and 97 -99% 
of the counts are precipitable with 10% trichloroacetic 
acid. The binding of this radiolabeled antibody Is 
assessed on human PMNs purified on a discontinu- 45 

ous Rcoll/Hypaque gradient (English and Anderson, 
J. lmmunol. Methods 5 : 249-255, 1974) and activated 
with about 100 ng/ml phorbol myrlstate acetate for 
about20minutesatabout37°C(Loetal.,J. Exp. Med. 
169: 1779-1793, 1989). To determine the avidity of 60 

antibodies for CD18 molecules on the PMN surface, 
about 1 x 1 OS activated PMNs are Incubated in a buffer 
such as Hanks balanced salt solution containing 
about 20 mM Hepes (pH 7.2), about0.14 units aprotl-
nln (Sigma Chemical Co.) and about 2% human 66 
serum albumin (binding buffer) containing about 1.3 
ng 1251-184 (2.8 x 10-11 M) in the presence of lncraas- , 
Ing concentrations of unlabeled 184 antibody (about 

9 

10-1 to 10-1& M) in about a 300 µI reaction volume for 
about 1 hat about 4°C with constant agitation. Cell 
bound 184 Is separated from the unbound antibody 
by centrifugation through a 0.5M sucrose cushion 
(4,800 X g, 3 minutes) ; the tubes are frozen Qn dry ice, 
and the tips cut off and counted with an UCB gamma 
counter. The IC50 of the antl-CD18 antibody for the 
Inhibition of 1251-184 antibody binding Is calculated 
using a four parameter fitter program {Rodbard et al., 
In, "Radloimmunoassay and Related Procedures In 
Medicine•, International Atomic Energy Agency, 
VleMa, vol I, 469- 504, 1978). The affinity of the~ 
ous recombinant humanized antl-CD18 (r-h-antj;. 
CD18) antibodies for the CD18 ligand Is detennlned 
in a simllar manner using murine 12&f-184 antibody 
and Increasing quantities, as determined by the trap
ping Ellsa, of unlabeled r-h-antlCD18. The results of 
the binding assays are shown In Rgure 13 and Indi
cate that the avidity of the chlmaeric heavy 
chain/grafted light chain recombinant 184 antibody Is 
approximately that of the murlne 184 monoclonal an• 
body. 

The results described above show that an anti
body with human lsotype may be recomblnanlly exp
ressed following the transfer of the antigen binding 
domains from a first animal (rnurine) light chain 
framework to a second animal (human) light chain 
framework one fused with a human kappa constant 
region, when combined with a chimaeric heavy chain 
(murlne heavy chain variable region fused to a human 
gamma 4 constant domain) without loss In avidity for 
the antigen. It can be Inferred from this result that the 
human REI light chain framework region does not 
alter the presentation of the murine 184 light chain 
CDRs and/or the contribution of the light chain CDRs 

· to the antibody's avidity Is minimal. Many of the ex~ 
pies of construction of recombinant human antibodies 
containing complementarity regions replaced by 
those found within murine monoclonal antibodies 
have resulted In loss of avidity for the ligand or anti
gen. Thus, although these transmutations are poss
ible, ·the successful! maintenance of avidity Is not 
assured. The procedures described below demon
strate that when strict attention is payed to the 
framework regions, CDR domains may be transferred 
to those frameworks without the loss of avidity which 
accompanies their transfer to the •generic" 
frameworks employed by Winter, European Patent 
Publication No. 239.400, published September 30, 
1967. 

To Identify human framework sequences compat
ible with the CDRs of, say, murine 184, human 
frameworks with a high degree of sequence similarity 
to those of inurine 184 were Identified. Sequence 
similarity was measured using Identical residues as 
well as evolutlonarlly conse1Vative amino acid sub
stitutions. Similarity searches were perfonned using 
the murine 184 framework sequence from which the 
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COR sequences had been removed. This sequence 
was used to query a database of human immunoglo
bln sequences that had been derived from multiple 
sources. Sequences with a high degree of sequence 
similarity were examined Individually for their poten- 5 

tlal as humanizing framework sequences. Special 
attention must be given to those framework residues 
which are n~t located or exposed on the surface of the 
antibody since these residues will play a critical role 
in the packing of the COR supporting scaffolding. In 10 

this way, the human homologue providing the murine 
CDRs with the structure most similar to their native 
murine framework was selected for subsequent con
struction of the humanized viable region (see Figure 
14). ltshould be noted thatln the present invention the 15 

heavy and light chain framework sequences chosen 
for grafting need not be derived from the same human 
anbbody. That Is to say, using the above mentioned 
criteria for choosing human frameworks the entire 
accumulated human nudelc acid and protein datab- 20 

ases may be searched for the desired matching sequ
ences. The Ideal light chain framework may come 
from one lmmunoglobln sequence while the heavy 
chain framework may come from another. Should 
human frameworks of sufficient similarity not be iden- 2s 

tifiable from compiled sequences, It Is possible lo Iso-
late from human genomic ONA a group of closely 
related variable regions using recombinant technol-
ogy. Thus. a degenerate 5'upstream oligodeoxynuc-
leotide primer may be designed from the conserved 30 

sequences within the amino-tennlnus · of each of the 
various human .f:~1 regions and paired with a degen-
erate 3' downstream ollgodeoxynucleotlde primer 
fashioned from the FR3 sequence detennined from 
the murtne monoclonal whose CDRs one wishes to 35 

transfer into a human context. These primer pairs are 
then used to PCRampllfy from a human genomic tem-
plate those DNA sequences which are flanked by the 
primer pair. The resulting DNAs may then be cloned 
and the DNA sequence derived from individual mem- 40 

hers wiD describe various murine-related human vari-
able regions. The paucity of somatic mutations in 
framework residues and the conservation of amino 
acid sequence between mouse and man make this 
approach possible. 45 

The construction of a complete recombinant 
human lgG4 antibody, whose heavy and light chain 
variable domains contain the CDR residues of the 
murlne monoclonal antibody, with complete retention 
of the specificity and avidity of the parent murlne 50 

monoclonar antibody Is disclosed. The construction of 
the CDR-grafted light chain framework derived from 
the human sequence of REI fused with a human 
kappa light chain constant region Is described above. 

The murlne variable region framework sequence, 65 

devoid of CDR sequences, Is used lo query a datab-
ase of complete human variable region sequences. 
The human sequences that are most simDar to the 

10 

murlne framework region are then analyzed individu
ally to detennine both their sequence Identity and 
slmnarity to the murlne framework region. In the case 
of murine 184 these sequences include, but are not 
limited to, Gal and Jon, chosen because of their high 
degrees of both similarity and Identity with the murine 
184 heavy chain sequence. The Gal FR has been 
shown to be 85% similar and 79% Identical to murlne 
184, while the Jon FR has been shown to be 88% 
similar and 75% Identical lo 184. These values are 
based upon the Dayhoff similarity matrix of evolutio
narily conserved amino acid substlluttons (R M. 
Schwartz, M. O. Dayhoff, In Atlas of Protein sequence 
and structure M. 0. Dayhoff, Eds. (National Biomedi
cal Research Foundation, Washington, DC [19791) 
(see Figura 14). To prepare a recombinant DNA 
encoding the murlne heavy chain CDRs in the context 
of each of these frameworks the following procedures 
are perfonned. 

Two sets of four long oligodeoxynucleotldes are 
synthesized. When each set Is combined, they 
encode the 1 B4 heavy chain CDRs and the chosen 
human heary chain variable region framework. The 
four oligodeoxynucleotides of a set, about 1 pmole of 
each, are combined In a PCR reaction with Taq 
polymerase and about 50 pmoles of each terminal 
amplifying ollgodeoxynucleotlde (Figure 15, Figure 
16). By virtue ofthe complementary ends of the sin
gle-stranded ollgodeoxynucleotldes, the polymerl
zation-denaturatlon-polymerizatlon cycles of the 
polymerase chain reaction result in the fonnation, and 
subsequent amplification, of the combined sequ
ences. Following about 25 cycles of amplification the 
combined 0.4 Kb fragment Is electrophoratlcally puri
fied from an agarose gel. In parallel, two DNA frag
ments representing amino terminal sequences 
encoding the signal peptide and carboxy. tenninal 
sequences encoding framework 4, splice donor, and 
intronic sequences are amplified using 
ollgodeoxynucleotlde primer pairs (Figure 15) and the 
NEWM containing plasmid DNA template M-
13VHPCR1 (described above). These two l'ragments 
are agarose gel purlfled, as above, and about 10 ng 
of each is combined with about 10 ng of the amplified 
grafted variable region fragment. Taq polymerase, 
about 50 pmoles of each of the terminal primers {Fig
ure 15) and the mixture was PCR amplified. The resul
tant 0.85 Kb fragment Is digested with restriction 
enzymes Spe I and BamH1. Followlng agarose gel 
electrophoresis, the purlfled DNA fragment is ligated 
Into the heavy chain expression vector, p8958 (see 
Figure 11), In place of the chimaeric variable region. 
In this way, two unique heavy chain frameworks con
taining the grafted murine CDRs (Jon/184 and 
Gal/184) are constructed. Each fully grafted heavy 
chain expression vector plasmid is co-transfected 
with the fully grafted REl/184 light chain expression 
vector plasmid Into 293 cells and the recombinant 
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human antibody is present in conditioned medium. 
The Gal/1B4 :REl/1B4 heterodlmerlc human (fully 
humanized) recombinant antibody Is Isolated by pro
tein A chromatography. The avidity of this antibody for 
the CD18 llgand displayed on the surface of activated 5 
human PMNs Is compared with that of the 
chlmaeric/grafted antibody, described above, and the 
1 B4 murine monoclonal antibody parent. Figure 20 
shows that although each heten:rdlmeric antibody 
contains the same set of six CDRs, they do not exhibit 10 

identical avidity for the ligand. Thus, the avidity of an 
antibody molecule relies upon the variable region 
framework &lructure in which the CDRs are presen-
ted. The parent murlne monoclonal antibody demon-
strates an IC50 of about 0.5 nM while the Gal/Rel 15 

hetarodimer has an I~ of about 1.6 nM. 
To determine the relative contribution of the 

heavy and llght chain variable regions to the enh
anced avidity of the Gal/REI grafted hetero-dimer, 
second light chain and heavy chain frameworks were 20 

conslructed containing the 1B4 CCR sequences. 
These frameworks, termed Len and mutant Gal or 
Gal-M1 were chosen from the human lmmunoglobulln 
database by virtue of their high degree of similarity to 
the light chain FR and heavy chain FR of murlne 1 B4 2s 

(Figure 14). The Len FR shows a similarity of90% and 
an identity of 81% when compared to murlne 184. The 
resulting recombinant antibodies which specifically · 
bind to CD18 antigen or receptor are termed recom-
binant human antl-CD18 antibodies (r-h-antl-CD18 3(J 

Abs). 
This Invention further relates to a method of 

inhibiting the influx or migration ofleukocytes capable 
of expressing CD18 antigen (leukocyte lntegrin, beta-
2 subunit) on their surface Into a site of Inflammation 35 

or a tissue area or organ that will become Inflamed fol- . 
lowing an Influx of the cells. The Inflammation which 
Is the target of the method of the present Invention 
may result from an infection with pathogenic microor-
ganisms such as gram-positive and gram-negative. 4o 

bacteria, parasites and fungi. The response may also 
be induced by viruses and non-Infectious means such 
as trauma or reperfuslon following myocardial infarc-
tion or stroke, immune responses to foreign antigen 
and autoimmune responses. 45 

The recombinant human antl-CD18 antibodies 
are useful In the treatment of Inflammation in lung, 
.central nervous system, kidney, joints, endocardlum, 
pericardium, eyes, ears, skin, gastrointestinal tract 
and urogenital system. Disease states In which the 50 
recombinant human antl-CD18 antibodies are useful 
as therapeutic agents Include, but are not limited to : 
Infectious diseases where active Infection exists at 
any body site, such as meningitis ; conditions such as 
chronic or acute secondary inflammations caused by ss 
antigen deposition ; and other conditions such as, 
encephalitis ; arthritis ; uveltls ; colitis ; 
glomerulonephrltls; dermatitis; psoriasis; and res-

11 

plratory distress syndrome associated with sepsis 
and/or trama. Other lnffamrnalOry diseases which 
may be responsive to recombinant human anti-CD18 
antibody include, but are not limited IO, tnunune dis
orders and conditions Involving T-cell and/or 
macrophage attachmenUrecognltion, such as acute 
and delayed hypersensitivity, graft va. host disease ; 
primary auto-Immune conditions such as pernicious 
anemia ; infection related auto-Immune conditions 
such as Type I diabetes mellitis ; flares during 
rheumalOld arthritis ; diseases that involve leukocyte 
dlapedesis, such as multiple sclerosis ; antlge~ntl
body complex mediated diseases Including certain of 
the secondary Infection states listed above ; 
immunosuppresslon ; and transplant rejection. 
Inflammatory conditions due to toxic shock or trauma 
such as adult respiratory dlstrass syndrome and 
reperfusion Injury ; and disease states due to leuko
cyte dyscraslas and metastasis, are Included within 
the scope of this Invention. 

The present invention Is also· applicable to the 
inhibition of leukocyte-endothelial attachment for 
diagnostic and therapeutic purposes ; such as the Iat
rogenic opening of the endothelium to prevent the 
ingress of leukocytes during the Ingress of a dye or 
Image enhancer Into tissue, or to allow the salectlve 
entry of a therapeutic drug In the Instance of chemo
therapy ; or to enhance the harvesting of leukocytes 
from patients. 

Recombinant human antl-CD18 antibodies or an 
active fragment thereof can be used IO treat the above 
mentioned diseases. An active fragment wm Include 
the F(ab12, the Fab and any other fragment that can 
bind to the CD18 antigen. Recombinant human antl
CD18 antibodies can be administered alone for non
infectious disease states or combined with antibiotics 
or other anti-Infective agenls for the treatment of 
Infectious diseases for reasons discussed above. 
Administration wUI generally Include the antibodies 
and other substance In a physlologlcally acceptable 
medium or pharmaceutical carrier. Such physiologi
cally acceptable media or phamaceutlcal _carriers 
include, but are not limited to, physiological saline, 
phosphate buffered saline, phosphate buffered saline 
glucose, buffered saline and the like. The antibodies 
and any anti-infective agent will be administered by 
parenteral routes which Include Intravenous, 
Intramuscular, subcutaneous and lntrapenloneal 
Injection or delivery. 

The amount of the antibodies and the mixture in 
the dosage fonn is dependent upon the particular dis
ease state being treated. The amount of the ~ 
binant human antl-CD18 antibody utftlzed In a dosage 
fonn can range from about 1 to about 1,000 mg, with 
a range of from about 10 mg to about 100 mg being 
preferred. The antibodies can be administered daDy 
or less than dally as detannlned by the treating physJ
cian. 
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The foHowlng examples Illustrate the present 
Invention without, however, limiting the same thereto. 

EXAMPLE1 

Preparation of a Grafted/ Chimaeric Recombinant 
Antibody 

An antibody was produced in which the variable 

• 5 

domain of the light chain comprises the framework 10 

regions of a human light chain and the CDRs from a 
mouse fight chain, while the variable domain of the 
heavy chain Is derived entirely from the murlne heavy 
chain. The light chain framework regions were derived 
from human myeloma protein REI (Orlandi, et al., 1s 
Proc. Natt. Aced. Sci. USA 86 : 3833-3837 (1989] ; 
Rlechmann et al., Nature 332 : 323-327 [1988] ; Euro-
pean PatnetAppllcation, Publication No. 239,400) for 
which the crystallographic sbucture has been deter-
mined. The CDR sequences from the murine monoc- 20 

lonal antibody 184 which binds to CD18 (the beta 
subunit of the leukocyte integrln beta-2 family which 
lndudes : LFA-1, Mac-1, and p150.95) were derived 
as follows. The hybrldoma designated 1B4 which pro-
duces 184 monoclonal antibody was deposited under 25 

the Budapest Treaty at the International Depository 
Authority: American Type Culture Collection, 12301 
Parklawn Drive, RockvDle, MD, 20852. Viability was 
determined on June 6, 1989 and the hybrldoma was 
designated HB 10164. Previous experiments had so 
determined this antibody to be an lgG 2a with a kappa 
light chain (Wright et al., Proc. Natl. Acal. Sci. USA 80: 
5699-5703 [1983»:-- . -

Total RNA was extracted from the 184 myeloma 
cells using standard methods lnvoMng cellular solubi- 35 

llzatlon with guanidlnium isothiocyanate (Chirgwin et 
al., Blochem.18: 5294-5299 [1979D. Sets of degeri= 
erate ollgonucleotlde primers {Figure 1) representing 
sequences within framework 1 of the murine kappa 
light chain variable region and kappa light chain con- 40 

slant domain, or those within framework 1 of the 
murine lgG2a heavy chain variable region and heavy 
chain constant CH1 domain were synthesized by 
standard phosphoramidite procedures on an Applied 
Blosystem 381A DNA synthesizer. Removal of the 45 

oligodeoxynudeotides {ollgos) from the resin was 
accomplished by treatment with concentrated NH.OH 
followed by desalting on a NAP-5 column (Phannacla) 
with H20 elution (when the ollgos were <45 bases In 
length), or by use of an OPC column (Applied Biosys- 60 
tems Inc) with 20% acetonltrlle elution (when the 
ollgoswere >45 bases In length), as recommended by 
the manufacturers. Total RNA (2JSQ) was reversed 
transaibed for 30'at 42°C using Moloney MLV 
reverse transcriptase (200 units, BRL} and 10 pmoles 55 

of the constant region complementary strand primers 
representing either heavy or light chain In a buffer 
(final volume of 20 µI) containing 50 mM Tris HCI, pH 

12 

8.3, 75 mM KCI, 3 mM MgCl2, 10 mM OTT, and 20 
units of RNAsln (Phannacla). The reverse transcrip
tase was heat Inactivated (95°C, 5') and the reactions 
were made to contain In 100 µI of PCR buffer(10 mM 
Tris HCI, pH 8.3, 50 mM KCl, 1.5 mM MgCl2, O.o1% 
gelatin, 200 pM each dNTP), 50 pmoles of each of the 
paired primers, and 2.5 units ofTaq polymerase (Per
kin Bmer/Cetus). Polymerase chain reaction (PCR) 
amplification was carried out essentially as described 
by Saiki et al.,Science 230: 1350-1354 {1985) and 
others (Mullis et al., Cold Srplng· Harbor Symp. QuanL 
Biol. 51: 263-273 [1986], Dawasakl and Wang, PCR 
Technology, Prlncples and Applications for DNA 
Ampliflcatlon, Edlch, Ed., Stockton Press, NY, pp. 89-
97 (1989], Tung et al., ibid. pp; 99-104 [1989]). Forty 
five cycles of ampiification by a DNA Thermal Cycler 
(Perkin BmerCetus lnsbuments) (2', 94°C ;2', 55°C; 
2'72°C) were followed by gel purification of the antici
pated 400+ base pair (bp) DNA fragments (Figure 2). 
Prior to subclonlng the DNAs Into a blunt-ended Inter
mediate plasmid (pSP72, Promega} they were tennl
nally phosphorylated using T4 polynucleotlde kinase 
(Boehringer Mannheim). Frozen competent E. coll 
were thawed on Ice and 100 µI aliquots weredlstri
buted into wet ice chDled polypropylene tubes. DNA 
(1-1 o ng) from the ligation mixture was d'1Spensed with 
aggltatlon Into these tubes and the mixture was incu
bated on ice was for 30 minutes. The E. coll cells were 
heat-shocked by incubation at 42° C for 45 seconds, 
then chHled for 2 minutes on ice. Room temperature 
S.O.C. (Hanahan, D., J.Mol. Biol. 166: 557 (1983]) 
was added and the cultures were shaken at 225 RPM 
at 37° C for 60 minutes. Aliquots of the cultures were 
spread on LB agar plates containing 100 µg/ml 
ampicillin and these plates were incubated overnight 
at 37°C to allow for colony growth. 

Multiple clones representing these PCRamplified 
sequences were isolated form DH5 transfonned E. 
coli plated on LB agar plates containing 50 µg/ml 
ampicillin, grown by described procedures (Maniatis 
et al., Molecular Cloning, A Laboratory Manual, Cold 
Spring Harbor Laboratory, Cold Spring Harbor, NY, 
1982), plasmid DNAs were extracted from the bac
teria using the DNA preparation procedures of Blm
boin and Doly Nucleic Acid Res. 7: 1515 (1979), and 
the double-stranded plasmid DNAs were submitted to 
DNA sequence detennlnations using Sequenase® 
(United States Biochemicals) and T7 and SP6 speci
fic sequencing primers (Boehringer Mannheim) using 
the protocols recommended by the manufacturer. A 
unique DNA sequence representing a murlne lgG2a 
heavy chain variable region was obtained, but two 
kappa light chain variable regions were represented 
within the cloned population (Figure 3). To distinguish 
which sequence belonged to the 184 MAb, the 1B4 
MAb was reduced with OTT and. purified light chains 
were subjected to N-tennlnal amino acid sequencing 
using the Applied Biosystems 477A sequencer. 
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Although stretches of amino acid residues were Iden
tical to the mMAB 184 observed within the 184 light 
chaln-1 sequence predicted from the cDNA, 1 B4 llght 
chain -2 (Figure 25) was deemed to be the actual 
sequence of the MAb 184 llght chain. This Is consis- s 
tent with the detennined DNA sequence of the light 
chain-1 molecule (Figure 24) which suggests It repre
sents a murlne kappa light chain variable region of 
subgroup Ill containing a mutation In the CDR3/FR4 
region whose consequence is peptide chain termi- 10 

nation. · 
Replacement of the human REI variable region 

CDRs with those unique to MAb 184 took place as fol
lows. The REI framework (obtained as the RF form of 
the M13 vector M13VPKCR1, Orlandi !! !!_., Proc. 1s 
Natl. Acad. Sci. USA 86 : 3833 (1989), with its signal 
peptide leader and lntronlc sequences, was sub
cloned Into the lntennedlate vector pGEM3Z (Prom-
ega), as was the NEW or NEWM heavy chain variable 
region framework (obtained In the form of the M13 20 

vector M13VHPCR1, Orlandi et al., supra). Eight 
ofigodeoxynucleotldes (Agure 4) were synthesized 
representing the primers necessary to generate by 
PCR amplification four DNA fragments. Incorporated 
into all but the terminal oligodeoxynucleotldes were . 26 
those sequences corresponding to the mMAb 1 B4 
light chain CDRs and at least 15 bases of 5'-terminal 
complemenlarlty (see Figure 5). The appropriate 
primer pair (50 pmole each) was combined with 10 ng 
of REI framework-containing plasmid DNA, 2.5 units 30 

of Taq DNA polymerase, PCR reaction components 
and buffer, and thirty (30) cycles of PCR amplification 
ensued (cycle pe'liods, as above). The products of the 
four reactions, purified by agarose gel 
electrophoresis, were combined (10 ng of each DNA 35 

fragment) along with a tennlnal ollgodeoxynucleotlde 
primer pair (amplifier) (Figure 4), Taq DNA polymer-
ase, PCR reaction components and buffer, and the 
subsequent recombined fragments were amplified, as 
described above, for thirty cycles (see Agure 5). Fol- 40 

lowing resbictfon endonuclease digestion with Hindlll 
and Xbal the amplified DNA was purified from an 
agarose gel and subcloned Into these same sites of 
an lntennediate vector pSP72 (Promega) which con-
tained the human kappa light chain constant region, 45 

obtained as follows. DNA (1 µg) purified from a human 
8 cell line (GM01018A; NIGMS Human Genetic Mut-
ant Cell Repository, Institute for Medical Research, 
Camden, N.J. 08103) was used as a template for the 
ollgodeoxynucleotlde primers desaibed In Figure 7 to so 
PCR amplify a 920 base pair fragment containing the 
splice acceptor for the human kappa light chain con-
stant domain~ ttie exon and a portion of its 3'-untrans-
lated region (PCR primer pair choice was selected 
based on the kappa constant region sequence des- 55 

crlbed by Hleter et al., Cell 22: 197-20711980)). The 
PCR product was purified by . agarose gel 
electrophoresis, digested with BamH1 endonuclease, 

13 

and subcloned into pSP72 (Promega) previously 
linearized with BamH1. 

The Individual clones (p8982) representing the 
pSP72 lntennediate vector containing both the 184 
grafted light chain variable region derived from ·REI 
and the human kappa constant region derived by PCR 
amplificatiOn of human DNA were used to verify the 
DNA sequence of the grafted light chain variable reg
ion. The chlmaerlc heavy chain portion of the~ 
blnant antibody was derived from the murine 184 
heavy chain variable region fused to the human con
stant region of gamma 4 subtype obtained from a 
lambda library constructed by Flanagan~ Rabbitts, 
Nature 300 709-713 (1982). 

Thevariable region of the chlmaeric heavy chain 
was constructed from three DNA fragments repre
senting a signal sequence, a portion of the murine 
184 heavy chain variable region, and an lntronlc 
sequence (Figure 8). Ollgodeoxynucleotlde primer 
pairs (Figure 9) were synthesized representing the 
primers necessary to generate by PCR amplification 
these three DNA fragments from 10 ng of plasmid 
DNA template containing either the NEW heavy chain 
variable region (M13VHPCR1) or a pSP72 inter
mediate vector containing the lgG 2a heavy chain reg
Ion pravlously used to detennine the murine 184 CDR 
sequence. Amplificatlon of the 225 bp signal frag
ment, 350 bp variable region fragment, and 230 bp ln
tron-contalnlng fragment was perfonned as desatbed 
above. The agarose gel purified products were com
bined (10 ng of each product) with terminal primer 
pairs (Figure 9) and the PCR-generated In vitro 
recombined template was amplified using the stan
dard procedure described above for recombining the 
fragments comprising the 184 grafted REI light chain 
variable ragion. Prior to subdonlng Into a Bglll and 
BamHI digested lntennediate vector (pSP72) Prom
ega) this recombined product was similarly digested 
and agarose gel purified. DNA was obtained following 
growth of individual bacterial clones and submitted to 
DNA sequence determination using Sequenase® 
and T7 and SP6 specific sequencing primers In order 
to verify the sequence of the reconstructed variable 
region and its flanking domains. 

The gamma 4 heavy chain constant region was 
subcloned as a 6. 7 Kb Hlndlll fragment derived from 
the plasmid pAT84 (Flanagan and Rabbltts, supra) 
Into the Hind Ill site of the lntennediate vector pSP72 
(Promega). This plasmid (p894 7) was then used as 
the template DNA from which a shortened version of 
the gamma 4 constant region was obtained using the 
standard PCR amplification procedures described 
above and the primer pairs Indicated In Figure 7. 
Eukaryotic expression vectors were constructed as 
described below such that the heavy chain lmmunog
lobulin molecule was transcribed from a plasmid car
rying the neomycin (G418) (Rothstein and Reznlkoff, 
Cell 23: 191-199 [1981D resistance marker, while the 

BIOEPIS EX. 1002 
Page 2251



23 EP O 438 312 A2 24 

light chain immunoglobulln was transcribed from a 
plasmid carrying the hygromycin B resistance marker 
(Gritz and Davies, Gene 25: 179-188 [19831). With 
the exception of the drug resistance portion of these 
plasmids they are identical. s 

The progenitor of the lmmunoglobulin expression · 
vectors was the p05 eukaryotic expression vector 
(Berkner and Sharp, Nucl. Acids Res. 13: 841-857 
[1985]) which contained the origin of adenovirus rep-
lication, the SV40 enhancer domain, the adenovlrus 10 

major late promoter, the adenovlrus 2 bipartite leader, 
a 5' splice donor from the adenovlrus third leader and 
a 3' splice acceptor derived from an immunoglobulln 
locus, a multiple cloning site, and the SV40 late 
polyadenylation signal (Figure 10). The origin of rep- 15 

llcatlon was removed by digestion with Eco R1 and 
Kpnl and replaced by two fr:agments representing the 
neo selectable matker gene (derived from plasmid 
pCMVIE-AK1-DHFR (SHberklang et al., Modem 
Approaches to Animal Cell Technology.Ed. Spier et 20 

al., Butterworth, U.K, [1987]) as an Eco R1/Bam H1 
1.8 Kb fragment) and the lg heavy chain enhancer 
(obtained as a PCR amplified fragment using stan-
darct proceduresdesaibed above and human DNA as 
·the template ; the ollgonucleotide primer pair is listed 25 

In Figure 7) followlng Its digestion with Bgl II and Kpn 
I. The resultant expression vector was found to lack a 
small portion of the TK promoter responsible for the 
transaiption of the neomycin gene. This was replaced 
by Insertion Into the EcoRI site of a 0.14 kb PCR 30 

amplified fragment derived from the CMVIE-AK1-
DHFR DNA using.the primer pair also listed in Figure 
7. The resultant heavy chain expression vector was 
subsequently mo<fdled by removal of the Indicated 
Hlndlll and Xbal sites. To convert this neomycin 35 

. selectable vector (p8941) Into one expressing the 
hygromycln 8 selectable marker {p8942) (Figure 10) 
the neomycin-resistance cassette was removed by 
digestion fRSt with Eco R1 followed by ONA polyme-
rase-directed fiD In of the 5'overhang, then subse- 40 

quent Sall digestion. The 1.9 kb hygromycln B 
expression cassette [Tl< promoter and TK polyadeny-
latlon signal flanking the hygromycln B gene obtained 
from Gritz and Davies, Gene 25: 179-188 (1983), as 
the 1.9 kb 8amH1 fragment In plasmid (pLG90)] was 45 

removed from the plasmid pAL-2 by Barn H1 digestion 
and subdoned Into the BamH1 site of the lntennedlate 
vector pSP72 (Promega). The hygromycln B cassette 
was removed from this vector by digestion with Smal 
and Sall and cloned Into the expression vector so 
linearized as described above to create a blunt end 
and- Sall end DNA fragment. 

Expression of the 184 CDR-grafted kappa light 
chain was accomplished by transferring this clstron 
from its position within the pSP72 lntennedlate vector ss 
to the hygromycln B selectable eukaryotic expression 
vector (Figure 18). A 1.5 kb DNA fragment resulting 
from the endonuclease digestion of p8952 with Spal 

14 

and Clal was purified by agarose gel electrophoresis 
and ligated into the expression vector (p8942) which 
had previously been linearized, by digestion with the 
same two resbictlon enzymes and agarose gel puri
fied. 

The heavy chain eukaryotlc expression vector 
(p8958} was constructed In two steps (Figure 11). 
First, p8949 containing the modified heavy chain vari
able region of murine 1 B4 was digested with Bgl II and 
Barn H1. The agarose gel purlf1ed 0.8 kb fragment 
was ligated Into the BamH1 site of the p8941 vector 
and recombinanls containing this fragment In the pro
per orientation were identified. One such plasmid was 
linearized by BamH1 digestion and ligated wilh the 
1.8 Kb BamH1 fragment representing a short version 
of the human gamma 4 constant region derived from 
plasmid p8947 by PCR amplification as described 
above. Following the Identification of dones contain
ing these Inserts In the appropriate orientation plas
mid DNAs were grown (Maniatis et al., supra) and 
purified for transfectlon into recipient mammalian 
cells (Maniatis et al., supra; Blrblon.and Ooly, supra. 

_ Equal amounts (10pg) of the plasmids encoding 
the chimaeric 1gG4 heavy chain and the 1 B4 CDR
grafted kappa light chain were transfected by stan
darct calcium phosphate precipitation procedures into 
human 293 cells, and the monkey cells COS-7 and 
CV-1P. The culture supernatant fluids were assayed 
by a trapping Bise (descn'bed below) for the secretion 
of a human lgG4/kappa lmmunoglobulln. · 

An Elisa was developed for the quantitatlon of the 
amounts of a 1 B4 recombinant antibody expressed In 
conditioned mammalian cell growth medium. lmmu
lon-2 (Oynatech Labs.) 96-well plates are coated 
overnight with a 5 µg/ml solution of mouse anti-human 
kappa chain constant domain monoclonal antibody · 
(cat. #MC009, The Binding Site, Inc., San Diego, CA) 
in 0.1 M NaHC03 buffer (pH 8.2) at 4° C, and blocked 
with 1% bovine serum (BSA) in 0.1 M NaHC03 for 1 
h at 25° C. After this and all subsequent steps, wash
ing was perfonned with phosphate buffered saline 
(PBS). The wells are then Inoculated with conditioned 
medium containing recombinant antl-CD18 antibody, 
or with predetermined quantities of human lgG4/kap
pa purified by protein A Sepharose (Phannacla Fine 
Chemicals) chromatography from human lgG4 
myeloma serum (cat# BP026,The Binding Sile, Inc.) 
All samples are dDuted In PBS containing 0.05% 
Tween-20. 100 µI aliquots are incubated for 1 hat 37° 
C In biplicate, and standarct calibration curves are 
constructed using lgG4 concentrations ranging from 
10 ng/ml to 100 ng/ml. Bound and fully assembled 
human lgG4 (either native or recombinant 1B4-hu
man lgG4 constructs) is detected with 100 J,11 aliquots 
of a 1 :500 dilution of mouse anti-human lgG4 Fe 
monoclonal antibody conjugated to alkaline phos
phatase (cat #05-3822, Zymed Laboratories, Inc.) In 
phosphate buffered saline (PBS) containing 1% BSA. 
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After Incubation for 1h at 37°C and subsequent wash
ing, the quantities of bound conjugate are detected by 
incubating au samples with a 1 mg/ml solution of p-ni
lrophenyt phosphate in 0.1 M 2.2'amino-methyl-pro-
panediol buffer, pH 10.3, for 30 min at 25°C. The 5 

adsorbance of the wells is determined with a UV Max 
ELISA plate reader (Molecular Devices) set at 405 
nm. All supernatant fluids from the transfected cells 
are found to contain this lmmunoglobulln, though in 
various amounts (Figure 12). The antibody secreted 10 

by the transfected 293 cells Is concentrated by protein 
A chromatography and the concentrations of the 
recombinant human anti-CD18 antibodies deter
mined by the trapping 81sa described above, are . 
used to compete with the binding of radiolabeled 15 

murlne 184 to the C018 llgand on the surface of acti
vated human PMNs. Affinities of various r-h-anti
CD18 anUbody constructs are determined using a 
competitive 12111-184 soluble binding assay with stimu-
lated human polymorphonuclear leukocytes (PMNs). 20 
Purified murlne antl-C018 monoclonal antibody (50 
µg) Is Iodinated using . chloramlne-T (Hunter, W.M. 
and Greenwood, F.C., Nature 194: 491>496, 1962), 
and the radiolabeled antibody purified using a Bio-Sil 
TSK250 (Biorad, Richmond, CA) gel filtration HPLC 25 

column (which fractlonates proteins In the range of 1-
300 x 103 daltons) equDibrated In 0.1 M phosphate 
buffer, pH 7.0. Effluent radioactivity Is monitored with 
an In-line detector (Beckman Model 170; Beckman, 
Fullerton.CA) and total protein measured at Ol>ac, 30 

with a Kratos Spectroflow 757 detector (Kratos, 
Mahwah, N.J.). A single 1251.1 B4 peak composed of 
coincident 0Dac, and radioactivity tracings charao
terlsUcally elutes 6 minutes, 30 seconds following 
sample Injection. Specific activity of the product is 35 

. generally about 10 µCl/p.g protein, and 97-99% of the 
counts are precipitable with 10% trichloroacetic acid. 
The binding of this radiolabeled antibody Is assessed 
on human PMNs purified on a discontinuous 
Flcoll/Hypaque gradient (English and Anderson, J. 40 

lmmunol. Methods 5: 249-255, 1974) and activated 
with 100 mg/ml phorbol myristate for 20 minutes at 
37°C (Loetal., J. Exp. Med. 169: 1n9-1793, 1989). 
To determine the avidity of antibodies for C018 
molecules on the PMN surface, about 1 x 1 os acti- 45 

vated PMNs are incubated In a buffer such as Hanks 
balanced salt solution containing 20 mM Hepes (pH 
7 .2), 0.14 units aprotinln (Sigma Chemical Co.) and 
2% human serum albumin (binding buffer) containing 
1~3 ng 1251.194 (2.8 x 10-11 M) in the presence of so 
Increasing concentrations of unlabeled 184 antibody 
(10-7 to 1 o-1s M) In a 300 µI reaction volume for 1 h at 
4°C with conslant agitation. Cell bound 184 was 
separated fi'om the unbound antibody by centrifu-
gation through a 0.5M sucrose cushion (4,800 x g, 3 55 

minutes) ; the tubes ara frozen on dry Ice. and the tips 
cut off and counted with an LKB gamma counter. The 
IC111 of the anti-CD18 antibody for the Inhibition of 1251. 

15 

1 B4 antibody binding is calculated using a four par
ameter fitter program (Rodbard, Munson, and 
DeLean, In "Radioinmunoassay and Related Proced
ures in Medicine•, International Atomic Energy 
Agency, Vienna. vol I, 469 - 504, 1978). The affinity 
of the various r-h-anti-CD18 antibodies for the CD18 
ligand Is determined In a sinilar manner using rnurine 
1211.194 antibody and Increasing quantities, aa deter
mined by the trapping Elisa, of unlabeled r-tHlnti
CD18. The results of the binding assays ara shown In 
Figure 13 and indicate that the avidity of the chimeric 
heavy chain/grafted light chain recombinant 1 B4 anU
body (circles) Is approximately that of the murlne 1 B4 
monoclonal antibody {diamonds). 

EXAMPLE2 

Preparation of Fully Grafted Recombinant Human 
lgG4 Antibodies 

This example shows the production of recombin
ant human lgG4 antibodies. whose variable domains 
contain the CDR residues of the murlne monoclonal 
antibody 1 B4. The construction of the CDR-grafted 
light chain framework derived from the human sequ
ence of REI fused with a human kappa light chain con
stant region was described In the preceding example 
(Example 1). 

The 184-speclfic heayY chain component of the 
recombinant antibody was constructed from the lgG4 
heayY chain constant region, described In Example 1, 
fused to a pre-selected human heayY chain variable 
region framework sequence Into which the 1 B4 CDR 
residues were transplanted. The murlne 184 MAb 
m1 B4 heayY chain was first analyzed to detennine the 
precise position of the CDR sequences. These were 
detennined by visual comperlsons with the data sets 
found In Kabat, Wu, Reld-MBler, Perry, and Gottes
man, Sequences of proteins of /mmuno/oglcsl Inter
est. (US Dept Health and Human Services, Bethesda, 
MD, 1987). Once the boundaries of the CDRs were 
detennined these sequences were removed to leave 
the murine FRs alone. This sequence was then used 
to query the human immunoglobin database which 
was mainly derived from release 22 of the PIR datab
ase (George et al., Nucl. Acids Res. 14: 11-16 
(1986)). The sequence search was perfonned using 
the Profde search· system of the GCG sequence 
analysis package (Devereux et al., Nuc. Acids Res. 
12: 387-395 [19841). The mabix used for slmllarfl¥ 
comparisons was the Dayhoff evolutionary distance 
mabix (R. M. Schwartz, M. O. Dayhoff, inAtlasof Pto
tein sequence and structum M. 0. Dayhoff, Eds. 
(National Biomedical Research Foundation, 
Washington, DC, 1979)). Additlonnally, the Risler 
structural distance mab'lx (Risler et al., J. Mol. Blol. 
204: 1019-1029 [1988]) was used io generate the 
murine sequence profile, and the results of searches 
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with this query were considered with those generated 
using the Dayhoff matrix. Use of the profDe searching 
system also allowed the weighting of specific residues 
within the murine FR that were deemed important 
based on various criteria. The sequences that 
repeatedly showed the highest levels of sequence 
slmDarity In the database queries were then analyzed 
using a pairwise comparison to the FRs of murine 
184. The program Gap of the GCG package was used 
for this analysis, because it produces an exact meas
ure of both the sequence similarity and Identity shared 
between two sequences. This method was used to 
select the human sequences Gal and Jon, which 
shared a slmHarity of 85% and 88% and Identities of 
79% and 75% with murine 184, respectively (Figure 
14). To prepare a recombinant DNA representing the 
184 heavy chain CDRs within each of these 
frameworks the following procedures were _perfor-: 
med. 

Two sets of four long oligonucleotides were syn
thesized. When each set was combined, they 
encoded that portion of heavy chain corresponding to 
the murine 184 variable region present in the 
chlmaeric heavy chain expressed In Example I. The 
four ollgonucleotldes of each set (Figure 15, Figure 
16), 1 pmole of each, were combined in a standard 
PCR reaction with 2.5 units ofTaq polymerase and 50 
pmoles of each tennlnal amplifying ollgodesoxynuc
leotlde (Figure 15, Figure 16). By virtue of the com
plementary ends of the single-stranded 
ollgonucleotldes, the polymerization-denaturation
polymerization cycles of the polymerase chain reac
tion result in the-. formation, and subsequent 
amplification, of the combined sequences. Following 
25 cycles of ampllf1Catlon the combined 0.4 Kb frag
ment was electrophoretically purified and extracted 
from an agarose gel. In parallel, two DNA fragments 
representing amino terminal sequences encoding the 
signal peptide and carboxy tennlnal sequences 
encoding framework 4, splice donor, and lntronic 
sequences were amplified using oligodeoxynuc
leotlde primer pairs (Figure 15f and the M13VHPCR1 
plasmid DNA template described In example I. These 
two DNA fragments were purified by agarose gel 
electrophoresis, as above, and 10 ng of each was 
combined with 10 ng of the amplified variable region 
fragment, 2.5 units ofTaq polymerase, 50 pmoles of 
tennlnal primers (Figure 15) and the mixture was 
amplified by 25 cycles of PCR. The resultant 0.8 Kb 
fragment was digested with restriction enzymes Spe 
I and BamH1 (Gal) and Hind Ill and Bam H1 (Jon). Fol
lowing agarose gel electrophoresis, the purified DNA 
fragment was ligated Into the heavy chain expression 
vector, p8958, In place of the chlmaeric variable reg
Ion (Figure 11). In this way, two unique heavy chain 
frameworks containing grafted 184 CDRs (184/Jon 
and 1 B4/Gal) were constructed. Each fully grafted 
heavy chain expression vector plasmid was co-

transfected with the fuRy grafted 184/REI light chain 
expression vector (Example 1) plasmid Into 293 cells 
and the antibody present In conditioned medium was 
Isolated by protein A chromatography. The recombln-

s ant humanized 184 (h184) avidity of these two anti
bodies for the CD18 ligand displayed on the surface 
of activated human PMNs was compared with that of 
the chlmaeric:/grafted antibody described In Example 
I. Agure 20 shows that although each hetero-dlme-

10 rlc antibody contains the same set of six CDRs, they 
do not exhibitidentlcal avidity for the ligand. Thus, the 
biological properties of an antibody molecule (ie., Its 
avidity) rely signlficantiy on the variable region 
framework structure which support the CDR loops. 

· 15 To determine the relative contribution of the tight 
chain variable region to the enhanced avidity of the 
Gal/REI grafted hetero-<Jlmer a second light chain 
framework was constructed containing the 1 B4 CDR 
sequences. The light chain framework Len was lden-

20 tlfied as a donor framework sequence based upon its 
selection from the database. Len was Identified by 
using the murine 184 llght chain framework sequ
ence, with CDRs removed based upon visual ldentifi. 
cation of the CDRs when compared to Kabat (supra), 

25 to query the human lmmunoglobln database. The 
methodology of the query was slmHar to that des
cribed for the heavy chain FRs. Len was shown, by 
Gap analysis, to be 90% s!mDar and 81% identical to 
the murlne 184 light chain FR. Len was thought to be 

30 a better choice for grafting of the light chain CDRs 
than RB, based on Its higher levels of both similarity 
and Identity to 184 as compared to RB (82% slmll
arity and 65% Identity) (see Figure 14), A set of five 
long oligodeoxynucleotides (Figure 21) representing 

35 · the Lan llght chain framework with 184 specific CCR 
sequences and lntronlc sequences were synthesized 
using 2.5 units of Taq polymerase and 50 p moles of 
each tennlnal amplifying oligodeoxynucleotlde primer 
and combined by PCR, as described above for the 

40 Jon and Gal frameworks (Agure 22). Following 25 
cycles of amplification the combined 0.6 kb DNA frag
ment was purified by agarose gel electrophoresls. In 
parallel, a DNA fragment representing the amln~ter
minal signal peptide was amplified using a 

46 oligodeoxynucleotlde primer pair (Figure 21) and the 
M13VHPCR1 plasmid DNA template, as desaibed In 
Example 1. This fragment was also purified by agar
ose gel electrophoresis. These two DNA fragments 
are placed together, 10 ng of each, with 2.5 units of 

50 T aq polymerase, 50 p moles of terminal 
oligodeoxynucleotlde primers (Agure 21) and the 
entire mixture Is subjected to 25 cycles of PCR ampli
fication. The resultant 0.8 kb DNA fragment Is diges
ted with restriction enzymes Spe I and Xba I, purified 

55 following agarose gel electrophoresis, and Hgated Into 
the pSP72/REI 184 lntennedlate vector which Is 
digested with the same two restriction enzymes and 
etectrophoretically purified from Its liberated RE1/1B4 

16 
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variable region containing DNA fragment (see Figure 
23). The combined light chain variable region and 
kappa constant region within a sequence verified 
clone (p8967) Is excised by digestion with restriction 
enzymes Spe I and Cla I and this 1.5 kb agarose gel 
electrophoretlcally purified DNA fragment Is cloned 
Into the light chain expression vector p8953, after this 
latter plasmid Is electrophoretically purified from Its 
REl/184/kappa light chain Insert following digestion 
with botti Spe I and Cla I restriction enzymes. The fully 
CDR-grafted Gal/184 heavy chain expression vector 
and the fully CDR-grafted Len/184 or REl/184 lrght 
chain expression vector DNAs (10 ug each} are co
transfected Into 293 cells and the antibody present In 
conditioned medium 48 hours later Is Isolated by pro
tein A Sepharose chromatography. The avidity of 
these two recombinant antibodies for the CD18 ligand 
present on the surface of activated human PMNs is 
detennined end compared to that of the murine 184 
MAb (Figure 20). The differences between the two 
humanized 1B4 recombinant antibodies for the 
ligand, as measured by their IC&QS, ntvealed that a 
compalrson of p values between Gal/Rel and GaULen 
are statistically significant by the students umpaired t
tast but the standard deviations of both Mabs overlap 
{see Figure 20). Thus, although the Len light chain 
varleble region framework sequences, relative to the 
REI light chain frameworks, show more identical resi
dues and more slmDar residues when aligned to the 
murine 184 frameworks, this has llWe, If any, Impact 
on the antibody/antigen Interactions measured by avi
dity. Comparison of the presumed three dimensional 
structure of these lwo light chain variable regions (REI 
and Len) indicates that the alpha carbon trace of the 
184 CORs residing within these frameworks are 
superlmposable, again suggesting that the both 
frameworks Identically support the CDRs In space. 
Does the 184 heavy chain variable region play a gre
ater role In avidity of the antibody for Its ligand 7 To 
address this question, and also to investigate the role 
of a smaff number of heavy chain variable region 
framework sequences, modifications of the Gal/184 
fully grafted molecule are performed. 

Three residues within the heavy chain variable 
region of Gal/184 ant chosen to mutate such that they 
become Identical to their counterparts In the murine 
184 framework (see Figure 14). To accomplish the 
mutation of three well separated residues simul
taneously the following procedures are perfonned. 
Four ollgodeoxynucleotlde primer pairs (Figure 26) 
are synthesized which Incorporate the deoxynuc
leotlde alterations necessary to mutate the amino acid 
residues located In FR1, FR2, and FR4 of the Gal/184 
DNA template. In this instance, the polymerase chain 
reactions needed to produce four overlapping DNA 
fragments were amplified in such a way as to generate 
primarily single-stranded DNAs representing the out
side two DNA framents, while the Inside two DNA frag-

ments are amplified so as to produce double-stranded 
DNAs. This approach of combtnlng four amplified 
DNAs is facilitated by the above modification and, 
when combined with the use of tennlnal amplifying 

6 oligodeoxynucleotide primers which are unique to 
residues found only In the outside amplified DNA frag
ments, remove the need to purify the PCR products 
between the first and second round of amplification. 
Thus, asymmetric PCR Is used to amplify the two ter-

10 minal DNA fragments. Combined lrito the standard 
PCR ampliflcatlon reactions are 50 p moles of primer 
#51 and 0.5 p moles of primer #G2 (Figure 26) or 50 
p moles of primer #12 and 0.5 p moles of primer #G2 
(Figure 26) and the Gal/184 containing plasmid DNA 

1s template (1 o ng/raactlon), 2.5 units of Taq polymer
ase, and the remaining standard reaction compo
nents. The two Internal DNA fragments are amplified 
using the standard procedures which Include the pre
sence of SO p moles of each of the ollgodeoxynuc-

20 leotide primers, 2.5 units ofTaq polymerase, and the 
same template DNA and reaction components des
cribed above. Following 25 cycles of amplification (as 
described previously) the reactions are made to con
tain 1 ml oft\O, and each la placed in a Centricon 100 

25 cartridge (Amicon, Danvers, MA), centrifuged for 30 
minutes at 3500 x g, at 4° C, and the retentate is 
resuspended In another 1 ml of H20 and the centrifu
gation Is repeated. The final retantata Is resuspended 
in 100 µI of H20. Each of the four reaction products Is 

ao combined (1 µI of each of the retained DNA solutions), 
the standard components are added, 2.5 units ofTaq 
polymerase, and 50 p moles of the PCR recombi
nation amplifying primers (Figure 26), and the reac
tion is cycled 25 times. The resultant 0.8 kb DNA 

36 fragment Is phenol extracted, concentrated by 
ethanol preclpltstion, and digested with Spe I and 
Barn H1 restriction enzymes. FoRowlng purification of 
this 0.8 kb DNA fragment by agarose gel 
electrophoresis it is cloned into the heavy chain exp-

'° ression vector p8958, after this latter plasmid is 
electrophoretically purified from its Gal/184 heavy 
chain variable region Insert liberated by digestion with 
both Spe I and Barn H1 resbiction enzymes. The fully 
CDR-grafted Gal-m1/184 heavy chain expression 

45 plasmid DNA is co-transfected (10 ug of each DNA) 
with the fully CDR-grafted REJ/184 light chain expres

. sion plasmid DNA or the fully CDR-grafted Len/1B4 
· light chain expression plasmid DNA Into 293 cells. 
The resultant antibodies present In the conditioned 

so medium 48 hours later are Isolated by protein A 
sepherose chromatography and subjected to avidity 
measurements. Independent of the origin of the light 
chain variable region framework, the measured ~ 
dity for CD18 on the surface of actlvatlved human 

65 PMNs of the two antibodies Is nearly Identical. Again 
the role of the light chain variable region frameworks 
seems to be minimal. The avidity of the mutated Gal 
framework (mutated Gal/Rel, Figure 20) is slgnlfic-

17 
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anUy Improved relative to the non-mutated Gal heavy 
chain framewolk (Gal/Rel in Figure 20) support and its 
avidity Is nearly equivalent to that of native m184 (Fig
ure 20). It ls concluded that one or more of the three 
residues mutated contributes to the display of the s 
CORs (antigen binding sites), thus proper framework 
. choice Is aitical for optimal humanization of recom
binant antibodies. Indeed, It appears that the 
framework closest to the CDRs dictates the final 
structural arrangement of the CORs and thus the 10 

abDlty to bind antigen. Additional comparisons of the 
heavy chain frameworks reveal major differences be
tween those of New and Jon or Gal when the •pack
lng•resldues are examined (Agura 14). Packing 
residues as used herein is defined as Internal or non- 1s 
surface exposed residues of the structure that may be 
Involved In lntrastrand or lnterstrand forces. These 
packing residues are associated with the framework 
regions adjacent to the CDRs and are involved in the 
proper orientation of the CDRs for Interaction with the 20 

substance that Induced the antibody fonnation. Only 
27 of 41 Internal residues of New match the corre
sponding residues In the murfne 1 B4 framework. This 
is contrasted to the match of 38 of 41 residues by the 
human Gal framework. The localization of the region 2s 

of greatest variation to those residues ending 
framework 2 may explain the differences between the 
Gal and Jon supported antibodies. This region of 
framewolk 2 ls where these two differ and where Gal-
m1 differs from Gal. 30 

EXAMPLE3 

Enhanced Expression systems 

This example shows expression systems 
employed to produce large quantities of recombinant 
CCR-grafted 184 antibodies as discussed In Example 
2. The first expression system applicable to many 

35 

mammalian cells utilizes the extrachromosomal 40 

characteristics of EBNA-1/oriP based DNA plasmids 
(Yates etal., Nature: 313: 812, 1985). Such a vector, 
pREP3 described by Hambor et al. (Proc. Nati. Aced. 
Sci. USA 85: 4010, 1988), containing the hygromycin 
B selection cassette and the Rous Sarcoma Virus 45 

(RSV) L TR for transcription of the gene oflnterestwas 
modified as dlsclosed. The RSV L TR, as well as the 
poly A addition signal, was removed by digestion of 
the pREP3 plasmid DNA with Sal I and Xba I followed 
by agarose gel purification of the 9.02 Kb promoter- so 
less fragment. DNA from plasmid pD5mcs {see Flgure 

. 10), containing the adenovlrus major late promoter, a 
multk:lonlng site, and SV40 poly A addition signal 
was used as the template for the PCR amplification of 
those sequences beginning with the SV40 enhancer 65 

and ending with the SV40 poly A addition signal. In the 
process of amplification Xba and Sal I restriction 
enzyme sites were appended to the product ends by 

18 

their Incorporation Into the synthetic PCR 
oligodeoxynucleotlde primers. The expected 1.26 Kb 
PCR amplified product was agarose gel purified fol
lowing its digestion with Xba I and Sal I restriction 
enzymes and ligated into the 9.02 Kb EBNA/orlP 
backbone vector. The resultant plasmid (p8g14) con
stitutes a versatDe mammalian expression vector into 
which can be ligated either the heavy chain or light 
chain expression cassette contained within plasmid 
p8958 (see Figure 19) or p8953 (see Figure 8), re
spectively. The p8914 plasmid was also the template 
for the HIVL TR promoter version of the EBNA/oriP 
backbone vector. In order to switch to the HIVL TR 
promoter the p8914 plasmid DNA was digested with 
Barn H1 and Xba 1. The 9.35 Kb promotertess back
bone was purified by agarose gel electrophoresis. 
The HIVLTR promoter, from residue-117 to +80 (as 
found l_n the vector pCD23 containing this portion of 
the H1V-1 LTR; {Cullen, Cell 46: 973 [1986]) was 
PCR amplified rrom the plasmid pCD23 using 
ollgodeoxynucleotlde primers which appended to the 
ends of the product the Spe I and Bel I restriction sites. 
Following the digestion of the resulting 0.24 Kb PCR 
product with these letter enzymes the fragment was 
agarose gel purified and ligated Into the 9.35 Kb DNA 
promoterless DNA fragment described above. The 
p8962 plasmid so constructed was also the recipient 
of the heavy and light chain cassette (Figure 37). To 
accomplish this the p8962 plasmid DNA was digested 
within its multlclonlng site with Not I and Xba I so as 
to linearize the DNA. The 9.5 Kb linearized expression 
vector DNA was ligated to either the 2.5 Kb heavy 
chain cassette obtained by agarose gel purification of 
Not I and Spa I digested p8960 DNA or the 1.5 Kb light 
chain cassette obtained slmDarly following digestion 
of p8953 DNA with Not I and Spe I. These constructed 
EBNA/oriP based expression vectors ,p8969 and 
p8968, (Figure 38) were co-transfected Into CV1P 
cells (monkey kidney cells ; Figge et al., Cell 52 : 713 
(1988)) which constitutively express the HIV-1 TAT 
protein by virtue of having previously been transfec
ted with the plasmid pMLTAT (Siekevitz et al., Sci
ence 238: 1575 [1987)). The cell clones which arose 
In DMEM medium containing 10% heat Inactivated 
newf born calf serum, 200 µg/ml of G418, and100 
pg/ml of hygromycln B were picked using donlng 
cylinders (Fishney, In, Culture of Animal Cells, Alan R. 
Liss, Inc. New York, 1983) and expended Individually. 
Clones were screened for the secretion of recombin
ant antibody using the ELISA assay previously des
cribed. Multiple cell clones were expanded and their 
antibody secretion levels were detennlned to be in 
ther range of 75 ng - 2 µg of antibody per 98 hours of 
medium conditioning of 6 well plate cultures. The 
most productive of these clones was eventually adap
ted to growth on mlcrocarriers (cyledex 3 and cultis
phere GL) and produced approximately 100 mg/L of 
recombinant antibody each 3 day harvest in serum-
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free medium at a cen density of 1-2 x 1 oe cells per ml. 

EXAMPLE4 

In Vitro Activity Of Recombinant Human Antl-CD18 5 

Antibodies 

To Increase the precision of avidity determi
nations, the IB4 competitive binding assay of 
Example 2 was modified as follows. Both ml84 (50 10 

119) or hlB4 (from Example 3) were Iodinated using 
chloramine-T, and the radiolabeled lgG purified over 
a Bio-Sil TSK250 (Biorad) gel ffltratlon HPLC column 
that fractionate& proteins in the range of 5-300 x 103 
daltons. Effluent radioactivity was monitored with a 1s 
Beckman #170 in-line gamma counter(Beckman, Ful
lerton, CA), the total protein was detected by absorb-
ance at 280 nm with a Kratos Spectroflow 757 
detector (Kratos, Mahwah, NJ), and the column was 
equilibrated with 0.1 M phosphate buffer (pH 7.0). A 20 

single symmetrical peak of coincident absorbance 
and mdloadlvlty tracings was routinely observed at 6 
min. 30 sec. following sample Injection (the retention 
time characteristic of lgG in this system). Specific 
activity of the product was usually 10 mCUmg for 25 

m184 or 70mCl/mg for h184; 98-98% of the counts . 
· were trichloroacetic acid-precipitable in either case. 

SOS-PAGE and autoradlography of 1251 labeled antf.. 
body showed that 184 remained Intact following 
radlolabellng. Using these radio-labeled probes, a ao 
competitive 1211-184 suspension binding assay was 
established to detennlne the avidity of m184 or r-h
antl-CD18 (h1B4) for CD18 expressed at the leuko-
cyte surface. Human venous blood was collected 
freshly Into heparin (1.0 unlUml). PMNs were purified ss 
on a Flcoll/Hypaque gradient and activated with 100 
ng/ml phorbol myristate acetate In Hanks balanced 
salt solution containing 20 mM Hepes (pH 7.2), 0.14 
units Aprotinln and 2% human serum albumin (bind-
ing buffer) for 20 min at 37°C ; viability was always 40 

>95% by trypan blue exclusion following PMA acti
vation. After washing with binding buffer, aliquots of 1 
x 10& stimulated PMNs were Incubated In about 2-4 x 
10-11 M 1261-194 in the presence of Ina-easing concen-
trations of unlabeled murlneorhumanized 1B4 (about 4S 

10-' to 10-7M) in duplicate ortrlpllcate 300 ml volumes 
for 1 h at 4°C with constant agitation. The concen
trations of purified radio-Iodinated 184 or unlabeled 
antibody added as a competitor were detennlned by 
U.V. absorption using an E280 of 1.35 for ml84, 1.25 so 
for mutant Gal/Rel h1B4, and 1.30 for all other hlB4 
constructs [determined by the fonnula E = A(Ecys) + 
A(Etryp) + A{Etyr) where A = the number of residues 
of each amino acid ; GIB and von Hippe!, Anal. 
Blochem., 182: 319-328, 1989; the E280 ofm1B4 and 55 

Gal/Rel H184 were also verified by quantitative amino 
acid analysis and differential UV spectroscopy]. After. 
labeling, the 1zs1-1B4 bound to the cells was sepa-

19 

rated from unbound antibody by und811aylng each all
quot of PMNs with 250 ul 0.5 M sucrose and centrifu
gation (4,800 x g, 3 min.) ; the tubes were frozen on 
dry ice, and the tips cut off and counted with an U<B 
gamma counter. The quantity of PMN-bound 1211.1 B4 
for each concentration of purified unlabeled competi
tor lgG was expressed as the mean CPM per 1 x 105 
PMNs (± SEM). ICso9 for Inhibition of 1251-184 binding 
were calculated using a four parameter program C-Fit
te,. ; Rodbard, Munson, and Delean In ·Radiolm
munoassay and Related Procedures in Medicine•, · 
International Atomic Energy Agency, Vienna, vol I, 
469-504, 1978). Theresultsoftheblndlngassaysare 
Illustrated in Figures 13, 20, 28, and 29 (p values are 
from Student's unpaired t-test). These data Indicate 
that: 1) the avidity of Gal/Rel h1B4 for PMN CD18 is 
needy comparable to that of ml84 (about 2-3 fold 
weaker) ; 2) the avidities of Jon/Rel and New/Rel are 
still weaker than that of Gal/Rel In a rank onfer that 
correlates Inversely with their degree of homology 
relative to m184 frameWOl'ks ; 3) the avidity of 
Gal/Len Is nearty equivalent to the avidity of Gal/Rei; 
and 4) that mutant Gal/Rel and the demi-chimeric con
struct possess affinities apparenUy comparable to 
that of native 184. 

Inhibition of PMN attachment to human umbUlcal 
vein endothelial cell (HUVEC) monolayers. 

To reach tissue sitas and cause Inflammatory 
damage, PMNs must pass out of the bloodstream. 
This transendothellal migration depends on Interac
tion of PMN CD18-containing receptors with ligands 
on and within the human endothelium. A direct exp
ression of this process Is reflected by attachment of 
agonlst-treated PMNs to the vascular surface. To 
demonstrate that Gal/Rel h1B4 ls a prospective antf.. 
Inflammatory agent for use In human disease, we 
determined whether this construct inhibits adhesion 
of PMA-stimulated hPMNs to quiescent human 
endothelial. cell monolayers. Human umbDlcal vein 
endothelial cells (HUVECs) were grown In T-75 flasks 
coated with Vitrogen 100 (Collagen Corp., Palo Alto, 
CA) diluted 1 :10 with PBS and dried onto the sub
sbate. The culture medium was MCDB 107 
supplemented with 15% FCS, 90 mg/ml heparin 
(GIBCO), and 150 mg/ml endothelial mitogen (Biome
dical Technologies, Inc.) ; the cells were Incubated In 
2.5% CO2 and 97.5% air. Cultures (passages 4-8) 
were dissociated with trypslnlEDTA, and the HUVECs 
seeded Into 96-well mlcrotiter plates (Costar) pre
coated with a 5 µg/ml solution of purif18d human 
plasma flbronectin in 0.1 M bicarbonate (pH 8.3) ; 
these ~lcrocultures were used for the attachment 
assay upon reaching confluence. Human PMNs were 
purified from peripheral blood as described above. To 
measure their attachment to the HUVEC monolayers 
by fluorescence mlcroseopy, PMNs were labeled with 
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the vital fluorescent dye 1', 1'-dioctadecyl-3,3,3',3'
tetramethyllndocarbo-cyanlne (Oil) (Molecular 
Probes, Inc.). PMNs were incubated in a 25 mg/ml 
sonlcated solution of DD in binding buffer for 10 min. 
at 37 °C, washed, and then activated with 50-100 s 
ng/ml PMA or PDB for 10 min. at 37 °C. (These dil-la
beled PMNs were tested in the competitive 184 bind-
Ing assay to verify that their CD18 receptors were 
recognized by hlB4 ; the IC&09 were within the range 
expected for unlabeled PMNs). PMN aliquots (in 10 

quadruplicate) were pretreated with Increasing con
centrations of eltherGaYRel h184, m184, or the con-
trol Mab OKM-1 (associates with the CD11b 
component of the CR3 receptor but does not inhibit 
ligand binding). Incubation was perfonned for 15 min. 15 

at 4 °C with constent agitation, and the ceUs placed 
Into the mlcrowells containing the HUVEC mono
layers (50,000-100,000 PMNs/well). The PMNs were 
pennltted to setUe for 5 min. at 4 °C, and then Incu-
bated for 15 min at 37 °C to allow firm adhesion to 20 

occur. Unattached PMNs were removed and the cul-
tures fixed by genUe washing with 1 % fonnaldehyde 
In PBS (4 washes with an Eppendorf Plus 8 multltlp 
pipette). The wells were filled with a solution of 5% n-
propyl gallate In glycerol, and the atteched PMNs 25 

counted at 195 xunderrhodamine fflwnlnation with an 
automated Nikon Diaphot inverted fluorescent micro
scope fitted with an autofocus device, a customized 
motorized stage, and a video camera (Vldicon #8451) 
connected to a Model 3000 image analyzer (Image 30 

Technology Corp., Deer Park. NY) and an IBM PCXT 
computer. The mean number of adherent PMNs was 
detennined for each concentretion of Mab tested (± 
SEM), and an Inhibition curve plus lC50 generated with 
the "Fitter" program (Rodbard et al, supra.) ; the d!!ta 35 
were normalized. The results of these experiments 
are presented In Figure 30 and · Figure 31. Both 
Gal/Rei h184 and m184 produced congruent sig
moidal Inhibition curves with nearly equivalent IC&QS 
(4-8 nM) that were not signlficanUy different by Stu- 40 

dents' unpaired t-test The OKM-1 control lgG did not 
Inhibit PMN attachment Thus, Gal/Rel hl84 inhibits 
adhesion of activated hPMNs to human umbHlcal vein 
endothelial cell monolayers to the same extent as 
native ml84 In a quantitative homotypic in vilro adhe- 45 

sion assay, Illustrating antl-lnflamrnatoryactivlty. 

Inhibition of CTL-mediated cytolysis 

Cytotoxic T-lymphocyte (CTL) directed cell kiUing 50 

is an Important component of graft rejection following 
tissue or organ transplantation. Since attechment to 
and kllllng of target cells Is a C018-dependent inter
cellular adhesive event, we determined whether 
Gal/REI h1 B4 Inhibits human CTL-medlated cell lysls. 55 

Human Q-31 CTL cells were cultivated In RPMI 1640 
supplemented with 10% bovine calf serum and 30 

· unlls/ml recombinant human IL-2. To Induce the dif-

20 

ferentlated state, fragments of irradlatad JY human 
lymphoblastold cells were added to the media for 6-
7 d. The JY cells were propagated as above except 
wiHlout IL-2, and also served as targets for the Q-31 
cells. To compare the effects of m184 and Gal/Rei 
h184 on ceD killing, Q-31 cells were incubated In 
media with various antibody concentrations for 30 
min. at 25 °C before addition of the target ceDs. To 
quantify cytolysis, JY target ceUs were labeled with 
&1er and mixed with effector cells at various E :T ratios 
of 8 : 1 to 2.5 :1 at 37 °c. After 4h, the percent of &1cr 
liberated Into the culture medium for each concen
tration of antibodies was detennined (In biplicate) as 
an Index of cell killing. Cell KIiiing curves that were 
generated simultaneously with various concen
trations of ml84 (mOKM-1 control) or Gal/Rel h1B4 · 
(hlgG4 conlrol) were utilized to calculata ICs,s (Figure 
31). Both Gal/Rel h184 and m184 Inhibited JY cell 
lysls to the same extent In each case, the mean IC50 
was equal to about 2 nM 184, and the Inhibition cur
ves for both antibodies were superlmposable. These 
results Indicate that Gal/Rel 184 can prevent the 
rejection of transplanted tissues and organs. 

Tissue and Cellular Specificity of Gal/Rel Hh84 

The process or humanization might engender 
abnonnal binding properties that could cause h184 to 
associate with and accumulate in unexpected sites In 
tissues, cells, and their organelles, with toxic conse
quences. To ascertain whether the binding properties 
of Gal/Rei h1B4 were altered, we compared the 
lmmunofluorescence microscopic (IF} and 
lmmunoeleclron microscopic (IEM) localization of 
Gal/Rei h184 and native m1B4 In various rabbit tis
sues, and In human PMNs, U-937 cells, and fibrob-
lasts. · 

IF Staining of Tissues and Cells 

Healthy 2 kg male New Zealand white rabbits 
were euthanized, and approxinately 1.0 x 1.0 x 0.5 
cm3 tissue blocks were excised, immersed In OCT 
mounting medium (MDes), and frozen rapidly In llquld 
nitrogen-cooled Freon 22 (Dupont) at--150 °C. Sam
ples were obtained from the foUowing organs: bone 
marrow, cerebrum, kidney, large Intestine, liver, 
lungs, lymph nodes, myocardium, stomach, striated 
muscle (leg), and spleen, and stored at-80°C. On the 
day of an experiment, 5 µm frozen tissue sections 
were cut with a cryostat at -20 °C, placed on poly-L
lyslne-coated glass slides, and air-dried at 25 °C. The 
sections were immediately immunostained without 
fixation to avoid denaturation of CD18 antigens. In 
order to inhibit non-specific binding, slides were 
washed In 0.1 M Tris-HCI buffer (pH 7.8), and Incu
bated with tt:ie clarified supernatant of a solution of 5% 
non-fat dry milk (carnation) In 0.1% BSA, 0.1%, NaN3, 
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and 0.1 M phosphate buffer, pH 7.8 for 1 hat 25 "C. 
All subsequent staining steps were also conducted for 
1 hat 25 °C with lntennlttentwashes In 0.1 M Tris-HCI 
(pH 7.8). For single-labeling experiments, the sec
tions were stained with a 20 µg/ml solution of primary 
antibody (ml84, Gal/Rel hl84, or hlgG4 control) in 
staining buffer [0.1% non-fat dry milk, 0.1% BSA, 

0.1%, NaN3, and 0.1 M phosphate buffer (pH 7.8)]. 
Bound antibodies were detected lndlrecUy with a 25 
µg/ml solution of fluorescein lsothlocyanate-conju
gated affinity-purified goat anti-mouse lgG, or goat 
ant~human lgG FITC conjugate (Kirkegaard and 
Perry, Inc.) in staining buffer. In double-staining exp
eriments, specimens were lmmunolabeled with a 
mixture of primary antibodies (1 µg/mf m1 B4 arid 1 
µg/ml h184 In staining buffer centrifuged at 12,000xg 
for 15 min.), followed by a clarified mixed-antibody 
detection solution [25 Jig/ml fluorescein iso
thlocyanate-conjugated affinity-purified goat anti-hu
man lgG and 25 µg/ml rhodamlne 
lsothlocyanate-conjugated affinity-purified goat antl
mouse lgG (Kirkegaard and Perry, Inc.) In staining 
buffer). Controls for the dual-labeling experiments 
were clarified solutions of mixed m1B4 plus hlgG4 {1 
J&Q/ml of each antibody), or m184, Gal/Rel h184, and 

h1gG4 dissolved alone at 11g/ml lgG in steining buf
fer ; lgGs were localized on the sections with. the 
mixed-antibody detection solution described above. 
Coversllps were mounted on the slides with a solution 
of 5% n-propyl gallate in 90% glycerol and 10% 1.0 M 
Na-bicarbonate, and the sections studied with a Zeiss 
Photomlcroscope Ill equipped with epifluorescence 
Dlumlnatlon and·fluorescein & rhodamine Interference 
filter comblnattons. Photomlcrographs were taken at 
16x or 40x with Zeiss neofluar oD-lmmerslon objective 
lenses using llford HP-5 high-speed film at speeds of 
1600-6300 ASA 

The IF staining patterns of Gal/Rei h184 and 
m184 in rabbits are summarized in Figure 32. Specific 
CD18-posltlve IF labeling for both recombinant and 
native IB4 lgGs was observed In tissues known to 
contain leukocytes. There was no detectable differ
ence In IF distribution or Intensity observed with 

GeURei h1B4 versus m184, and control tissues 
treated with hlgG4 or buffer were always negative. By 
fer, sections of bone marrow presented the most 
intense CD18 steining with either species of 184 ; 79% 
of these cells exhibited cytoplasmic labeling. Leuko
cytes of the spleen and the lymph nodes were stained 
more lrregularty and with lower Intensity. A conspicu
ous population of resident leukocytes was detected In 
the lungs, and to a much lesser extent In kidney 
glomerull. Surprisingly, no CD1 a·stalnlng was seen In 
the mlcrogllal cells of the cerebrum or In the Kupffer 

cells of the liver. The other tissues were completely 

unstained. Titration of the primary antibody solution 
Indicated that a 1.0 µg/ml solution of hl84 orml84 was 
the minimum concentration of either antibody 

required to obtain maximum IF staining of bone mar
row sections. 

Dual IF staining experiments were conducted to 
detennlne whether the· anttgens recognized by 

s Gal/Rel h184 and m1B4 are colocallzed in the same 
cells. Cryosections of bone marrow, spleen, or lymph 
node were double-labeled with mixtures of Gal/Rel 

h184 and m1B4. As Illustrated In Figure 33 for bone 
marrow, every ceU that was positively stained with 

10 ml84 was also labeled with Gal/Rel h184. In the con
trol groups, Gal/Rel hl84 staining (detected under 
fluoresceln optics) was specifically eliminated by sub
stituting hlgG4 for h1B4 In the primary antibody mixt
ure, whHe retaining the m1 B4 labeling (visualized with 

1s rhodamine filters). With the converse control, removal 
of m1B4 from the mixture of primary antibodies 
ablated the rhodam!ne labeling, but had no effect on 
the fluorescein staining generated by Gal/Rel h184. 
These 184-colocallzation results were therefore 

20 highly specific 
Thsee data Indicate that native and Gal/Rei 

humanized 1B4 were localized In the same cells 
(leukocytes) and exhibited ldentlcal staining specffl. 
city and Intensity In various rabbit tissues. The highest 

2S levels of CD18 labeling were obseived In those tis
sues which contain large numbers of leukocytes, with 
the bone marrow presenting the most Intense stain
ing. Therefore, our humanization process has not 

· altered the specificity of 1B4 lgG detectable at the 
so light microscopic level of resolution. 

IEM Staining of Human Cell Organelles. 

Double label immunoelectron microscopic ~ 
35 eriments were conducted to compare the specificity of 

Gal/Rel h184 and m1B4 at the subcellular/sup
ramolecular level of resolution. CD18 antigens have 
been localized to the specific granules of hPMNs and 

monocytes via IEM with 60.3 (another Mab that rec-
4" ognizes CD18; Singer et al., J. Cell Biol, 109: 3189-

3182 [19891). Therefore:-we detennlnecr-whether 
Gal/Rei h184 and mlB4 were codistrlbuted in these 
granules. Human PMNs were Isolated from venous 

blood as descnl>ed above and prepared for IEM vfa a 
45 modification of a published method (Singer et al, 

supra). Briefly, the PMNs were fixed with a solution of 
3.5% parafonnaldehyde and 0.05% glutaraldehyde In 
0.1M Na-cacodylate (pH 7.2), 0.1M sucrose, and a 
mixture of broad spectrum protease Inhibitors. Flxa-

so tion was perfonned under microwave Irradiation until 
the cells reached 45oC (-45 sec.), followed by 
quenching with excess buffer at 4°C. Cell pellets were 

embedded In 7% acrylamlde, Infiltrated with 2.3M suc
rose In 0.1 M phosphate (pH 7 .2), frozen In liquid pro-

65 pane (-190°C) and cut Into ultrathin (-80 nm) 
cryosectlons. The specimens were double labeled 
with Gal/Rel h184 and m1 B4 using 5 nm and 10 nm 
protein-A colloidal gold conjugates (Janssen Ufe Sci-

21 
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ence Products) as described, and analyzed at 
29,000x with a JEOL 100CX transmission electron 
microscope. A summary of the immunostalning 
results for PMNs is shown In Flgure34. Both Gal/Rel 
h184 and m184 were colocalized In specific s 
granules ; negative controls showed that the colloidal 
gold probes were not cross-reacting nonspecificly. 
Further, Gal/Rel h1B4 and m184 were also col
ocallzed within a populaUon of cytoplasmic granules 
in U-937 cells (a human myelomonocytic line), but not 10 

in human lung fibroblasts (IMR-90). These obser
vations strongly suggest that the binding specificity of 
Gal/Rei 184 is comparable to that of m1B4 at sup
ramolecular resolution. 

EXAMPLES 

In Vivo Activity Of Recombinant Human Anti-CD1S 
Antibodies 

The in vivo potencies of murlne 184 (m1 B4) and 
humanized 184 (hl84) (Examples 2 and 4) were com
pared In the rabbit by assessing their ability to inhibit 
dennal inflammation, manifest as PMN accumulation 

15 

20 

and plasma extravasatlon, elicited by intradennal 25 

administration of CSa. 
The dorsal hair of female New Zealand White rab

bits (2 - 2.5 kg) was shaved at least 24 hours prior to 
experlmentaUon. Rabbits were anesthetized with an 
Intramuscular Injection of Ketamlne HCI (60 mg) and so 
Xylazlne (5 mg). (1261]-Bovfne serum albumin (10 J,LCI) 
was Injected lrt«, the marginal ear vein, as a marker 
of plasma extravasatlon. Groups of animals were then 
traated with saline, m1B4 administered intravenously 
at 0.07, 0.21 or 0.7 mg/kg, or h1B4 administered 35 

Intravenously at 0.1, 0.3 or 1 mg/kg 15 minutes before 
Initiation of the dermal inflammation. Thereafter, 
human recombinant CSa (100 prnol), or saline, in a 
volume of 50 &,d was injected lntradermally Into 4 rep-
licate sites In the dorsum. Three hours later, a blood 40 

sample (1 ml} was taken and centrifuged (80009 ; 3 
min ; 2D°C) to prepare cell-free plasma which was 
aspirated and retained. Animals were then 
euthanatized with approximately 750 µI Socumb 
(Sodium Pentobarbital 389 mg/ml in 40% isopropyl 45 

alcohol), and Injection sites were excised using a 6 
mm biopsy punch. Radioactivity ([12ll1D present in skin 
samples and ceU-free plasma (50 J,LI) was quantified 
using a gamma counter. By reference to the specific 
radioactivity of the cell-free plasma, the extent of so 
plasma extravasation was expressed as µI plasma 
equlvalenls per 6 mm biopsy. The skin biopsy was 
then homogenized In 5 ml of 0.5% Hexadecyltrlmethyl 
ammonium bromide (HTAB) using a polytron 
homogenizer. Chlorofonn (1 ml) was added to the ss 
sample, which was vortexed and centrifuged (16009; 
15 min. ; 20°C). Four aliquots (50 µI) of the aqueous 
supernatant were added to wells In a 98 well plate for 

22 

measurement of myeloperoxidase (MPO) activity, as 
an Index of PMN content. Duplicate wells of the 98 
well plate received 200 ml buffer (KH2P04 44 mM ; 
K2HP04 6 mM ; ~~ 0.0015% ; pH 6.0) alone (back
ground) and duplicate wells received buffer contain
ing MPO subslrate (3' ,3-Dimethoxybenzldlne 
dihydrochloride ; 360 µg/ml). Reactions were allowed 
to proceed for 15 min. at room temperature, and MPO 
activity was measured as the change In absorbance 
at 450 nm measured In a plate reading 
spectrophotometer. By reference to a standard curve 
constructed using known quantities of rabbit PMN in 
HTAB, the extent of PMN accumulation In each skin 
biopsy was estimated. 

The Injection of CSa into the skin of rabbits pret
reated with saline produced significant Increases In 
PMN accumulation (Figure 35) and plasma extravas
ation (Figure 36} compared with skin sites injected 
with saline. In animals pretreated with either m184 or 
h184 there was dose-related inhibition of both PMN 
accumulation (Figure 35) and plasma extravasation 
(Figure 36). Both antibodies were of comparable 
potency, as Indicated by the estimated ED60 values 
for inhibition of PMN accumulation and plasma ext
ravasation which were approximately 0.15 mg/kg for 
both m1B4 and h184. 

Claims 

1. A recombinant human immunoglobulin compris
ing a human heavy chain framework and murlne 
complimentarity detennining regions, with said 
heavy chain framework mutated at sites near the 
compllmentarity detem1ining regions, a human 
light chain framework and murine complemen
tarity deteimlning regions with said human 
immunoglobulin or immunologic fragment thereof 
being capable of binding to a human CD18 integ
rin. 

2. The recombinant human lmmunoglobulin ofdalm 
1 wherein the immunoglobulin has a mean ICm 
nearly equal to that of the murine monoclonal 
antibody from which the complementarity deter
mining regions were derived. 

3. A recombinant human immunoglobulln of claim 1 
wherein the immunoglobulln Is designated 
mutated Gal/Rel. 

4. The s:ecombinant human lmmunoglobulln of daim 
1 wherein the lmmunoglobulin or fragment is cap
able of binding to cells expressing leukocyte 
lntegrins selected from the group consisting of 
LFA-1, Mac-1 or p150,95. 

5. The recombinant human lmmunoglobulln orfrag-
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ment thereof of claim 1 wherein the antibody or 
fragment Is capable of binding to cells expressing 
the CD18 lntegrin subuniL 

8. The recombinant human lmmunoglobulin orfrag- 6 

ment thereof of claim 1 wherein the antibody or 
fragment Is capable of binding to leukocytes and 
preventing the leukocytes from entering an 
Inflammatory lesion. 

10 

7. A DNA sequence coding for the recombinant 
human lmmunoglobulin of claim 1. 

8. A vector containing the DNA sequence of claim 7. 
15 

9. A mammalian host transfected by the vector of 
dalm 8 containing the DNA sequence coding for 
recombinant human lmmunoglobulin. 

1 O. A process for the preparation of recombinant 20 

human immunoglobulln mutated Gal/Rel com-
prising culturing the transformed mammalian host 
of claim 15 under conditions suitable for the exp-
ression of recombinant human antl-CD18 anti-
body and recovering said antibody. 26 

11. An inflammatory reducing or Inhibiting phar-
maceutlcal composition comprising an effective 
Inflammatory inhibiting amount of the recombin-
ant human lmmunoglobulln of claim 1 and a phar- 30 

maceutical carrier. 

12. A recom6[nant mutated human heavy chain 
framework into which has been grafted murine 
compllmentarity determining regions with said 35 

complimentarity detennining regions being speci-
fie for human CD18 lntegrin. 

13. The DNA sequence of claim 7 encoding mutated 
Gal/Rei. 40 

45 

55 

23 

BIOEPIS EX. 1002 
Page 2261



t! 

MOUSE LIGHT CHAIN VARIABLE REGION 
5' UPSTREAM PRIMER - FRl OF VARIABLE REGION 

S'- TCT CGGATC CGA CCT>AT CTC>GT GCAC>T CGC>AC CCA (GA>-3' 
BAM Ht 

3' DOWNSTREAM PRIMER - KAPPA CONSTANT REGION 
5'- TCT CAA GCT TTG GTG.GCA AGA T<GA)G ATA CAG TTG GTG CAG C -3' 

HIND III . 

MOUSE HEAVY CHAIN VARIABLE REGION 
5' UPSTREAM PRIMER - FRl Of VARIABLE REGION 

i) S'- TTC TGG ATC C(CG>A GGT CGCT>CA <AG>CT GCAC)A GCGC)A GTC CTA)GG -3' 
BAM Ht 

I 1) 5'- TTC TGG ATC C(CG>A GGT <GCT)AA GCT GGT G(GC>A GTC CTA)GG -3' 
BAM Hl 

3' DOWNSTREAM PRIMER - lgG2n CHI REGION 
5'- TCT CAA GCT TAC CGA TGG CGA>GC TGT TGT TTT GGC -3' 

HIND II I 

FIG. 1 
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184 HEAVY CHAIN 

Asp•va1 Lys Leu Val Glu Ser Gly Gly Asp Leu Val Lys Leu Gty Gly Ser Leu 
Lys Leu Ser Cys Ala Ara Ser Gly Pbe Ibc Phe Ser (Asp Tyr T.g_r Met Ser] Trp 
Val Arg Gin Thr Pro Glu Lys Arg Leu Glu Leu Val Ala [Ala lie Asp Rsn Asp 
Gly Gly Ser lie Ser Tyr Pro Asp Thr Ual Lys Gly] Arg Phe Thr lie Ser Arg 
Asp Asn Ala Lys Asn Thr Leu Tyr Leu Gin Met Ser Ser 1Jtu. Arg Sar Glu Asp 
I.br Ala Leu Tyr Tyr Cys Ala Arg (Gin Gly Rrg Leu Rrg Rrg Rsp Tyr Phe Rsp 
Tgr] Trp Gly Gin Gly Thr Thr Leu Thr Val Ser Ser Ala Lys Thr .... 

184 LIGHT CHAIN-1 

Asp lie Val Leu T.hr Gin Ser Pro Ala Ser Leu Ala Val Ser Leu Gly Gin Aro Ala 
Thr lie Ser Tyr (Rrg Ria Ser Lys Ser Ual Ser Thr Ser .liJ.V Tyr 1u Tyr M..eJ 
Hl1J .Irll Asn Gia Gin Lys Pro Gly Gia Pro Pro Arg Leu Leu He Tye (Leu ua1 
Ser Rsn Leu Glu Ser] Gly Val Pro Ala Arg Phe Ser Gly Ser Gly Ser Ar9 Thr 
Asp Pbe Ibr Leu Asn !le. His Pro Val Glu Glu Glu fil.P. Ala Ala Thr Tyr Tyr 
Cys (Gin His lie Rrg Jilli. Leu Thr] Arg Ser Glu Gly Gly Pro Ser Trp Lys ter 

FIG. 3A ·· 
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184 LIGHT CHAIN-2 

Asp lie Val Leu Ibr Gin Ser Pro Ala Ser Ley Ala var Ser Leu Gly Gin Arg Ala 
Thr lie Ser Cys [Rrg Ria ser Glu Ser ua1 Asp Ser Yue filU Rsn Ser Phe Met 
His] Icp Tyr Gia Gin Lys Pro Gly Gin Pro Pro Lys Leu Leu lie Tye [Deg Ala 
Ser Rsn Leu Glu Ser] Gly lie Pro Ala Arg Phe Ser Gly Ser Gly Ser Aro Thr 
Asp Pbe Thr Leu Ibr lie Asn Pro Val Glu Ala Asp Asp Val Ala Thr Tye Jyr 
.ca[Gln Gin Ser Asn Glu Asp Pro Leu] Thr Phe Gly Ala Gly Thr Lys Leu Glu 
Leu Lys Arg Ala Asp ... 

(Co Rs] ; underline = homology to protein sequence 
Asp* determined from N-terminal amino acid sequencing; PCR primer 

encoded GAG for Glu 

FIG.38 
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.j, 

· # S 1 5'· CAT TCG C1T ACC AGATC[ MG CU ACT AGT GAG ATC ACA GTT CTC TCT AC ·3' · 
Bgl II Hind Ill Spe I 

# R 1 5•. GCQ AJA ACT ATC MC Arif TTC ACTGGCTCT AC,A GGT GAT GGT CAC TCT GTC .. 3• 

# R 2 5'- GTG UG AJA GU AJJ3 GCAATI CTTlTA TGC N:,T GGT ACC AGC AGAAGC CAG G -3' 
# R 3 5'· ~I TCT A®.IIG GAT GQA CGG TAGATCAOO N3Cm GGAGC .f.r 

# R 4 5'· GCA TQC AAC CTA GAATCT GCiT GTG CCAAGC AGA TIC AOC-3' 
# R 5 5'- GGATCC TCA TTA CUIGC TOO CAG TAG TAG GTG GCGATG TC -3' 

# R 6 5'· CAA AGT AATGAG GAT CQT CTCAOO 1TC GGC CAA GOO ACCAAG GTG ·3' 
# I 1 s·- GAA TGT GCC TAb m CTA GAG GAT cc A ACT GAG GAA GCA AAG .3• 

Xba I Barn H1 
PCR RECOMBINATION AMPLIFIERS 
# A 1 5•. CAT TCG en ACC AGA TCT .3• 
#A2 5'· GAA TGT GCC TAC TTT CTA G ·3' 

FIG. 4 
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SHORTEN VERSIO\I OF THE lgG4 HEAVY CHAIN CONSTANT REGION 

5'- ATT TOO ATC Q IQ TAG A CA TCG CGG ATA GAC AAGAAC -:r 
· 8am H1 Xba I 

5'- AAT AAT GCG GCQ GC ATCG AT G AGQTCAAGT ATG TAG ACG GGG TACG ·3' 
Not I Cla I Sac I 

TK PROMOTER FRAGMENT 
5'- TAT AGA AU C GG TAC CCTTCA TCC CCG TOO CCC G -3' 

Eco R1 Kpn I 
5'- TGC GTG TTC GAA UC GCC -3' 

Eco R1 

lg H ENHANCER 
5'· TIT TAG ATC T GT QGA CAG ATG GCC GAT CAG AAC CAG -3' 

Bgl II Sal I 
5- TTG GTC GAC GGT AQC AAT ACA TTT TAG MG TCG AT -3' 

Sal I Kpn I 
HUMAN KAPPA CONSTANT REGION 

5'· TCT CGG ATC CTC TAG AAG AAT·GGC TGC AAA GAG C-!r 
5'- TCT CGC TAG 00G ATC CTI GCA GAG GAT GAT AGGG-3' 

FIG. 7 
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1:1 

SspI(2012) 

Xhol(4} Human C - kappa by PCR 
Hind 111(16) 

Sph I (26) 
Pst 1(32} 
SaLI(34) 

BamHl\(Kbol Baj"! 

Xbol(40) 

pSP72 
( 2.5 kb) 

BamHI(46) 
SmoI(53) 

Kpn1(59) 
Soc l (65) 
EcoR1(67) 
Clo 1(74) 

EcoRV(81) 
Bglll(85) 

ColEI Ori 

AmpR 

BomHI 

( 0.9 kb) 

XhoI(4) 
Hindfil(16} 

SphI(26) 
Pst I (32) 

Sall(34) 
XboI(40) 
BamHl(46) 

Xbo 1 (54) 
Sacl(60} 

BomHil977) 
pSP72/HUMAN C~smal(983) 

Koppa (3.4 kb) KpnI (989) 
IC Soc I (995) · 

17 Eco RI (997} 

FIG. 6A (Cont. on FIG.68)1 

Clo! (1004) 
Eco RV( 1011) 
BglH(1015l 
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Sspl(3481) 

= 

Xhol(4) (From FIG. GA) 
HindilI(16) 

SpeI(22) Hnidl + 
CDR-grofted(Rei) 184 VK Xbo I I Hnidl + Xbal CDR-grofted (R~i} V-Koppo by PCR 

HindII Spel I XboI 

pSP72/Rei 184 
Koppa(4.0kb) 

KpnI(340) 
KpnI(438) 

BomHI(511) 
BomHU587) 
Xba1(593) 

LW Socl(599} 

Human C-Kappo 

SocI(1108) 

~ BomHU1516) 
Smol(1522) 
KpnI(1528) 
SocI(1534) 
EcoRI(1536) 
CloI(1543) 
Ec-oRV(1550) 
BgLII (1554) 

Spel + Clo! 
( 1.5 kb Koppa Chain) 

(Cont. on FIG. GC) Spel + Clo! 

\I ' 
(0.6 kb} 

BamHI{6) 

PvuI(5523) 

Pst I(5393)TAmp 

p05/IgH·Enhoncer/HygB 
(6.1 kb) 

SV 40L(A)n 

Notl(3429} 
Ndel(3423} 
Clol(3417) 

NheI(3411) 

BomHI 
(1995) 

Soll 
.,___( -~ (2008} 
~ MLP·Kpn.1(2347) 

Pvu II(2993) 
Sacl(3405) 

SpeI(3399) 
BamHI(3393 FIG. 68 

m 
"O 
0 

= w .... 
N 

t 

BIOEPIS EX. 1002 
Page 2271



= 

(Fr~m FIG. 68) .. ::: f 
BamH1(6) 

Pvu I(7010) 
Pstl(6880l 

,
0 

I pD5/IgH-Enha~cer/HygB/ 
. R Humanized 184-Koppa 
\ (Re1 Framework) (7.7 k~) 

SV40L(A}n 

Not I (4916) ....._ \. ~, Human C-Koppo 
~( CDR-grofted 184 VK 

Ndel (4910} 
CLaI(4904}~-

EcoRll4901) 
Socl(4897) 
Kpn1l4891) 

BomHI (4889) 

tk-HygB 

BomHI(1995) 
SoLI(2008) 

IgH-Enhancer 

Kpnl(2347) 

V40 Enhancer 

Ad2 MLP 
Pvu II (2993) 

Ad2 Leader 
Ba mH Il3393) 

Spell3399) 
Kpnl(3717) 

KpnI(3815) 
FIG. 6C 
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t:: 

S1 
~ RE ~x:::; 

n· w»>&&&!(&!~ 

ca: : 

:, 
·•: 

I I 
I I 
I I 
t I 

PCA II ~ 

u PCR A1 --,... 
f:-:-.·.·:);4idik&i&£J&uifhmJ I 

RE ij PCA 

I.'· :·.'.·1f¥!7llW:t:1A?W<&u4'14 

Signal FR 1 CDR1 FR2 CDR2 FR3 CDR3 

FIG. 8 
FR4 

C4 

~ .:::::::····:•:•:•:•:::::::::::-r 
r I .. ~ 
1 1 · RE..:../ (:-;:::1 
I 
: : I1 
I I 
I I 
I I 
I I 
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lntron 

PCA 

~ .,..._ 
A2 
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= 

# S 1 s·- CAT TCG CTT ACC AGA JCT MG CU ACT AGT GAG ATC ACA GTT CTC TCT AC .3• 
Bgl II Hind Ill Spe I 

# C 1 S'· GAI GTG MG QTG GTG GAG TCA G -3' 

# C 2 5'·. CTC CAC CAG err CAC ATC GGAGTG GAC Ar.I:, TGT GGA GAG~· 
# C 3 5'- TGA GGA r~ TGT GAG AGT GGT G ·3' 

# C 4 5'· QTC TCA CAG TCT CCT CAG GTGAGT CCTTAC MC CTC TC .3• 
# 11 s·- GAA TGT GCC TAC m CTA GAG GAT cc A ACT GAG GAA GCA AAG .3• 

Xba I Bam H1 

PCR RECOMBINATION AMPLIFIERS 
# A 1 5'· CAT TCG CTT ACC AGA TCT .3• 
#A2 s·- GAA TGT GCC TAC TrT CTA G .3• 

FIG. 9 
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!::: 

PvuI(3536) 

Pstl(3406) 

EcoRI(1) 

p05(MCS)' 
( 4.2Kb) 

~I 

Kpnl{360) 

SV40 Enhancer 

Hind 1II(726) 
Ad2 MLP 

Pvu II( 1006) 

Ad2 Leader 

.,.[V..--Bam H 1(1406) 
Spel(1413) 
Socl(1419) 
Nhel(1425) 
Clol(1431) 
NdeI(1437) 
NotI{1443) 

Kpnl+ 
EcoR I ( 3.9 kb} 

EcoRI(1) 
Clol(23) 
Hindl1I{29) 

BomHI(375) 

CMVIE 
Promoter 

Ori 

pCMVIE-AK1-DHFR. 
(9.2kb) 

tk·N~o(AKI) 
BGH.{A)n 

Bgl II (5570) 

~BamHU2766} 

Kpnl(5340) , l 'EcoRI(4565) 
EcoRI(5041) BomHl(4766) 

lgH enhancer by PCR 
BgLII'jSoll jpnl . 

(0.3kb) 

FIG. 10A (Cont. on· FIG. 108) 
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EP O 438 312 A2 

(p8928) 
p05/lgH-Enhoncer/Neo 

\ORI ( 6.1 kb) 

Notl(3379} 
NdeI(3373) 
· CloI(3367) 

Nhell3361) 
SocI(3355) 
SpeI(3349) 
BamH1(3342l 

r (From FIG. 10A 

38 

t ke Promoter 
(Octomer and CAT 
Region by PCR) 

EcoRI EcoRI 
bd 

(0.1kb) 

SoLI(1957) 
lgH-Enhoncer 

Kpnll2296) 
SV40 Enhancer 

(Hind III minusl(2662) 
PvuII{2942) 

FIG. 108 
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= 
Sspl(2012) 

AmpR 

XhoI(4) 
Hind 111(16) 

Sph 1(26) 
PstI(32) 
Soll (34) 

XboI(40) 
BomHI(46) 
SmoI(53) 

KpnI(59) 
Soc I (65) 
EcoRI(67) 
Clol(74) 

Mes......_ 111/W'.,,~~ EcoRV(B1) 
~--BgLII(85) 

Chimeric 184 VH by PCR 

Hindm 
Bgll~---

(0.8 kb) 

J8omHI 

KpnI{61,~~/\ tt,EcofH(1) 
EcoRI(G~ 

Pvu 1(5472) -
PstI(5342) 

~mp ~tk-Neo 

(p8941) ., ... __ \ 
pD5/ IgH-Enhancer/Neo 

ColEI Ori (6.2 kb) 

pSP72 
(2.5kb) 

BomHI 
+ 

Bglll 

(Cont. on .FIG. 11B) FIG. 11A 

SV40l(A)n~ 

Soll(1957) 
lgH-Enhoncer 

KpnI(2296) 
SV40 Enhancer 

(Hind III minus)(2662) NotI(3379) 
Ndel(3373) 
Clo 1(3367) 
Nhel(3361) 
Socl(3355) 
SpeI(3349) 

BamHI(3342} 

Pvu I1(2942) 

m ,r 
0 

e 
! 
N 
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EP O 438 312 A2 

XhoI(4) 
Hind1II(16) 

Sph I {26) 
Pstil32) 
Sall(34) 

r (FROM FIG. 11A) 

XbaI(40} 
BomHI(46) 

SmaH106) 
Chimeric 184 V H 

Hind III(615) 

(p8949J 
pSP72/Chimeric 1B4 VH 

SpeI(795} 

Hind 111(801) 
BgL !1(807) (3.2 kb) T7 

FIG. 11"8 

-~~:---:-:=-f 
Bglll + BamHI 
(0.8 kb VH). · 

CoLE1 Ori 
Kpnl(6869) 

EcoRI(6863) ~w---.. 
PvuI{6232) '7/19' ~tk-Neo 

Pstll6102l VAmp ~ 

· (p8954) 
p05/IgH-Enhancer/Neo/ 

Chimeric 184 VH 
\ORI {7.0kb) SaLI(1957) 

lgH- Enhancer 
Kpnl(2296) 

SV40 Enhancer 
Ad2 MLP 

Chimeric 184 VH 
SV40UAln , 

NotI(4139) 
NdeI(4133) 
ClaI(4127) 
Nhel(4121} 
Sacl(4115) 
SpeI(4109) 

BomHI(4102) 
SmoI(4042) 

40 

Pvu II (2942) 
·Ad2 Leader 

Hind III (3347) 
Spel(3353} 
NcoI(3401) 

Hind III(3533) 

(Cont. on FIG.11 C) J 
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EP O 438 312 A2 

Human C-gammaH by PCR . 

8am H\/bo[ SpelyNocl 

( 1.8 kb) 

Kpnl{8623) 
EcoRI(8617) :tk EcoRI(1l . FROM FIG. 118} 

PvuI{7986) .. tk-Neo 
Pstil7856) ~ ~ 

mp {p8958) "\ 
BamHI +Natl 

SV40L(A)n 

p05/IgH-Enhancer/ 
/ORI Neo/184 VH·Short 

Human C-Gamma 4 
(8. 7 kb} 

Sal1(1957) 
IgH-Enhoncer 
Kpn1(2296) 

SV 40 Enhancer 
Ad2 MLP 
PwII(2942) 

Xhi>I(3097) 

.:,. .. 

Not 1(5893) ~~ 
ClaI(5887) 
SacI(5881) 

Short Human C-Gamma 4 
. PstI(4887) 

Bgl II (4856) 

Ad2 Leader." 
Chimeric 184 VH A 

BgL II(3268} 
Hind UI(3347) 
Spel(3353} 

Nco1{3401} 
Hindlll{3533l 

Xbal(4108) SmoI(4042) 
8amHI(4102) 

FIG. 11C 
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t I 

TRANSIENT EXPRESSJON OF THE 1B4 CHIMERIC HEAVY CHAIN• GRAFTED RE1/1B4 LIGHT CHAIN 
RECOMBINANT ANTIBODY IN CVl, COS7, AND 293 CELLS 

ANTIBODY 
CELL LINE (ng/riU 

CVl 50 
CVl 31 

cas1 71 
COS7 82 
293 385 
2.93 207 

FIG. 12 
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4000 . 
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--09- --
<> <> 

I 
3000 

CPM BOUND/ 1 x 105 's HUMAN PMNs 

2000~ 
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C \ 
m .,, 
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C 
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w ... 
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t 
I ~ 

1000 

0 , , , , , , , , -o o Q , 

10-15 10- 14 10-13 10-12 10-11 10-10 10- 9 10-8 10-7 · 10-6 
MOLAR CONCENTRATION ADDEO 
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t 

HEAVY CHAIN 

NEW: 
1B4: 
Jon: 
Gal: 

Gal-Ml: 

OVOLOESGPGLVRPSQTLSLTCTVSGFTFS [NDYY'l'] WVRQPP 
DVKLVESGGDLVKLGGSLKLSCAASGFTFS [DYYMS] WVRQTP 
DVQLVESGGGLVKPGGSLRLSCAASGFTFS [TA'HMK] WVRQAP 
EVQLVESGGOLVQPGRSLRLSCAASGFTFS [BLGM'l'] WVRQAP 

G 

GRGLEWIG [YVl'YBGTSDDTTPLRS-] RFTMLVDTSKNQFSLRL 
EKRLELVA [AIDNDGGSISYPDTVKG) RFTISRDNAKNTLYLQM 
GKGLEWVV [WRVEQVVEKAFANSVNG) RFTISRNDSKNTLYLQM 
GKGLEWVA (NIKZBGSZZBYVDSVJtG] RFTISRDNAKNSLYLQM 

L 

lld 
SSVTAAOTAVYYCAR [---NLIAGCIDVJWGQGSLVTVSS ... 55 
SSLRSEDTALYYCAR [-QGRLJUU>YFDY]WGQGTTLTVSS .. . 
ISVTPEOTAVYYCAR [VPLYGBYJU\.FNY)WGQGTPVTVSS ... 18 
NSLRVEOTALYYCAR [-----GWGGGD-]WGQGTLVTVST ... 82 

L 85 

FIG. 14A 
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t. 

LIGHT CHAIN 

REI: DIQLTQSPSSLSASVGDRVTITC [IU\SGNIHNYLA------JWY 
1B4: DIVLTQSPASLAVSLGQRATISC [RASESVDSYGNSFMH--)WY 
Len: DIVMTQSPNSLAVSLGERATINC [KSSQSVLYSSNS1tNYLA)WY 

QQKPGKAPKLLIY [YTT~LA.D] GVPSRFSGSGSGTDFTFTISSL 
QQKPGQPPKLLIY [RASNLESJ GIPARFSGSGSRTDFTLTINPV 
QQKPGQPPKLLIY [WASTRES] GVPDRFSGSGSGTDFTLTISSL 

%Id 
QPEQIATYYC [QBFWSTPRT] FGQGTKVVIKR... 69 
EADOVATYYC [Qg.SNEDPLT] FGAGTKLELKR ... 
QAEDVAVYYC [QQYYSTPYS] FGQGTKLEIKR... 81 

IId percent identity to 1B4 FRs 

FIG. 14B 
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; .i:,. 

"GAL" /184 
#G 1 5'· GAG GTG CAG CTG GTQ GAG TCT GGG GGA GAC CTG GTC CAG CCT GGG AGG TCT CTG AGA 

CTC TCC TGT GCA GCC TCT GGA TIC ACC UC AGT GAC TAT TAC ·3' 
#G2 5'- AJA AGA GAT GCT ACC ACC ATC ATT ATC MT GGC TGC AAC CCA CTC CAG CCC TTT TCC TGG 

AGC CTG GCG GAC CCA AGA CAT GTA AJA GTC ACT GAA GGT ·3' 
#G3 5'· GGT GGI AGC ATC JCT TAT CCA GAC ACT GTG AAG GGC AGA TIC ACC ATC TCC AGA GAT AAT 

GCC AAG AAC TCC CTG TAC CTG CAA ATG AAC AGQ CTG AGA GTT .3• 
#G4 5'· GAC CAG GGT ACC UG GCC CCA GTA GTC AAA ATA ATC ACG TCG TAA TCT CCC CTG TCT 

CGC ACA GTA ATA CAG GGC CGT GTC CTC MQ TCJ QAG GQT GTT QAT .3• 

t VARIABLE REGION AMPLIFIERS 
#A3 5'· GAG GJG CAG CTG OTO GAG TC .3• 
# A 4 5'· OAC CAG GGT ACC TIG GCC CC .3• 

SIGNAL FRAGMENT 
#S1 5'• CAT TCG·CTT ACC AGA TCT AAG CTT ACT AGT GAG ATC ACA GTT CTC TCT AC .3• 
#GS 5'· CJC CAC CAG CTG CAC CJC GGA GTG GAC ACC TGT GGA GAG -3' 

FRAMEWORK 4/INTRON FRAGMENT 
#G6 5'· GGC CAA GGT ACQ CJG GTC ACA GTC TCC ACA GGT GAG TCC .3• 
#12 5'· GAA TGT GCC TAC .TTT CTA GAG GAT CCT ATA AAT CTC TG .3• 

FIG. 15A 
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~ 

"JON
11
1194 

#J1 

#J2 

#J3 

#J4 

i: 

5'· GAT GTG CAG CTG GTG GAG TCT GGG GGA GGA CTG GTC AAG CCT GGG GGG TCT CTG AGA 
CTC TCC TGT GCA GCC TCT GGA TTC AOC UO AGT GAC TAT TAC .3• 

5'· ATA AC3A GAT GCT ACC ACC ATC ATr ATC MT GGC CAC MC CCA CTC CAG CCC TTT TCC TGG 
AGC CTG GCG GAC CCA AGA CAT GTA AJA GTC ACT GAA GGT .3• 

5'· GGT GGT AGC ATC TCT TAT CCA GAC ACT GTG MG GGC AGA TTC ACC ATC TCC AGA AAC GAT 
. TCA MG AAC ACG CRG TAC CTG CM ATG ATC AGC GTG ACC CCC ·3' 

5'· GAC AOG GGT ACC ]JG OCC CCA GTA GTC AAA ATA ATC ACG TCG TAA TCT CCC CTG TCT 
CGC ACA GTA ATA CAC GGC CGT GTC CTC QGG GGT CAC GCT GAJ CAT .3• 

VARIABLE REGION AMPLIFIERS 
#As s·- GAT GIG CAG CTG GTG GAG TC ·3' 
# A 6 5'· GAC AGO GGT ACC TTG GCC CC .3• 

SIGNAL FRAGMENT 
#S1 5'· CAT TCG CTT ACC AGA TCT AAG CTI ACT AGT GAG ATC ACA GTT CTC TCT AC .3• 
# J 5 .5•. CJC CAO CAG CTG QAC ATC GGA GTG GAC ACC TGT GGA GAG -3' 

FRAMEWORK 4/INTRON FRAGMENT 
# J 6 5'· GGC CAA GGT ACC CCT GTC ACA GTC TCC TCA GGT GAG TCC -3' 
112 5•. GAA TGT GCC TAC TIT CTA GAG GAT CCT ATA AAT CTC TG .3• 

PCR RECOMBINATION AMPLIFIERS USED FOR BOTH CONSTRUCTIONS 
#A 1 5'· CAT TCG CTI ACC AGA TCT .3• 
I A2 5'· GAA TGT GCC TAC TTT CTA G ·3' 

FIG.158 , 
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S1 

~RE 
@mfkiiidWf#u~ 

GS: : 
I I 
I I 
I I 

t ' 
PCR 11 : : 

A1 

I I __,... 
A3 

_.... b W/..W/H//#Mf I 1:.::•:•:·JwH#H.6WU/M 

RE 

~~41&*44 1,·•···-···W.M 

Signal 

G1 G3 

GS 

D 
~ 
:=I 

RE ~ ......,, ~ I I 
t I 
I I 
I I 
I t 
I I 
I t 
I I 
I I 

12 

Ill • ........_. PCR 

G2D G4 
PCR 

H PCA 

FR1 CDA1 FR2 CDR2 FR3 CDR3 FR4 

FIG.16 

lntron 

~ .,..._ 
A2 

RE 
~ 
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I 

27 54 
GAG GTG AAG CTG GTG GAG TCA GGy GGA GAC TTA GTG AAG CTT GGA GGG TCC CTG 
Glu Val Lys Leu Val Glu Ser Gl'.y Gly Asp Leu Val Lys Leu Gly Gl_y Ser Leu 

81 108 
AAA CTC TCC TGT GCA GCC TCT GGA TTC ACT TTC AGT GAC TAT TAC ATG TCT TGG 
Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asp Tyr Tyr MET Ser Trp 

135 162 
GTT CGC CAG ACT CCA GAG AAG AGG CTG GAG TTG GTC GCA GCC ATT GAT AAT GAT 
Val Arg Gln Thr Pro Glu Lys Arg Leu Glu Leu Val Ala Ala Ile Asp Asn Asp 

189 216 
GGT GGT AGC ATC TCT TAT CCA GAC ACT GTG AAG GGC CGA TTC ACC ATC TCC AGA 
Gly Gly Ser Ile Ser Tyr Pro Asp Thr Val Lys Gly Arg Phe Thr Ile Ser Arg 

243 210 
GAC AAT GCC AAG AAC ACC CTG TAC CTA CAA ATG AGC AGT CTG AGG TCT GAG GAC 
Asp Asn Ala Lys As~ Thr Leu Tyr Leu Gln MET Ser Ser Leu.Arg Ser Glu Asp 

297 324 
ACA GCC TTG TAT TAC TGT GCT AGA CAG GGG AGA TTA CGA CGT GAT TAT TTT GAC 
Thr Ala Leu Tyr Tyr Cys Ala Arg Gln Gly Arg Leu Arg Arg Asp Tyr Phe Asp 

351 
TAC TGG GGC CAA GGC ACC ACT CTC ACA GTC TCC TCA GCC AAA ACA A 
Tyr·Trp Gly Gln Gly Thr Thr Leu Thr Val Ser Ser Ala Lys Thr 

FIG. 17 
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EcoRI (1) 
Hind UI(29) 

BomHl(375) 
g 

Sspl(2012) 
tk-HygB 

pAL2 
}J (5.6 kb) 

AmpR 

BamHU2275) 
Soll(2551) 

FIG. 18A 
BomHI 
(1.9kb t k-HygB) 1 BomHI 

Xhol(4) 
Hind 111(16) 

Sph 1(26) 
Pstl(321 
Sall(34) 

Xbol(40) 
BomHI(46) 
SmoI(53) 

Kpnl(59) 
Soc I (65) 
EcoRI(67) 
CLaI(74) 

EcoRV(81) 
~ Bglll(85J 

\ \.CoLEIOri 
pSP72 
(2.5 kb) 

(Cont. on F IG.188} 
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t 
GO 
c.t ... 
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"' ... 

XhoI(4) 
Hind III (16) 

Sphl(26) 
Pst 1(32) 
Soll(34) 

XboI(40) 
BomHI(46) 

pSP72/tk-HygB 
(4.4 kb) 

,tk-HygB 

BomHI(1946) 
Smol(1953) 
Kpnl (1959) 
SocI(1965) \ EcoRI(1967) 
Clo I (1974) 
EcoRV(1981) 
Bgl lll198~) 

r (FROM FIG.18Al 

KpnI(61~~!,1f ,EcoR1(1) 
EcoRI(610~ 

Pvul(5472) 
Pstl(5342)--/ 11\mp Jtk-Neo 

p05/IgH-Enhoncer/Neo 

SV40L(A}n 

Notl(3379) 
Ndel(3373) 
Clol(3367) 
NheI(3361)' 

Socl(3355l 
SpeI(3349) 

Born H 1(3342) 

(6.2 kb) 

Soll(1957) 
lgH-Enhancer 

Kpnl(2296) 
SV 40 Enhancer 

(Hindllt minus)(2662) 
Pvull(2942) 

FI G.188 / (Cont. on FIG. 18C) 
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fl 

(FROM FIG. 188) 
Sal I+ Smal 

( 1.~kb 1k·Hyg8) 
EcoRI and 
fill in ends 

PvuI(5523}~ 

Pstl(5393l~p ~tk-HygB 

p05/lgH-~nhancer/HygB 
(6.1 kb) 

\ORI 
\ 

Ad2 Leader. Ad2 MLP 
...... ,1 / 

BamHI(1995} 
Sall(2008) 

IgH-Enhoncer 
Kpnl(2347) 

Not1(3429) 
NdeI(3423) 
Clal(3417) 
Nhel(3411) 
Socl(3405) 
Spel(3399) 
BamHI(3393} 

SV 40 Enhancer 
(Hind III minus)(2713) 

Pvull (2993) 

FIG. 18C 
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fl 

{p8954) 
p05/IgH-Enhoncer/Neo/ 

\ORI (7.0 kb) IgH-Enhoncer 
Chimeric 184 VH ~SoLI(1957) 

(A) , C~imeric 184 VH> h Kpnl(2296) 
SV40 L n ~, / . ,,, SV40 Enhancer 

Notl(4139) 
NdeI{4133) 
ClaI(4127) 
Nhel(4121) 
Soc1(4115} 

SpeI(4109) 
BomHI(4102) 
Smal(4042)' 

Ad2 MLP 
Pvu II(2942) 

Ad2 Leader 
Hind 111 ( 334 7) 

'Spe I (3353) 
NcoI(3401) 

Hind III(3533) 

CDR-grofted (Jon) 184 VH (by PCR) CDR·grofted (Gal) 184 VH (by PCR) 
IHindlil 

1

samHI 

(Cont. on F IG.19Bl j \FIG.19A 
1

spel 
1

samHI 

qJ 
0 

e 
w ... 
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I! 

(FROM FIG. 19A) 
Hind OJ+ BomHI 

Kpnl(8621) 
EcoRl(8615) tk EcoRI(1) 

Kpn 1(8621) 1k 
EcoRI(8615) ~\. EcoRl(1) 

PvuI (7984). __.--.-. , 
PstI(7854) ~ .. . ~tk-Neo PvuI(7984) ~ ~~k-Neo 

Notl(5891) 
CLoI(5885) 
Sacl(5879) 

Amp ( p8959) · ~ 
Pstl(7854)-y-~ 

Amp (p8960) 
p05/lgH·Enhoncer/Neo~ 

r -Gal VH/Short Humane 
loRI -Gamma 4 (8.7kb) 

pD5/lgH-Enhancer/Neo/!B4~ 
r1 -Jon VH/Short Humane 
fQRI -Gamma 4 (8.7 kb) 

Soll(1957) 

...... 

lg H-Enhoncer 
-Kpn1(2296) 

Ad2 Leader. II 1sV40 Enhancer 
,,f.T.Ad2 MLP 

Pvull (2942) 
XhoI(3097) 

Bgl 11( 3268) Notl(5891} 

.. SV40 L(A)n 

Soll(1957) 
lg H-Enhancer 
Kpnl(2296) 

Ad2 Lead~el SV40 Enhancer 
' Ad2 MLP 

.CDR-graft~{Jon)1B4VH / Pvull(2942) 
XhoI(3097) 

BgL 11(3268) 

Short Human C- gamma 4 
Hind 111(334 7) ClaI(5885 
SpeI(3353) SocI(5879) 

. Hindfll(3347) 
Spel 3353) 

· NcoI(3403) · Shat Human C-gamma 4 
Pvu II(3552) 

KpnI(3884) 
Smol(4044) 

BomHI(4101) 
Xbo 1(4106) 

FIG. 198 

Ncol(3403) 
Pvu Il(3552) 

KpnI(3884) 
Smol(4044) 

BomHI(4101) 
Xbol(4106) 
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Summary of Competitive Bin.ding Activities of mlB4 & hlB4 

Framework · Constructs 

CaDlltU~l MIID 1.C.M nM. &.12 .ti p. (t1l1Sli1} 

81 ml84 0.52 0.20 9 · . <0.000S(Gal*) 

Gal/Rei 1.68 0.26 19 <0.000S(New) 

Gal/Len . 2.80 1.04 2 <0.000S(Gal*) 

Jon/Rei 5.88 0.13 3 <0.000S(Gal*) 

New/Rei 7.99 0.73 3 =0.00B(Jon) 

mut Gal/Rei 0.67 · 0.08 4 >0.20(ml84} 

Demichimera 0.46 0.08 3 >0.61 (mlB4) 

*Gal = GaVRel h184 construct FIG.20 
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81 

11 LEN 11/1 B4 . 
# L 1 5•. GAC ATC GTG ATG ACC CAG TCT CCA AATTCC CTG GCT GTC TCT CTT GGA 

GAG NlA OOCN:,t:;ATCAPC TOON3AOOC AGI GM AGI GJIGAT ·3' 
# L 2 5'· ACG ATA GATQAG GAG Q]TAOON3/3CTG CCC TGG TIT CTG CTG ATA CCA GTGCAT 

AAAAGAAlT GCCATAACT ATC AAQ AQIJIQ ACT GGC-3' 
# L 3 5'· AAG CTC CTG ATQTAJOOTGCA TCCMCCTAGM TCTGGGGTCCCA GAC AGG TTC 

AOO OOC>GTGGA TCT ~AOA~IJIQ ACTCTQ M&-3" 
# L 4 5'- CGT GAG AOO ATCCTC ATTACTTTG CTGACAGTAATAMCTGC AACATCTIC AGC 

CTG CAG GCT GCT~T GGT(MGAGTGAAAJPTGT -3' 
# L 5 5'· TAATGA 001\JOOJCICAQ GTTCGGCCAAOOGI\CCAAGCT GGAGAT CAAACGTGA 

GTA GAA TTT AAA CTT TGC TTC CTC AGTTAA GCT TTC TAG A -3' 

VARIABLE REGION AMPLIFIERS 
#AS 5'- GAC ATC GTG ATG ACC CAG TC ·3' 
# A 6 5'· TGC CTA en TCT AGA AAG CTT AAC TGA GG ·3' 

SIGNAL FRA.GMENT . 
# S2 5'· AGA TCT ACT AGT AAG CTT GAG ATC ACA GTT CTC TCT AC -3' 
# L 6 5'- CTG GGJ CAT CAQ GAJGTQ GGA GTG GAC ACC TGT GGA GAG ·3' 

PCR RECOMBINATION AMPUFIF;RS 
# A 7 s•. AGA TCT ACT AGT AAG CTI GAC ·3' 

Bgl II Spe I Hind Ill 
#AB s·- TGC CTA CTT JCT AGA AAG C1T .3• 

Xba I Hind Ill 

FIG. 21 
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~ 

S2 ~.x=.:.E 
-W////////////////////////////////////////////////,1, 

A7 _.... 

PCR 

~ 
L6 1 1 

I I 
I I 
t I 
I I 
L...l _..,.. 
AS 

l;·:·;.-,·!~u&#tWU#&4'4W&4tfutfg/HHA¢11 

RE 
·,:.:.=:,·:)F«@4mwlu'H&U,#m&IH/HHffff.UMj 

Signal 

L1 L3 
Ill II II 

L2 

PCA 

II 
L4 

LS 

RE~ ;../~ 
A6 

.--,.-.. -... ~· .. _, 

u PCR 

.
AS 

RE 
~ 
~ 

FR1 CDR1 FA2 CDA2 FR3 CDR3 FR4 

FIG. 22 
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II 

Xhol(4) 
Hind1II(16) 

Spel(22} 

pSP7?/Rei184 
Koppo(4.0kb) 

FIG. 23A 

COR·grafted(Rei) 184 VK 
KpnI(340) 

Kpnl(438) 
BamHI(511) 
BamHI(587) 
Xbal (593) 

'U4"'" Socl(599) 

Human C-Koppa 

Sac I (1108} 

BamHil1516) 
Sma1(1522} 
Kpnl (1528) 
Socl (1534) 
EcoR I(1536) 
Clo I (1543) 
EcoRV(1550) 
Bglll(1554) 

CDR-grofted (Len),VK. by PCR 
Spel Hindlll 5 el Hindlll 
~ P ~Xbal 

. (0.6,kb) 

Xhol(4l 
Hindi 1(16) 

peI(22) 
Hind1Il(28) 

Len184 VK 
BomHI(511) 
BomHI(587) 
Hindll1(590) 

~xbal(593) 

NdeI(3848) 
SspI(3481) 

(p8967) 
pSP72/Len1B4 
Kappo(3.9 kb) 

SacI(599) 

Human C- Koppa 

Socl(1108) 

~ BomHl(1516) 

l Cont. on FIG. 238) / 

ColE1 Ori 

Smol(1522) 
Kpnl (15~8) 
SocI(1534) 
EcoRl(1536) 
Clo 1(1543) 
EcoRV(1550} 
BgLII (1554) 
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8amHI(6} .-.· 
PvuI{7010) • ... 

(FROM FIG. 23A) 

Spel + Clol Pstl(6880l~ ~tk-HygB 

(p8953l ._1 
p05/ lgH-Enhancer/HygB/ 
Humanized 1B4-Koppo 

lORI (Re1Framework) 

Spel + Clo I 
(6.1 kb) 

(1.5kb LenI84 Koppa) 

Bom HI ( 1995) 

(7.7kb) 
Sol1(2008) 

IgH-Enhancer 
Kpnl(2347) 

Not1(4916) Human c-Koppa > SV40 Enhancer 
NdeI(4910) , Ad2 MLP 

1 
ClaI(4904) Pvu 11(2993) 

EcoRI(4901) Ad2 Leader 
Soc1(4897) BamHl(3393) 
KpnI(4891) SpeI(3399) 

BamHI(4889) Kpnl(3717) 

~ ~tk-HygB 
/Amp . ~ 

(p8963) i •• _n·,\ 
pD5/ lgH-Enhoncer/HygBi 

COR·Grafted Koppa L ·Chain 

Sacl(3976) 
Xbal(3970) 

BomHI(3964) 

Kpn1(3815) SV 40 L(A)n 
\ORI (7. 7 KB) 

Born HI( 1995) 
Soll(2008) 

lgH-Enhancer 
KpnI(2347) 

8amHU3888) 

CDR-grafted 1B4 VK . 
Not 1(4916) 

NdeI(4910) 3M 
Human C-Koppa , /V - SV40 Enhancer 

/A.rAd2MLP 
Pvu 11(2993) CLal(4904) 

EcoR I f4901) 
Soc! 4897) 
KpnI(4891} 

BamHI(4889} 

FIG. 238 

SacI(4485) 

SocI(3976) 
Xbol(3970) 

Hindlll (3964) 

Ad2 Leoder 
BamHI(3393) 

SpeI(3399) 
Hind Ill(3405) 

CDR-groffed VK 
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= 

21 54 
GAC ATT GTG ATG ACC CAG TCT cc~ GCT TCC TTA GCT GTA TCT CTG GGG CAG AGG 
Asp Ile Val MET Thr Gln Ser Pro Ala Ser Leu Ala Val Ser Leu Gly Gln Arg 

81 108 
GCC ACC ATC TCA TAC AGG GCC AGC AAA AGT GTC AGT ACA TCT GGC TAT AGT TAT 
Ala Thr Il~ Ser Tyr Arg Ala Ser Lys Ser Val Ser Thr Ser Gly Tyr Ser Tyr 

135 162 
ATG CAC TGG AAC CAA CAG AAA CCA GGA CAG CCA CCC AGA CTC CTC ATC TAT CTT 
MET His Trp Asn Gln Gln Lys Pro Gly Gln Pro Pro Arg Leu Leu Ile Tyr Leu 

189 216 
GTA TCC 'AAC CTA GAA TCT GGG GTC CCT GCC AGG TTC AGT GGC AGT GGG TCT AGG 
vai Ser Asn Leu Glu Ser Gly Val Pro Ala Arg Phe Ser Gly Ser Gly Ser Arg 

243 270 
ACA GAC TTC ACC CTC AAC ATC CAT CCT GTG GAG GAG GAG GAT GCT GCA ACC TAT 
Thr Asp Phe Thr L~u Asn Ile His Pro Val Glu Glu Glu Asp Ala Ala Thr Tyr 

297 324 
TAC TGT CAG CAC ATT AGG GAG CTT ACA CGT TCG GAG GGG GGA CCA AGC TGG AAA 
Tyr Cys Gln His Ile Arg Glu.Leu Thr Arg Ser Glu Gly ~ly Pro Ser Trp Lys 

TAA AAC GGG CT 
Asn Gly 

FIG. 24 
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!! 

21 54 
GAT ATT GTG CTG ACC CAG TCT CCA GCT TCT TTG GCT GTG TCT CTA GGG CAG AGG 
Asp Ile Val Leu Thr Gln Ser Pro Ala Ser Leu Ala Val Ser Leu Gly Gln Arg 

81 108 
GCC ACC ATA TCC TGC AGA GCC AGT GAA AGT GTT GAT AGT TAT GGC AAT TCT TTT 
Ala Thr Ile Ser Cys Arg Ala Ser Glu Ser Val Asp Ser Tyr Gly Asn Ser Phe 

135 162 
ATG CAC TGG TAC CAG CAG AAA CCA GGA CAG ccA·ccc AAG CTC CTC ATC TAT CGT 
MET His Trp Tyr Gln Gln Lys Pro Gly Gln Pro Pro Lys Leu Leu Ile Tyr Arg 

189 216 
GCA TCC AAC CTA GAA TCT GGG ATC CCT GCC AGG TTC AGT GGC AGT GGG TCT AGG 
Ala Ser Asn Leu Glu Ser Gly Ile Pro Ala Arg Phe Ser Gly Ser Gly S~r Ar9 

243 270 
ACA GAC TTC ACC CTC ACC ATT AAT CCT GTG GAG GCT GAT GAT GTT GCA ACC TAT 
Thr Asp Phe Thr Leu Thr Ile Asn Pro Val Glu Ala Asp Asp Val Ala Thr Tyr 

297 324 
TAC TGT CAG CAA AGT AAT GAG GAT CCT CTC ACG TTC GGT GCT GGG ACC AAG CTG 
Tyr Cys Gln Gln Ser Asn Glu Asp Pro Leu Thr Phe Gly Ala Gly Thr Lys Leu 

GAG CTG AAA CGG 
Glu Leu Lys Arg 

FIG. 25 
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D 

#S1 

#G7 

#GB 
#G9 

#G10 
#G11 

#G12 
#12 

S· CAT TCG C1T ACC AGA TCT AAG QJI ACT AGJ GAG ATC AC .3• 
Bgt II Hind Ill Spe I 

5'· AGA TCT CCC CCA GAQ TCA ACC AGC TG .3• 

5'· IGA GTCTGG GOO AGAIPJTGTTCA GCC TGGAGGGTC TCT G-3' 
5'· ATC MI GGQ IGQ MQ QAQ CTC CAG CCC m TCC ·3' 

5'· QJG G]l GQA GQQ ATT GAT AAT -3' 
s·- 001\ GAC IGI CAG QAG GGT ACC TTG GCC CiCA-31 

5'- ACQ QTG CJ:G ACAGJCTCC ACA GGT GAG-3' 
5'· GAA TGT GCCTACTTT CTA GAG GAT CCT ATA AAT CTC TGG CCA TG .3• 

Xba I 8am H1 

PCR RECOMBINATION AMPLIFIERS 
#A3 5'· CAT TCG CTT ACC AGATCT .. 3• 
#A4 5'· GAA TGT GCC TAC TTT CTA G .3• 

FIG. 26 
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S1 G8 G10 G12 

~ * ... .... * ... 
~~~ I 

Signal CDR1 CDR2 CDR3 
~ .. X ~ 

G7 G9 G11 

A3 PCRl) · 5'-Primer _..... m .,, 
a 

I r::nf,f#WMl4fH/A • XI IX ! 
1
8 I e I • . . : : • . 

Signal 
. . 

'•:• ::::::::::::::::::::::::::::::::::::::::::::;::t· im'Hi 
w 

I Xi :X I .. 
N ....,_ t 

3'-Primer 

PCRl) 
A4 

RE 
1;=,·~·=Pf07&Mtfdl4M x x --~• :::::::::::::::::=:::=::::::::::;:;::::::::=:::::1·11& 

Signal COR1 COA2 CDA3 lntron 

FIG.27 
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MEAN CPM BOUND/ 
1 X 105 PMNs (n = 3) 

2000 

1500 

1000 

500 

~ ~t~ 
yhl84 tc50: 1820pM 

\ . 

ml84 IC50= 702pM - ' '; 
\ 

Q I e e e e e e I e e e e e e , .e I e e e I e e e t I e e e e I e e e I 
10-11 10-10 10-9 10-8 10-7 

MOLAR CONCENTRATION ADDED 

FIG. 28 
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MEAN CPM BOUND/ 

1 X 105 PMNs (n;; 2) 

I 

3000 

2500 
f 

2000 

1500 

1000 

500 

: .'." 

-.. , ... l ... ~New/Rei IC50= 7673pM 
0\. 't, 

' 
\ 

hl84 IC50= 1633pM 

\ 
;\ 

\' '+ \ 

' ' ' 
0 I I I I I I I II I f t I I I I II t I I I I I I I I f I I I I I I I I I I I It 11 

10-11 10-10 10-9 10-8 10-7 10-s 

MOLAR CONCENTRATION ADDED 

FIG. 29 
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en 
0) 

% PMNs BOUND 

125 
~ 

100 hl84 IC50= 4.0nM 

75 f ml 84 IC50= 5.8nM 

50 

25' · 

o.__ __ __.__ __ -6. __ , _ _.... ____________ __, 

10- 13 10- 12 10- 11 10-10 10-9 10-8 10-1 

MOLAR CONCENTRATION ADDED 

FIG. 30 
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COMPARISON OF Gil/Rel hl84 AND mlB4 IN 

IN VITRO FUNCTIONAL ASSAYS 

1cso (nM) 

fl 

hlB4 n ml84 n -
HUVEC s.·2 9 4.6 9 

CTL 2.0 4 2.0 4 

FIG.31 
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I I 

IMMUNOfLUDRESCENCE MICROSCOPIC LOCALIZATION OF MlB4 AND 
Gnl/Rel hlB4 STAINING IN'S uM FROZEN SECTIONS or RABBIT 

TISSUES.• 

TISSUE MlB4 STAINING Gnl/Rel hlB4 STAINING 
BONE MARROW ++++ ++++ 
CEREBRUM 0 0 

KIDNEY + (LEUKOCYTES ONLY) + <LEUKOCYTES ONLY> 
LARGE INTESTINE 0 0 
LIVER 0 0 

LUNGS ++ (LEUKOCYTES ONLY> ++ (LEUKOCYTES ONLY> 
LYMPH NODES ++ ++ 

MYOCARDIUM 0 0 

STOMACH 0 0 
STRIATED MUSCLE <LEG) 0 0 

SPLEEN +++ +t+ 

•CONSECUTIVE TISSUE SECTIONS UERE STAINED INDIVIDUALLY WITH MlB4 OR hlB4. 
TWO DOUBLE-BLINDED EXPERIMENTS WERE PERFORMED BY DIFfERENT INVESTIGATORS. 
THE DEGREE OF LABELING WAS SCORED AS O (NEGATIVE>,+ <SPARSE>, ++ <MODERATE>, 

+++ <INTENSE), AND++++ <MARKEDLY INTENSE). 

· FIG.· 32 
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I I 

DOUBLE LABEL IMMUNOFLUORESCENCE MICROSCOPIC 

LOCALIZATION OF Gal/Rel HUMANIZED AND MURINE 

184 IN RABBIT BONE MARROW CELLS• 

PcJmary Antibodies Applied GalfBet blB4 m1e4 

Gal/Rel hlB4 + mlB4 +++ + + + I 

hlgG4 + mlB4 0 + + + I 
Gal/Rel hl84 + buffer +++ 0 

mlB4 + buff~r 0 +++ 

hlgG4 + buffer 0 0 

• 5 um frozen sections of rabbit bone marrow were stained with mixtures of GaVRel 
hlB4 and native murlne IB4 or controls (hlgG4, buffer). + + + a moderate staining: o 

. "" negative. 
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I 

0 

DOUBLE LABEL IMMUNOELECTRON MICROSCOPIC 

LOCALIZATION OF Gal/Rel HUMANIZED AND MURINE 

184 IN SPECIFIC GRANULES OF HUMAN PMNS* 

PRIMARY ANTIBODIES APPLIED RELATIVE STAINING INTENSITY 

Gal/Rei hlB4 ml84 

Gal/Rel hlB4 + mlB4 ++++ ++++ 

hlgG4 + mlB4 0 ++++ 

Gal/Rel hl84. + buffer ++++ 0 

* 80 nm ultrathln frozen sections of human PMNs were double stained with GaVRei 
hlB4 and native murine IB4 or controls (hlgG4, buffer). + + + + = Intense staining; O 
= negative. 
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PMN x 105 / 6 mm BIOPSY 

.... ... 

25 

20 

15 

I 1//J I r / ,,.t V /I 

10-I V /.A D'7l V/JV/1. 

I ~/Av~V/1 VAV/1 
5 

O 11< < •1 11 < 0 11< < •,• , a,,r < ,, 11 < 0,1c , 111 < <1,r < o, 

SALINE 0 0.07 0.21 0.7 
ml84 

(mg/Kg) 

FIG. 35 
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20 
.;· 

15 

µI PLASMA 16mm BIOPSY 
I I f .L I V .F I 

m 
'V 101 ~-L ~ 
0 

.... e 
N w .... 

N 

t 
I V/1~/.!IV /J VAr/A 

5 

Q I I c c ,1 1 , c , 1 r c , 1 , c c , 1 , c c, 1 1 n c r I r c c , 1 r c 1 1 n c c n 1 

St\LINE 0 0.07 . 0.21 0.7 0 0.1 0.3 1.0 
ml84 hl84 

(mg/Kg) ( mg/Kg) 

FIG. 36 
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;;I 

XbaI(1) 
EcoRV(9540) \ J~ /Bom~,H571) 
Spel(9216)~;~~1(107G) 

Repeats 

pREP3 
(10.1 kb) Nru1(2916) 

. Sal+ Xbal 
(9.02 Kb) 

SV40enh 
EroRV(9747) 

Ad MLP+regulatory elements by PCR 

Xbal Soll 

(1.26Kb) 

Sall+ Xbal 

Xba1(1) 
HindlII(366) 

Ad2 MLP 
Pvull(646) 
~ JBomHI(1046) 

Repeats 
HSVTK-HygB-TK 

p8914 
{10.4 kb) 

,.-Sall(1283) 

SacI(7318) 
Nrull3123) . 

FIG. 37 A 
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(FROM FIG. 37A) 

(Xbo I/Spel)*(1) 

HIVLTR Xbol(204) 
Not1(228) 

EcoRV(8941) Bcll/BomHl)*(240) 
Spel(8617), SV(A)n 

HSVTK-HygB • T K 
Repeats 

p8962 
(9.55 kb) 

NruU2317) 

FIG. 378 

BomHI+ Xbol 
(9.35 Kb) 

Bell+ Spel 

HIV L TR by PCR 

Spel.JBcLI 

(0.24 Kb) 
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Born HI (6) 

ci1 SV40 L (A)n 

Notl(4916} ~, 
EcoRI(4901) 
CLo1(4904) 

BamHI(4889} XbaI(3970) 
BamHI(3964} 
BamHI (3888) 

Notl+Spel 
(1.5 Kb Rei/184) 

BomHI(1995J 
Soll(2008l 

Kpnl(2347) 
SV40 Enhance, 

Ad2 MLP 
Pvu 11 (2993) 

Ad2 Leader 
BomHI(3393) 

Spe1(3399) 
CDR-grofted Rei/184 Vk 

Eco RV (8941) 
Spel(8617) 

,1epeots 

Avr11(5094) 

/ 

1~otl +Xbol 
(9.5 Kb) 

. (Cont. on FIG. 38Cl FIG.38A 

* (Xbo 1 ISP.e 1) ( 1) 
XboI(204) 

lNotl{228) 

1£
Bcll/BomHl) * (240) 
SV(A)n 

'-t-'\ 
HSVTK-HygB· TK 

p8962 
(9.55 kb) 

Nrul(2317l 

Notl~ 
(9.5 Kbl 

(Cont. on FIG. 388} 
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.., 
OJ 

tk 
EcoRI(8615) .. \ .EcoRl(1) 

p8960 Su LI( 1957) 
(8.75 kb) lg I I - Enhancer 

Kpnl(2296) 
SVp(~ SV 40 Enhancer 

Notl(5891) · Ad2 MLP 
Pvull (2942) CtoI(5885) 

Soc1(5879) Ad2 I eoder 
Hindll! !33f7) 

Human C-gamma 4,...., ~ 
Spel(:.353 

\_CDll-graf ~ ed GoL/184 VH 
BomHI(4101) 

Xbo1(4106) ... 
Not I+ $pel 
(2.5Kb Gal/184) 

( Cont. on FIG. 38C) FIG. 388 
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::I 

(FROM FIG. 38A) T 

(Xbo I/Spel)*( 1) 
, glll(137) 

HIVLTR (Xbal/Spe1)*"(205) 
EcoRV(10435) V- Rei 

(FROM FIGS. 38A AND 388) l 
(Xbol/Spel)*(1) 

HIVLTR" I .Bgllll137) 

EcoRV( 11457) lLJ/Xbal/Spel *(205) 
Spell11133) \ \. rV-GoL 

Spel(10111l CK ) Repeats 
Notl(1722 * 

Repeats"'\· 1..J#.e,..-(BcLI/BomHI) (: 134) 

p8968 
( 11, 1 kb) 

AmpR 

HSVTK-HygB-T 1\ 

Sacl(9028) 

FIG. 38C 

p8969 
(12.1 kb) 

HIVSV(A}n 

Notl(2744) 
* (Bcll/BomHll 

(2756} 

HSVTK-HygB-TK 
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@ Publication number: 0 438 312 A3 

~ Europiisches Patentamt 

@) " European Patent Office 

Office europ6en des brevets 

@ EUROPEAN PATENT APPLiCATION 

@ Application number: 91300367.9 

@ Date of filing : 17.01.91 

@ Priority: 19.01.90 US 487692 
20.12.90 us 627421 

@ Date of publication of application : 
24.07.91 Bulletin 91/30 

@ Designated Contracting States : 
CH DE FR GB IT LI NL 

@ Date of deferred publication of search report : 
01.07.92 Bulletin 92/27 

® Applicant : MERCK & co. INC. 
126, East Lincoln Avenue P.O. Box 2000 
Rahway New Jersey 07065-0900 (US) 

@ Recombinant human anti-CD18 antibodies. 

@ Recombinant immunoglobulin specifically 
reactive with the C018 integrin or antigen of 
leukocytes and methods for the production of 
the immunoglobulin are disdosed. DNA con
structs containing the complementarity deter
mining regions (CDRs) of a murine antibody are 
recombinantly combined with the chosen 
frameworks of variable regions of both heavy 
and light chains of a human antibody. The 
constructs are transfected into eucaryotic host 
cells capable of expressing the recombinant 
immunoglobulin sequence. 

@ Int. Cl.5
: C12N 15/13, C12N 5/10, 

C12P 21/08, A61K 39/395 

@ Inventor : Law, Ming-Fan 
12344 Picrus Street 
San Diego, California 92129 (US) 
Inventor : Mark, George E. Ill 
4 Richmond Court 
Princeton Junction, NJ 08550 (US) 
Inventor : Schmidt, John A. 
19 Fairway Drive 
Green Brook, NJ 08812 (US) 
Inventor: Singer, lrwln I. 
18 Lakerldge Drive 
Matawan, NJ 07747 (US) 

@ Representative : Thompson, John Dr. et al 
Merck & Co., Inc. European Patent . 
Department Terlings Park Eastwick Road 
Harlow, Essex CM20 2QR (GB) 
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European Patent 

Ollicz 
EUROPEAN SEARCH REPORT 

DOCUMENTS CONSIDERED TO BE RELEVANT 
Citatiea of 11.--t will! indialioa, wllln appropri-. 

ofrdnatp ..... 

PRDCEEDIN;S OF THE NATIDJW. N.;NJEJf( OF SCIEt«:ES 
OF USA. 
vol, 80, Septallber 1983, WASHINGTON US 
pages 5699 - 5703; 
S.D. WRIGHT ET AL.: 'Ic1ent1f1cat1on of the C3b1 
receptor of 11111111n lllllloeytes and macrophages by 
us1ng 110noclonal ant1bod1es' 
* page 5699, colwnn 2, paragraph 2 * 
* page 5702. col111111 2 • 

PIIOCEEDir.ES OF THE NATic»W. ACADEMY OF SCIEM:ES 
OF USA, 
vol. 86, no. 10, May 1989, ~INm».I US 
pages 3833 - 3837: 
A. DALANDINI ET AL,: 'Cloning 1ainunoglobu11n 
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RECOMBINANT HUMAN ANTI-CD18 ANTIBODIES 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. Primers used to isolate ONA encoding 
murlne kappa light chain variable region and murine 5 

lgG2a heavy chain variable region using PCR 
Figure 2. Diagram of anUbody strucbJre and PCR 

products of murine heavy and light chain. 
Figure 3. 1B4 amino acid sequence for heavy 

chain variable region and light chain variable regions 10 

1 and 2 deduced from the nucleic acid sequence of 
the cloned cONAs. 

Figure 4. Oligodeoxynucleotides used as primers 
for PCR mutagenesls and amplification of the Rel light 
chain variable region template so as to graft the CDRs 15 

of 184 into the Rei light chain variable region. 

Figure 5. PCR recombination strategy used in the 
CCR-grafting of the Rei/184 light chain variable reg
ion. 

Figure 6. Outline of the insertion of light chain 20 

variable and constant regions into the light chain exp
ression vector. 

Figure 7. Oligodeoxynucleotides used as PCR 
primers to generate a shortened lgG4 heavy chain. 
Oligodeoxynucleotide primers used in PCR to re-en- 25 

glneer the thymidlne kinase (TI() promotor to facilitate 
the expression of the neomycin resistance gene. 
Ollgodeoxynudeotide primers used In PCR to clone 
the lgH enhancer sequence. Ollgodeoxynucleotldes 
used as PCR primers to generate a human kappa light 30 

chain constant region. 
Figure 8. PCR recombination strategy used In the 

fusing of human signal and intronic sequence to the 
184 heavy chain variable region. 

Figure 9. Oligodeoxynucleotides used as primers 35 

for PCR recombination to fuse human signal and 
lntronic sequences onto the 184 heavy chain variable 
region. 

Figure 10. Outline of the construction of the 

neomycin selectable expression vector. 40 

Figure 11. Outline of the insertion of the 
"chimaeric" 184 heavy chain variable region and the 

shortened human lgG4 heavy chain constant region 
Into the heavy chain expression vector. 

Figure 12. Levels of transient expression as 45 

determined by trapping ELISA, of the 1 B4 chimaeric 
heavy chain : grafted Rel/1 B4 light chain recombinant 
antibody in CV1, COS 7 and 293 cells. 

Figure 13. Competitive binding assay of recom-
binant "chlmaeric"/REI 184 (circles) and native 50 

murlne 184 MAb (diamonds) for CD18 on activated . 
humanPMNs. 

Figure 14. Amino acid sequence composition of 
the human heavy and light chain variable regions from 
which framework regions were used to support the 55 

murine 184 CDRs. 

3 

Figure 15. Ollgodeoxynucleotldes used in the 
construction of Gal/184 heavy chain variable region 
and Jon/184 heavy chain variable region plus those 
necessary to fuse the human signal and intronic sequ

ences onto these variable regions. 
Figure 16. PCR-recomblnation strategy used in 

the CCR-grafting of the Gal/184 heavy chain and 
Jon/1B4 heavy chain variable regions. 

Figure 17. DNA sequence and deduced amino 
acid sequence determined for murine 184 heavy 
chain variable region. 

Figure 18. Outline of the construction of the hyg
romycin selectable expression vector. 

Figure 19. Outline of the insertion of the Gal/1 B4 

heavy chain and the Jon/184 heavy chain variable 

regions into the heavy chain expression vector con
taining the shortened lgG4 heavy chain constant reg
ion. 

Figure 20. Summary of the competitive binding 
activities of murlne MAb 184 and recombinant human 
anti-CD1 8 antibody constructs. 

Figure 21. Oligodeoxynucleotldes used in the 
construction of Len/184 light chain variable region . 
plus those necessary to fuse the human signal onto 
the Len light chain variable region. 

Figure 22. PCR-recombination strategy used in 

the CDR-grafting of the Len/184 light chain variable 
region. 

Figure 23. Outline of the insertion of the Len/184 
light chain variable region Into an lnterdemediate vec
tor followed by its insertion into the light chain expres
sion vector. 

Figure 24. DNA sequence and deduced amino 
acid sequence determined for murine 1 B4 llght chaln-
1 variable region. 

Figure 25. DNA sequence and deduced amino 
acid sequence determined for murine 1 B4 light chain-
2 variable region. 

Figure 26. Oligodeoxynucleotides used in the 
construction of Gal-m1/1B4 (mutant) heavy chain 
variable region plus those necessary to fuse the 
human signal onto the Gal-m1 heavy chain variable 
region. 

Figure 27. PCR-recombinatlon strategy used In 
the CCR-grafting of the Gal-m1/1B4 (mutant) heavy 
chain variable region. 

Figure 28. Competitive binding assay of native 
murine 184 (diaminds) and Gal/Rei humanized 184 
(circles}. 

Figure 29. Competitive binding assay of New/Rei 
recombinant h184 (closed diamonds) and Gal/Rel 
recombinant h1B4 (open diamonds). 

Figure 30. Effects of native murine 1 B4 
(diamonds} and Gal/Rei recombinant humanized 184 
(circles) on attachment of human PMNs to human 
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unbilical vein endothelial cell monolayers in vitro. 
Figure 31. Comparison of Gal/Rei h184 and 

m184 in in vitro functional assays. s 
Figure 32. lmmunofluorescence microscopic 

localization of m1B4 and Gal/Rei h184 staining in 5 
µm forzen sections of rabbit tissues. 

Figure 33. Double label immunofluorescence 
mlcroscopiclocallzatlon of Gal/Rei h184 and m184 in 10 

rabbit bone marrow cells. 
Figure 34. Double label immunoelectron micros

copic locallzatlon of Gal/Rei h1 B4 and m1 B4 in speci
fic granules of human PMNs. 

Figure 35. Dose-dependet inhibition by of m1 B4 15 

and Gal/Rei h1B4 of C5a (100 pmol)-induced PMN 
accumulation in rabbit skin. 

Figure 36. Dose-dependent inhibition by m1 B4 
and Gal/Rei h184 of C5a (100 pmol)-induced plasma 
extravasation in rabbit skin. · 20 

Figure 37. Outline of the construction of expres-
sion system p8962 capable of producing large quan-
tities of recombinant COR-grafted 1 B4 antibodies. 

Figure 38. Outline of the construction of expres-
sion systems p8968 and p8969 capable of producing 25 

large quantities of recombinant CDR-grafted 184 anti
bodies. 

BACKGROUND OF THE INVENTION 

Murine derived monoclonal antibodies have been 
utilized as diagnostic and therapeutic agents for 
numerous human pathologic conditions including 
acute inflammatory responses associated with 

30 

numerous diseases. Administration of murine derived 35 

monoclonal antibodies (mMAbs) as therapeutic 
agents in man has been severely limited by the 
development of antibody within the recipient to the 
mouse antigens of the murine derived monoclonal 
antibody. In attempts to circumvent this outcome 40 

mMAbs have been restructured by recombinant ONA 
technology in such a way as to decrease their 
lmmunogenicity in humans. lmmunoglobulins are well 
defined both chemically and biologically with the gen-
eral structures Hlustrated in Molecular Cell Biology. 45 

Darnell, Lodlsh, and Baltimore, Eds., Scientific Ameri-
can Books, Inc., W.H. Freeman, New York, NY 
(1986). Initially, this involved the construction of · 
chimaeric antibodies, Morrison et al., Proc. Natl. 
Acad. Sci. USA 81 : 6851-6855 (1984>.° Recombinant so 
technology was-employed to replace the murine 
heavy and light chain constant regions with corre
sponding human constant regions. Upon expression, 
such Interspecies antibody chimaeras yielded 
molecules with the antigen binding specificities of the ss 
parent murine antibody. The · following references 
generally descn"be chimaeric antibody technology : 
Lobuglio et al., Proc. Natl. Acad. Sci. USA 86 : 4220-
4224 {1989): United States Patent 4,816,567; PCT 
International Publication No. WO 87/02671, 

4 

. published May 7, 1987 ; European Patent Publication 

No. 255,694, published February 10, 1988 ; Euro
pean Patent Publication No. 274,394, published July 
13, 1988; European Patent Publication No. 323,806, 
published July 12, 1989; PCT International Publi
cation No. W0/89/00999, published February 9, 
1989; European Patent Publication ·No. 327,000, 
published August 9, 1989; European Patent Publi
cation No. 328,404, published August 16, 1989 ; and 
European Patent Publication No. 332,424; published 
September 13, 1989. 

The immunogenicity of chimaeric antibodies can 
be further reduced by grafting rodent hypervariable 
regions into the variable region frameworks of human 
light and heavy chains, Jones etal., Nature 321 : 522-
525 (1986). These hypervariabie regions have also 
been tanned complementarity determining regions 
(CDR). The technique involves the substitution or 
recombinant grafting of antigen-specific murine CCR 
sequences for those existent within "generic" human 
heavy and light chain variable regions, European 
Patent Publication No. 239,400, published Septem
ber 30, 1987. In this approach, litUe, if any, concern 
is shown for the variable region frameworks (FRs) 
within which the murine CDRs are placed. The instant 
Invention illustrates that appropriate supportive struc
tures for the CDRs are vital not only for the assembly 
of the functional antibody molecules but also for the 
production of antibody molecules with avidities which 
allow for the administration of therapeutic doses 
(about 0.1-1mg/kg). 

Recent studies by Queen et al., Proc. NaU. Acad. 
Sci. USA 86: 10029-10033 (1989), have shown the 
CDRs from a murlne anti-Tac monoclonal antibody 
can be grafted into a human framework. The human 
framewort< variable regions were chosen to maximize 
identity with the murine sequence. The authors also 
utilized a computer model of the mMAb to Identify sev
eral amino acids which, while outside the CORs, are 
close enough to interact wit the CORs or antigen. 
These residues were mutated to the residue found in 
the murine sequence. The grafted anti-Tac antibody 
had an affinity for the antigen which was only about 
1/3 that of the murine anti-tac mMAb and mainte
nance of the human character of this antibody was 
problematic. 

Leukocyte Infiltration into an Inflammatory site is 
dependent on the adhesion of the leukocytes to the 
endothelium prior to extravasation. The rapid binding 
of polymorphonuclear leukocytes (PMN) to the 
endothelium and diapedesis occurs within minutes 
after the Introduction of a chemotactic stimulus in tis
sue, Cybulski et al., Am. J. Pathol. 124: 367 (1986). 
This rapid extravasation appears to depend on the 
response of the PMNs to chemoattractants and on the 
presence of the CD11/CD18 family of glycoproteins 
on the leukocyte surface. The family of glycoprotelns 
associated with PMNs are termed leukocyte integrins 
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and include LFA-1 (CD11a/C018), Mac-1 
(CD11b/CD18) and p150,95 (CD11c/CD18). Each of 
these heterodimers has a unique alpha chain (CD11 5 

a, b, c) and. an Invariant beta-2 chain (CD18). Stimu
lation of PMNs with various chemotactlc factors 
causes increased expression of leukocyte integrins · 
(CD11 b/CD18) fostering strong adhesion to unstimu-
lated endothelium In vitro, Harlan, Blood 65: 513 10 

(1985), and essentially all of the chemoattractant-in
duced adhesion is inhibited by treating the PMNs with 
mMAbs specifically reactive with the CD11JCD18 
complex, Harlan et al., Blood 66: 167 (1985); Zim-
merman and McIntyre J. Clin. lnvesL 81 : 531 (1988); 1s 
Smith et al., J. Clln. Invest. 82 : 17 46 (1988) ; and Lo 
et al., ~Exp. Med. 169: 1779 (1989). 
Polymorphonuclear leukocytes from patients with 
leukocyte adhesion deficiency (LAD) fall to express 
CD18 and fail to bind unstimulated endothelium in 20 

vitro, Harlan et al., Blood 66 : 167 (1985) ; Lo et al., 
J. Exp. Med.169: 1779 (1989). --

Murine hybridomas producing monoclonal anti
bodies reactive with the beta chain common to the 
Mac-1, LFA-1 and the p150,95 integrins have been 25 

described. The mMAbs are designated 184, 60.3, 
TS1/18, H52andATCCTIB218. The 1B4 is an lgG2a 
antibody and was prepared by Wright et al., Proc. 

Natl. Acad. Sci. USA 80: 5899-5703 {1983)~the 60.3 
is also lgG2a and was prepared by Beatty et al., J. 30 

lmmunol. 131 :2913-2918 (1983), TS1/18 is an lgG1 
antibody and was prepared by Sanchez-Madrid et al., 
J. Exp. Med. 158: 178~1803 (1983). H52, a MAb 
against beta 2 (CD18) was prepared by HDdreth and 
Orentas, Science 244: 107~1078 (1989) and ATCC 35 

TIB 218, a lgG2a kappa prepared by Springer et al., 
J. Exp. Med.158: 586-602 (1983). These antibodies 
appear to be functionally equivalent and cross-react 
with the beta-2 chain found on human, sheep pig, rab-
bit, and dog leukocytes but not with the beta-2 chain 40 

found on murine and rat leukocytes. 

SUMMARY OF THE INVENTION 

Recombinant immunoglobulin specifically reac- 45 

tive with the CD18 lntegrin or antigen of leukocytes 
and methods for the production of the immunoglobulin 
are disclosed. DNA constructs containing the com
plementarity determining regions (CDRs) of a murine 
antibody are recombinantly combined with the so 
frameworks of chosen variable regions of both heavy 
and light chains of a human anbbody. The constructs 
are transfected Into eukaryotic host cells capable of 
expressing the recombinant lmmunoglobulln sequ-
ences. 65 

OBJECT OF THE INVENTION 

It is accordingly, an object of the present inven
tion to provide novel DNA sequences for the com-

5 

plementarity determining regions of murine heavy and 
light chain monoclonal antibody. Another object of the 
invention is to provide novel DNA sequences for the 
complementarity determining regions of murine 
heavy and light chain monoclonal antibody that 
Immunologically binds to the CD18 integrin or antigen 
of leukocytes. A further object Is to provide novel DNA 
sequences for recombinant animal antibody. Another 
object is to provide a vector containing the DNA sequ
ence for recombinant animal antibody. Another object 
is to provide a mammalian host transformed with a 
vector containing the DNA sequence for recombinant 
animal antibody. It is a further object that the animal 
recombinant antibody be human recombinant anti
body. A further objective is to provide recombinant 
human immunoglobulin that binds to leukocyte integ
rin. Another object Is to provide a process for making 
recombinant human immunoglobulin. A further object 
is to provide a process for producing recombinant 
immunoglobulins. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to methods and 
means for the construction and expression of unique 
recombinant derived antibody in which complemen

tarity determining regions (CDRs) from a first animal 
monoclonal antibody of defined specificity are Inser
ted into a second animal, including man, variable 
heavy and light chain frameworks which show a high 
degree of sequence similarity with the frameworks of 
the first animal and present the CDRs in the approp
riate configuration to react with the appropriate anti
gen or ligand. The insertion or grafting is carried out 
by processes well known in the biotechnical ·arts, 
prlmanly recombinant DNA technology. The unique 
frameworks (FRs) are selected for their structural 
compatibility and sequence similarity with the first ani
mal frameworks. This preselectlon Is dependent on 
one or more of the following aiteria : (i} sequence 
matching to all known human heavy chain variable 
(VH.) and light chain variable (VJ framework sequ
ences with the framework sequences of the animal. 
monoclonal antibody from which the CDRs have been 
removed ; (ii} sequence matching as described in (i}, 
but with significant attention paled to interspecies 
matching of the non-surface exposed amino acid resi
dues ; (Iii) tertiary and quaternary structural model of 
human framework sequences with CDRs In place for 
comparison with models of the original animal mono
clonal antibody ; and {iv) saeening of human 
genomic DNA with DNA probes corresponding to 
framework sequences in chosen animal monoclonal 
antibody. These criteria and the following procedures 
are used to prepare recombinant ONA sequences 
which incorporate the CDRs of animal mMAb, both 
light and heavy chains, Into human frameworks that 
can then be used to transfect mammalian cells for the 
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expression of recombinant human antibody with the 
antigen specificity of the animal monoclonal antibody. 

The present invention further comprises a 5 

method for constructing and expressing the altered 
antibody comprising : (i) mutagenesls and assembly 
of variable region domains including CDRs and FRs 
regions ; (Ii) preparation of an expression vector 
including at least one variable region which upon 10 

transfectlon into cells results in the secretion of pro-
tein sufficient for avidity and specificity detenni
nations ; and (IQ co-amplification of heavy and light 
chain expression vectors In appropriate cell lines. 

The present Invention provides recombinant 15 

methods for incorporating CDRs from animal monoc-
lonal antibodies Into human immunoglobulin 
frameworks so that the resulting recombinant human 
antibody will be either weakly immunogenlc or non-
immunogenlc when administered to humans. PrefelT- 20 

ably the recombinant immunoglobullns will be 
recognized as self proteins when administered for 
threapeutlc purposes. This method of •humanizatlonn 
will render the recombinant antibodies useful as 
therapeutic agents because they will be either weakly 2s 
immunogenic or non-lmmunogenic when adminis-
tered to humans. The Invention Is further contem
plated to include the recombinant conversion of any 
animal monoclonal antibody into a recombinant 
human monoclonal antibody providing that a suitable 30 

framework region can be identified (as described 
below). It is intended that the present invention 
Include the nucleotide and amino acid sequences of 
the murine CDR regions and the human framework 
regions either separately or combined as a light or 35 

heavy chain or an intact immunoglobulln and any con
servatively modified variants thereof. The animal 
monoclonals may Include, but are not limited to, those 
murine monoclonal antibodies desaibed by Van-
Voorhis et al., J. Exp. Med. 158: 126-145 (1983) 40 

which bind to human leukocytes and the appropriate 
mMAbs produced by hybridomas deposited in the 
Hybridoma Cell Bank maintained by the American 
Type Culture Collection (ATCC) and described in the 
ATCC Catalog of Cell Lines & Hybridomas, No. 6, 45 

1988. 
The CDR sequences from the animal monoclonal 

antibody are derived as follows. Total RNA is extrac
ted from the murlne hybrldomas, for example the 184 
myeloma cells described by Wright et al., Proc. NaU. so 
Aced. Scl USA 80: 5699-5703 (1983);-i°he 60.3 cells 
described by Beatty et al., J. lmmunol. 131: 2913-
2918 (1983), the TS1/18 cells described by Sanchez
Madrid et al., J. Exp. Med. 158: 1785-1803 (1983), 
and other anti-CD18 or CD11monoclonal antibodies 55 

and hybridomas as described in Leukocyte Typing Ill, 
Springer-Verlag, New York (1988), using standard 
methods involving ceHular solubillzatlon with guanidi-
nium lsothlocyanate (Chirgwin et al., Biochem. 18: 
5294-5299 [1979)). The murlne184 mMAb willbe 

6 

used as the primary example of animal MAb that can 
be ffhumanized• by the unique process being dis
closed. The invention Is Intended to include the con
version of any animal immunoglobulin to a human 
immunoglobulln. It is further Intended that human 
immunoglobulin (lg) can contain either kappa or 
lambda light chains or be one of any of the following 
heavy chain isotypes (alpha, delta, epision, gamma 
and mu). Pairs of degenerate oligodeoxynucleotlde 
primers (Figure 1) representing sequences within 
framework 1 of the murine kappa light chain variable 
region and light chain constant domain, or those 
within framework 1 of the murine lgG2a heavy chain 
variable region and heavy chain constant CH1 
domain are synthesized on an Applied Biosystem 
381A DNA synthesizer, removed from the resin by 
treatment with concentrated NH40H and desalted on 
a NAP-5 column eluted with H20. Total RNA, about 
2 µg, is reverse transcribed for about 30 min at about 
42° C using Moloney MLV reverse transcriptase, 
about 200 units (BRL), and about 10 pmoles of the 
constant region complementary strand primers for 
either the heavy or light chain. The reverse transcri~ 
tase is heat Inactivated, about 95° C for about 5 min, 
and the reactions are made to contain in about 100 µI 
of PCR buffer about 50 pmotes of each of the paired 
primers and and 25 units ofTaq polymerase. About45 
cycles of amplification (2', 94°C; 2', 55°C; 2' 72°C) 
are followed by gel purification of the anticipated 400+ 
base pair (bp) DNA fragments (Figure 2). Prior to sub
cloning those DNAs into a blunt-ended intennediate 
plasmid such as pSP72 (Promega) they are terminally 
phosphorylated using T 4 polynucleotide kinase. Fro
zen competent E.coli were thawed on ice and 100 pl 
aliquots were disbibuted Into wet Ice chHled polyp
ropylene tubes. DNA (1-10 ng) from the ligation mixt
ure wsa dispensed with aggitatlon into these tubes 
and incubated on ice was continued for 30 minutes. 
The E. coli cells were heat-shocked by incubation at 
42°Cfor 45 seconds, then chilled for 2 minutes on ice. 
Room temperature S.O.C. (Hanahan, D .• J.Mol. Blot. 
166: 557, 1983) was added and the cultures were 
shaken at 225 _RPM at 37° C for 60 minutes. Aliquots 
of the cultures were spread on LB agar plates contain
ing 100 pg/ml amplcillln and these plates were incu
bated overnight at 37° C to allow for colony growth. 
Multiple clones representing these PCR amplified 
sequences are grown and submitted to DNA sequ
ence determinations using Sequenase® and T7 and 
SP6 specific sequencing primers. A unique DNA 
sequence representing a murine lgG2a heavy chain 
variable region is obtained, but two kappa light chain 
variable regions are represented within the cloned 
population (Figure 3). To distinguish which sequence 
belongs to the 184 mMAb, the 184 mMAb is reduced 
with dithiothreitol (DTT) and purified heavy and light 
chains are subjected to N-terminal amino acid 
sequencingusingtheAppliedB1osystems477Asequ-
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encer. Tryptic and cyanogen bromide digested pep
tides are also sequenced. 

Replacement of human variable region CDRs 
with those unique to mMAb 184 is accomplished utili
zing the following unique processes. An appropriate 
human framework ls determined utilizing the criteria 
discussed above. A light chain variable region 

framework such as the REI framework (Orlandi, et al., 
Proc. NaH. Acad. Scl. USA 86 : 3833-3837 [1989] ; 
Riechmann et al., Nature 332 : 323-327 (1988) ; Euro
pean Patnet Application, Publication No. 239,400), 
with its leader and 3' intronic sequences, is subcloned 
Into the intermediate vector pGEM3Z (Promega). 
About eight oligodeoxynucieotide primers (Figure 4) 
are synthesized representing the primers necessary 
to generate by polymerase chain reaction (PCR} 
amplification four DNA fragments . Incorporated into 
all but the terminal ollgodeoxynucleotlde primers were 
those sequences corresponding to MAb 1 B4 light 
chain CDRs and at least 15 bases of 5'- terminal 
complementarity (see Figure 5). The appropriate 
primer pair, about 50 pmole each, was combined with 
about 10· ng of plasmid DNA representing the REI 
framework, about 2.5 units of Taq DNA polymerase 
and about thirty (30) cycles of PCR amplification 
ensued (cycle periods, as above). The products of the 
four reactions, purified by agarose gel 
electrophoresis, are combined, about 10 ng of each 
DNA fragment. along with terminal oligodeoxynuc
leotide primers (Figure 4) and Taq DNA polymerase 
and the combined fragments were PCR amplified 
(see Figure 5). Following restriction endonuclease 
digestion with Hlndlll and Xbal the ampllfled DNA is 
purified by agarose gel electrophoresis and sub
cloned into compatible sites of an Intermediate vector 
pSP72 (Promega) which contains the human kappa 
light chain constant region (see Figure 6). Genomic 
ONA, about 1 µg, purified from a human B cell line 
(GM0108A: NIGMS Human Genetic Mutant Cell 
Repository, Institute for Medical Research, Camden, 
NJ) Is used as a template for PCR amplification (Fig
ure 7) of about a 920 base pair fragment containing 
the splice acceptor for the kappa light chain constant 
domain, the exon and a portion of its 3'-untranslated 
region. The PCR product is purified by agarose gel 
electrophoresis, digested with BamH1 endonuclease, 
and subcloned into pSP72 previously linearized with 

BamH1. The Individual clones representing the 
pSP72 Intermediate vector containing both the 184 
grafted variable region derived from REI and the 
human kappa constant region derived by PCR ampli
fication of human DNA are used to determine the DNA 
sequence of the grafted light chain variable region. 

The chlmaeric heavy chain portion of the recom
binant antibody Is derived from the murine 1 B4 heavy 
chain variable region fused to the human constant 
region of a gamma 4 subtype obtained from a lambda 
library constructed by Flanagan and Rabbits, Nature 

300: 709-713 (1982). 
The variable region of the chimaeric heavy chain is 

5 constructed from three DNA fragments representing a 
signal sequence, a portion of the murine heavy chain 
variable region, and an intronic sequence (Agure 8). 
Oligodeoxynucleotide primer pairs (Figure 9) are syn
thesized representing the primers necessary to gen-

10 erate by PCR amplification these three DNA 
fragments from about 1 O ng of plasmid DNA tem
plates obtained from M13VHPCR1 (Orlandi et al., 
Proc. Natl. Acad. Sci. USA 86 : 3833-3837 [1989])or 
the pSP72 intermediate vector containing the lgG2a 

15 heavy chain variable region previously used to deter
mine the murine 1 B4 CDR sequence. Amplification of 
the signal fragment, variable region fragment and ln
tron-containing fragment was as described above. 
The agarose gel purified products are combined, 

20 about 1 O ng of each product, with terminal 
oligodeoxynucleotlde primer pairs (Figure 9) and the 
PCR-generated in vitro recombined template Is 
amplified using the standard procedures described · 

above. Prior to subclonlng Into a Bgill and BamHI 
25 digested intermediate vector pSP72 this recombined 

product is similarly digested and agarose gel purified. 
Individual clones are submitted to DNA sequence 
determination using Sequenase® and T7 and SP6 
specific sequencing primers and one Is chosen 

30 (p8950) for subsequent expression. 
The gamma 4 heavy chain constant reglon Is sub

cloned as about a 6.7 Kb Hindlll fragment derived 
from the plasmid pA T84 {Flanagan and Rabbltts, Nat
ure 300: 709-713 [1982]) Into the Hind Ill site of the 

ss intermediate vector pSP72. This plasmid is then used 
as the template DNA from which a shortened version 
of the gamma 4 constant region is subcloned using 
PCR amplification and the primer pairs Indicated In 
Figure 7. Eukaryotic expression vectors are conslru~ 

40 ted as described below. Expression vectors are 
defined herein as ONA sequences that are requlrad 
for the transcription of cloned copies of genes and the 
translation of their mRNAs in an appropriate host 
Such vectors can be used to express eukaryotic 

45 genes in a variety of hosts such as bacteria, blue
. green algae, plant cells, yeast cells, lnsed cells and 
animal cells. The immunoglobulins may also be exp
ressed in a number of virus systems. Specifically 
designed vectors allow the shuttling of DNA between 

so hosts such as bacteria-yeast or bacteria-animal cells. 
An appropriately constructed expression vector 
should contain : an origin of replication for autonom
ous replication in host cells, ·selectable markers, a 
limited number of useful restriction enzyme sites, a 

55 potential for high copy number, and strong promoters. 

7 

A promoter is defined as a DNA sequence that directs 
RNA polymerase to bind to DNA and Initiate RNA 
synthesis. A strong promoter Is one which causes 
mRNAs to be initiated at high frequency. Expression 
vectors may include, but are not limited to, clonlng 
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vectors, modified cloning vectors, specifically desig
ned plasmids or viruses. The heavy chain immunog-
lobulin molecule Is transcribed from a plasmid s 
carrying the neomycin (G418) resistance marker 
while the light chain immunoglobulin is transcribed 
from a plasmid carrying the hygromycin B resistance 
marker. With the exception of the drug resistance por-
tion of these plasmids they are identical. 10 

The preferred progenitor of the immunoglobulin 
expression vectors is the p05 (Bertcner and Sharp, 
Nucl. Acids Res. 13: 841-857 [1985)) eukaryotic exp
ression vector which contains the origin of adenovirus 
replication, the SV40 enhancer domain, the adenovi- 1s 
rus major late promoter, the adenovirus 2 tripartite 
leader, a 5' splice donor from the adenovirus third 
leader and a 3' splice acceptor derived from an 
immunoglobulln locus, a multiple cloning site placed 

. in the Barn H1 site subsequent to receipt of the vector, 20 

and the SV40 late polyadenylation signal (Figure 10). 
The origin of repRcatlon Is removed by digestion with 
Eco R1 and Kpnl and replaced by two fragments rep
resenting the neo selectable marker gene (derived 
from plasmid pCMVIE-AK1-DHFR as an Eco R1/Bam 2s 

H1 about 1.8 Kb fragment) and the lg heavy chain 
enhancer (obtained as a PCR amplified fragment 
using human ONA as the template, and the 
oligodeoxynucleotldes listed in Figure 7 as the primer 
pair, following its digestion with Bgl II and Kpn I). The 30 

resultant expression vector is found to lack a small 
portion of the TK promoter responsible for the tran
scription of the neomycin gene. This is replaced by 
insertion into the EcoRI site of about a 0.14kb PCR 
amplified fragment derived from the CMVIE-AK1- 35 

DHFR DNA using the primer pair listed in Figure 7. 
The resultant heavy chain expression vector (p8941) 
is modified by removal of the Indicated Hlndlll and 
Xbal sites using standard procedures. To convert this 
vector Into one expressing the hygromycin B select- 40 

able marker the neomycin-resistance cassette is 
removed by digestion first with Eco R1 followed by 
DNA polymerase-directed fill in of the 5' overhang, 
then subsequent Sall digestion. The about 1.9 kb hyg-
romycin B expression cassett ,TK promoter and TK 45 

polyadenylatlon signal flanking the hygromycin B 
gene, (obtained as a 1.8 kb BamH1 fragment in plas-
mid pl690, Gritz and Davies, Gene 25; 179-188 
(1981)) Is removed from the plasmid pAL-2 by Bam H1 
digestion and subcloned Into the BamH1 site of the so 
intermediate vector pSP72. The hygromycln B cas-
sette Is removed from this vector by digestion with 
Smal and Sall and cloned into the expression vector 
linearized as described above to create a blunt end 
and Sall end DNA fragment ss 

Expression of the 184 CDR-grafted kappa light 
chain Is accomplished by transferring this clstron from 
the pSP72-based Intermediate cloning vector (p8952) 
to the hygromycln B selectable eukaryotlc expression 
vector (see Agure 6). An about 1.5 kb DNA fragment 

8 

resulting from the endonuclease digestion of p8952 
with Spe I and Cla I is purified by agarose gel 
electrophoresis and ligated Into the expression vector 
which has previously been linearized, following diges
tion with the same two restriction enzymes, and egar
ose gel purified. The heavy chain eukaryotic 
expression vector is constructed in two steps (see 
Figure 11). First, the p8950 vector containing the 
modified heavy chain variable region of murine 1B4 
Kb fragment Is digested with Bgl II and Bam H1. The 
agarose gel purified 0. 75 kb fragment is ligated into 
the BamH1 site of the p8941 vector and recombinant 
clones containing this fragment in the proper orien
tation are identified. Plasmid ONA from one such 
clone Is linearized by 8am H1 digestion and ligated 
with a 1. 78 Kb BamH1 fragment representing a short 
version of the human gamma 4 constant region, 
derived from plasmid pAT84 by PCR amplification . 
Following the Identification of clones containing these 
inserts in the appropriate orientation, plasmid DNAs 
(one which is referred to as p8953) are grown and 
purified for transfection into recipient mammalian 
cells. Host cells for the expression of humanized 
monoclonal antibodies include, but are not limited to, 
human cells such as 293 cells, monkey cells such as 
COS-7 and CV-1P, and other mammalian cells such 
as CHO and NSO. 

Equal amounts, about 10 µg, of the plasmids 
encoding the chimeric lgG4 heavy chain and the 1 B4 
CCR-grafted kappa light chain are transfected by 
standard calcium phosphate precipitation procedures 
into human 293 cells, and the monkey cells COS-7 
and CV-1 P. The culture supemants are assayed by a 
trapping Bise (described below) for the secretion of 
human lgG4/kappa lmmunoglobulln. This Elisa assay 
is also employed for the quantltatlon of the amounts 
of a humanized 1 B4 recombinant antibody expressed 
in conditioned mammalian cell growth medium. 

lmmulon--2 (Oynatech Labs.) 96--well plates 
are coated overnight with about a 5 µg/ml solution of 
mouse anti-human kappa chain constant domain 
monoclonal antibody (cat. #MC009, The Binding Site, 
Inc., San Diego, CA) in about 0.1 M NaHC~ buffer 
(pH 8.2) at about 4°C, and blocked with about 1"/o 
bovine serum (BSA) In about 0.1M NaHC03 for about 
1 hat about 25° C. After this and all subsequent steps, 
washing was performed with phosphate buffered 
saline (PBS). The wells are then inoculated with con
ditioned medium containing recombinant anti-CD18 
antibody, or with predetermined quantities of human 
lgG4/kappa purttled by protein A Sepharose (Phar
macia Fine Chemicals) chromatography from human 
lgG4 myeloma serum (cat# BP026,The Binding Site, 
Inc.) All samples are diluted In PBS containing about 
0.05"/o Twee..._20. About 100 µI aliquots are incu
bated for about 1 h at about 37°C in triplicate, and 
standard calibration curves are constructed using 
lgG4 concentrations ranging from about 10 ng/ml to 
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about 100 ng/ml. Bound and fuDy assembled human 
lgG4 (either native or recombinant 184-human lgG4 
constructs) are detected with about 100 µI aliquots of s 
a 1 :500 dilution of mouse antl--human lgG4 Fe 
monoclonal antibody conjugated to alkaline phos
phatase (cat#OS-3822, Zymed Laboratories, Inc.) in 
phosphate buffered saline (PBS) containing about 1 % 
BSA. After incubation for about 1h at about 37°C and 10 

subsequent washing, the quantities of bound conju-
gate are detected by Incubating all samples with a 1 
mg/ml solution of p-nitrophenyl phosphate in 0.1 M 
2,2'amlno-methyl-propanediol buffer, pH 10.3, for 
about 30 min at about 25°C. The adsorbance of the 15 

wells is determined with a UV Max ELISA plate reader 
(Molecular Devices) set at 405 run. All supernatant 
fluids from the transfected cells are found to contain 
this immunoglobulin, though in various amounts (Fig-
ure 12). The antibody secreted by the transfected 293 20 

cells is isolated by protein A chromatography and the 
the concentration of recombinant human anti-CD18 
antibodies detennlned by the trapping Elisa described 
above, are used to compete with the binding of 
radlolabeled murine 184 to the CD18 ligand on the 25 

surface of activated human PMNs. Affinities of vari-
ous recombinant human anti-CD18 (r-h-anti-CD18) 
antibody constructs are determined using a competi-
tive 1251-184 soluble binding assay with stimulated 
human polymorphonuclear leukocytes (PMNs). Puri- 30 

fled murine antl-CD18 monoclonal antibody (50 ug) Is 
Iodinated using chloramine-T (Hunter and Green
wood, Nature 194: 495-496, 1962), and the 
radlolabeled antibody purified using a Bio-Sil TSK250 
(Biorad) gel filtration HPLC column (which fraction- 35 

ates proteins in the range of 1-300 x 103 daltons) 
equilibrated in 0.1 M phosphate buffer, pH 7 .0. 
Effluent radioactivity is monitored with an in-line 
detector (Beckman Model 170 ; Beckman) and total 
protein measured at 00280 with a Kratos Spectroflow 40 

757 detector (l<ratos). A single 1251-184 peak com
posed of coincident 00280 and radioactivity tracings 
characterlstlcally elutes about 6 minutes, 30 seconds 
following sample injection. Specific activity of the pro-
duct Is generally about 10 µCi/µg protein, and 97-99% 45 

of the counls are precipitable with 10% trichloroacetic 
acid. The binding of this radiolabeled antibody is 
assessed on human PMNs purified on a discontinu-
ous Ficoll/Hypaque gradient (English and Anderson, 
J.lmmunol.Methods5 :249-255, 1974)andactlvated so 
with about 100 ng/ml phorbol myrlstate acetate for 
about 20 minutes at about 37°C (Lo et al., J. Exp. Med. 
169: 1779-1793, 1989). To detennlne the avidity of 
antibodies for CD18 molecules on the PMN surface, 
about 1 x 1 Q6 activated PMNs are Incubated in a buffer 55 

such as Hanks balanced salt solution containing 
about 20 mM Hepes (pH 7.2). about 0.14 units aproti-
nin (Sigma Chemical Co.) and about 2% human 
serum albumin (binding buffer) containing about 1.3 
ng 12&1.184 (2.8 x 10-11M) in the presence of lncreas-

9 

ing concentrations of unlabeled 184 antibody (about 
10-1 to 10-1& M) in about a 300 tu reaction volume for 
about 1 hat about 4°C with constant agitation. Cell 
bound 1 B4 is separated from the unbound antibody 
by centrifugation through a 0.5M sucrose cushion 
(4,800 x g, 3 minutes) ; the tubes are frozen on dry Ice, 
and the tips cut off and counted with an LKB gamma 
counter. The IC50 of the anll-CD18 antibody for the 
inhibition of 125(-184 antibody binding is calculated 
using a four parameter fitter program (Rodbard et al., 
In, ·Radioimmunoassay and Related Procedures in 
Medicine" , International Atomic Energy Agency, 
Vienna, vol I, 469 - 504, 1978). The affinity of the vari
ous recombinant humanized anti-CD18 (r-h-anti
CD18) antibodies for the CD18 llgand Is determined 
in a similar manner using murine 1251-194 antibody 
and increasing quantities, as determined by the trap. 
ping Elisa, of unlabeled r-h-antiCD18. The results of 
the binding assays are shown in Figure 13 and indi
cate that the avidity of the chimaeric heavy 
chain/grafted light chain recombinant 184 antibody is 
approximately that of the murine 184 monoclonal anti
body. 

The results described above show that an anti
body with human isotype may be recomblnanUy exp. 
ressed following the transfer of the antigen binding 
domains from a first animal (murine) light chain 
framework to a second animal (human) llght chain 
framework one fused with a human kappa constant 
region, when combined with a chbnaerlc heavy chain 
(murine heavy chain variable region fused to a human 
gamma 4 constant domain) without loss in avidity for 
the antigen. It can be Inferred from this result that the 
human REI light chain framework region does not 
alter the presentation of the murine 184 light chain 
CDRs and/or the contribution of the light chain CDRs 
to the antibody's avidity is minimal. Many of the exam
ples of construction of recombinant human antibodies 
containing complementarity regions replaced by 
those found within murine monoclonal antibodies 
have resulted in loss of avidity for the ligand or anti
gen. Thus, although these transmutations are poss
ible, the successful maintenance of avidity is not 
assured. The procedures described below demon
strate that when strict attention Is peyed to the 
framework regions, CDR domains may be transferred 
to those frameworks without the loss of avidity which 
accompanies their transfer to the •generic" 
frameworks employed by Winter, European Patent 
Publication No. 239,400, published September 30, 
1987. 

To identify human framework sequences compat
ible with the CDRs of, say, murine 184, human 
frameworks with a high degree of sequence similarity 
to those of murine 184 were identified. Sequence 
similarity was measured using Identical residues as 
well as evolutionarily conservative amino acid su~ 
stitutlons. Similarity searches were perfonned using 
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the murlne 1 B4 framework sequence from which the 
CDR sequences had been removed. This sequence 
was used to query a database of human lmmunoglo
bin sequences that had been derived from multiple 
sources. Sequences with a high degree of sequence 
slmllarity were examined individually for their poten
tial as humanizing framework sequences. Special 
attention must be given to those framework residues 
which are not located or exposed on the surface of the 
antibody since these residues will play a critical role 
in the packing of the COR supporting scaffolding. In 
this way, the human homologue providing the murine 
CDRs with the structure most similar to their native 
murine framework was selected for subsequent con
struction of the humanized variable region (see Figure 
14 ). It should be noted that In the present Invention the 
heavy and light chain framework sequences chosen 
for grafting need not be derive from the same human 
antibody. That is to say, using the above mentioned 
criteria for choosing human frameworks the entire 
accumulated human nucleic acid and protein datab
ases may be searched for the desired matching sequ
ences. The Ideal light chain framework may come 
from one immunoglobulln sequence whUe the heavy 
chain framework may come from · another. Should 
human frameworks of sufficient similarity not be iden
tifiable from compiled sequences, it is possible to Iso
late from human genomic DNA a group of closely 
related variable regions using recombinant technol
ogy. Thus, a degenerate 5' upstream ollgodeoxynuc
leotlde primer may be designed from the conserved 
sequences within the amino-terminus of each of the 
various human FR1 regions and paired with a degen
erate 3' downstream oligodeoxynucleotide primer 
fashioned from the FR3 sequence determined from 
the murlne monoclonal whose CDRs one wishes to 
transfer Into e human context. These primer pairs are 
then used to PCR amplify from a human genomic tem
plate those DNA sequences which are flanked by the 
primer pair. The resulting DNAs may then be doned 
and the DNA sequence derived from individual mem
bers will describe various murine-related human vari
able regions. The paucity of somatic mutations in 
framework residues and the conservation of amino 
acid sequence between mouse and man make this 
approach possible. 

The construction of a complete recombinant 
human lgG4 antibody, whose heavy and light chain 
variable domains contain the CDR residues of the 
murlne monoclonal antibody, with complete retention 
of the specificity and avidity of the parent murine 
monoclonal antibody Is disclosed. The construction of 
the CDR-grafted light chain framework derived from 
the human sequence of REI fused with a human 
kappa lighth chain constant region Is described 
above. 

The murlne variable region framework sequence, 
devoid of CDR sequences, Is used to query a datab-

ase of complete human variable region sequences. 
The human sequences that are most similar to the 

s murlne framework region are then analyzed individu
ally to determine both their sequence identity and 
similarity to the murine framework region. In the case 
of murine 1 B4 these sequences include, but are not 
limited to, Gal and Jon, chosen because of their high 

10 degrees of both simHarity and identity with the murine 
1 B4 heavy chain sequence. The Gal FR has been 
shown to be 85% slmffar and 79% Identical to murine 
1 B4, while the Jon FR has been shown to be 88% 
similar and 75% Identical to 1B4. These values are 

1s based upon the Dayhoff similarity matrix of evolutio
narily conserved amino acid substitutions (R. M. 
Schwartz. M. 0. Dayhoff, In Atlas of Protain sequence 
and structure M. O. Dayhoff, Eds. (National Biomedi
cal Research Foundation, Washington, DC [1979]) 

20 (see Figure 14). To prepare a recombinant DNA 
encoding the murine heavy chain CDRs in the context 
of each of these frameworks the following procedures 
are performed. 

Two sets of four long ollgodeoxynucleotides are 
25 synthesized. When each set is combined, they 

encode the 1B4 heavy chain CDRs and the chosen 
human heary chain variable region framework. The 
four oligodeoxynucleotides of a set, about 1 pmole of 
each, are combined in a PCR reaction with Taq 

30 polymerase and about 50 pmoles of each terminal 
amplifying oligodeoxynucleotide (Figure 15, Figure 
16). By virtue of the complementary ends of the sin
gle-stranded ollgodeoxynucleotldes, the polyme~ 
zation-denaturation-polymerization cycles of the 

35 polymerase chain reaction result in the formation, and 
subsequent amplification, of the combined sequ
ences. Following about 25 cycles of amplification the 
combined 0.4 Kb fragment Is electrophoretically puri
fied from an agarose gel. In parallel, two DNA frag-

40 ments representing amino terminal sequences 
encoding the signal peptide and carboxy terminal 
sequences encoding framework 4, splice donor, and 
intronic sequences are amplified using 
ollgodeoxynucleotide primer pairs (Figure 15) and the 

..s NEWM containing plasmid DNA template M-
13VHPCR1 (described above). These two fragments 
are agarose gel purified, as above, and about 10 ng 
of each Is combined with about 10 ng of the amplified 
grafted variable region fragment, Taq polymerase, 

50 about 50 pmoles of each of the terminal primers (Fig
ure 15) and the mixture was PCR amplified. The resul
tant 0.85 Kb fragment is digested with restriction 
enzymes Spe I and BamH1. Following agarose gel 
electrophoresis, the purified DNA fragment is ligated 

ss into the heavy chain expression vector, p8958 (see 
Figure 11 ), In place of the chimaeric variable region. 
In this way, two unique heavy chain frameworks con
taining the grafted murine CORs (Jon/1B4 and 
Gal/1 B4) are constructed. Each fully grafted heavy 
chain expression vector plasmid Is co-transfected 

10 
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with the fully grafted REl/1 B4 light chain expression 
vector plasmid into 293 cells end the recombinant 
human antibody Is present in conditioned medium. 5 

The Gal/1B4 :REJ/1B4 heterodlmeric human (fully 
humanized) recombinant antibody Is isolated by pro-
tein A chromatography. The avidity of this antibody for 
the CD18 ligand displayed on the surface of activated 
human PMNs is compared with that of the 16 
chlmaericfgrafted antibody, described above, and the 
1 B4 murine monoclonal antibody parent. Figure 20 
shows that although each hetero-dlmerlc antibody 
contains the same set of six CORs, they do not exhibit 
identical avidity for the ligand. Thus, the avidity of an 15 

antibody molecule relies upon the variable region 
framework structure In which the CDRs are presen-
ted. The parent murine monoclonal antibody demon
strates an IC50 of about 0.5 nM while the Gal/Rei 
heterodimer has an IC50 of about 1.6 nM. 20 

To determine the relative contribution of the 
heavy and light chain variable regions to the enh
anced avidity of the Gal/RB grafted hetero-dimer, 
second llght chain and heavy chain frameworks were 
constructed containing the 184 COR sequences. 25 

These frameworks, termed Len and mutant Gal or 
Gal-M1 were chosen from the human immunoglobulin 
database by virtue of their high degree of simHarlty to 
the light chain FR and heavy chain FR of murine 1 B4 
(Figure 14). The Len FR shows a similarity of 90% and 30 

an Identity of 81 "lo when compared to murine 1 B4. The 
resulting recombinant antibodies which specifically 
bind to CD18 antigen or receptor are termed recom
binant human antl-C018 antibodies (r-h-anti-C018 
Abs). 35 

This Invention further relates to a method of 
inhibiting Iha Influx or migration of leukocytes capable 
of expressing CD1 a antigen (leukocyte lntegrln, beta-
2 subunit) on their surface into a site of Inflammation 
or a tissue area or organ that will become Inflamed fol- 40 

lowing an Influx of the cells. The Inflammation which 
is the target of the method of the present invention 
may result from an infection with pathogenic microor
ganisms such as gram-positive and gram-negative 
bacteria, parasites and fungi. The response may also 45 

be induced by viruses and non-infectious means such 
as trauma or reperfusion following myocardial infarc-
tion or stroke, Immune responses to foreign antigen 
and autoimmune responses. 

The recombinant human antl-CD18 antibodies 50 

are useful In the treatment of Inflammation In lung, 
central nervous system, kidney, joints, endocardium, 
pericardium, eyes, ears, skin, gastrointestinal tract 
and urogenital system. Disease states In which the 
recombinant human antl-CD18 antibodies are useful 55 

as therapeutic agents include, but are not limited to : 

infectious diseases where active Infection exists at 
any body site, such as meningitis ; conditions such as 
chronic or acute secondary inflammations caused by 
antigen deposition ; and other conditions such as, 

11 

encephalitis ; arthritis ; uveitis ; colitis ; 
glomerulonephritis ; dermatitis ; psoriasis ; and res
piratory distress syndrome associated with sepsis 
and/or trama. Other inflammatory diseases which 
may be responsive to recombinant human antl-CD18 
antibody include, but are not limited to, Immune dis
orders and conditions Involving T-cell and/or 
macrophage attachment/recognition, such as acute 
and delayed hypersensitivity, graft vs. host disease; 
primary auto-Immune conditions such as pernicious 
anemia ; infection related auto-immune conditions 
such as Type I diabetes meHitis ; flares during 
rheumatoid arthritis ; diseases that Involve leukocyte 
diapedesls, such as multiple sclerosis ; antigen-anti
body complex mediated diseases including certain of 
the secondary Infection states . listed above ; 
immunosuppression ; and transplant rejection. 
Inflammatory conditions due to toxic shock or trauma 
such as adult respiratory distress syndrome and 
reperfusion injury ; and disease states due to leuko
cyte dyscraslas and metastasis, are Included within 
the scope of this Invention. 

The present invention is also applicable to the 
inhibition of leukocyte-endothelial attachment for 
diagnostic and therapeutic purposes ; such as the iat- · 
rogenic opening of the endothelium to prevent the 
Ingress of leukocytes during the Ingress of a dye or 
image enhancer into tissue, or to allow the selective 
entry of a therapeutic drug In the Instance of chemo
therapy ; or to enhance the harvesting of leukocytes 
from patients. 

Recombinant human anti-C018 antibodies or an 
active fragment thereof can be used to treat the above 
mentioned diseases. An active fragment will Include 
the F(ab')2, the Fab and any other fragment that can 
bind to the CD18 antigen. Recombinant human antl
CD18 antibodies can be administered alone for non
Infectious disease states or combined with antibiotics 
or other anti-infective agents for the treatment of 
infectious diseases for reasons discussed above . . 
Administration wm generally Include the antibodies 
and other substance in a physiologically acceptable 
medium or pharmaceutical carrier. Such physiologi
cally acceptable media or phamaceutical carriers 
Include, but are not limited to, physiological saline, 
phosphate buffered saline, phosphate buffered saline 
glucose, buffered saline and the like. The antibodies 
and any anti-Infective agent wlll be administered by 
parenteral routes which include intravenous, 
intramuscular, subcutaneous and lntraperltoneal 
Injection or delivery. 

The amount of the antibodies and the mixture in 
the dosage form Is dependent upon the particular dis
ease state being treated. The amount of the reeom
binant human anti-CD16 antibody utilized In a dosage 
form can range from about 1 to about 1,000 mg, with 
a range of from about 10 mg to about 100 mg being 
preferred. The antibodies can be administered daily 
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or less than daily as detennlned by the treating physi
cian. 

The following examples illustrate the present 
Invention without, however, limiting the same thereto. 

EXAMPLE 1 

Preparation of a Grafted I Chimaeric Recombinant 
Antibody 

An antibody was produced in which the variable 
domain of the light chain comprises the framework 
regions of a human light chain and the CDRs from a 
mouse light chain, while the variable domain of the 
heavy chain is derived entirely from the murine heavy 
chain. The light chain framework regions were derived 
from human myeloma protein REI (Orlandi, et al .• 
Proc. Natl. Acad. Sci. USA 86: 3833-3837 [1989]; 
Riechmann et al., Nature 332 : 323-327 [19881 ; Euro
pean Patnet Application, Publication No. 239,400) for 
which the crystallographic structure has been deter
mined. The COR sequences from the murine monoc
lonal antibody 184 which binds to CD18 (the beta 
subunit of the leukocyte integrin beta-2 family which 
Includes: LFA-1, Mac-1, and p150.95) were derived 
as follows. The hybridoma designated 184 which pro
duces 184 monoclonal antibody was deposited under 
the Budapest Treaty at the International Depository 
Authority: American Type Culture Collection, 12301 
Parklawn Drive, RockvUle, MD, ~0852. Viability was 
determined on June 6, 1989 and the hybridoma was 
designated HB 10164. Previous experiments had 
determined this antibody to be an lgG 2a with a kappa. 
light chain (Wrlghtetal., Proc. Natl.Acal. Sci. USA80: 
5699-5703 [1983D~- -

Total RNA was extracted from the 184 myeloma 
cells using standard methods involving cellular solubi
lization with guanidlnlum isothiocyanate (Chirgwin et 
al., Blochem. 18: 5294-5299 [1979D. Sets of degen
erate oligonudeotide primers {Figure 1) representing 
sequences within framework 1 of the murine kappa 
light chain variable region and kappa light chain con
stant domain, or those within framework 1 of the 
murine lgG2a heavy chain variable region and heavy 
chain constant CH1 domain were synthesized by 
standard phosphoramldlte procedures on an Applied 
Blosystem 381A DNA synthesizer. Removal of the 
ollgodeoxynucleotldes (oligos) from the resin was 
accomplished by treatment with concentrated NH.OH 
followed by desalting on a NAP--S column (Phar
macia) with H20 elution (when the oligos were <45 
bases in length), or by use of an OPC column (Applied 
Biosystems Inc) with 20% acetonltrile elution (when 
the oligos were >45 bases In length), as recommen
ded by the manufacturers. Total RNA (2µg) was 
reversed transcribed for 30' at 42°C using Moloney 
MLV reverse transcriptase (200 units, BRL) and 10 
pmoles of the constant region complementary strand 

primers representing either heavy or light chain in a 
buffer {final volume of 20 µI) containing 50 mM Tris 

5 HCI, pH 8.3, 75 mM KCI, 3 mM MgCl;z, 10 mM on. 
and 20 units of RNAsin (Pharmacia). The reverse 
transcriptase was heat inactivated (95°C, 5') and the 
reactions were made to contain In 100 µI of PCR buf
fer (10 mM Tris HCI, pH 8.3, 50 mM KCI, 1.5 mM 

10 MgCl2, 0.01% gelatin, 200 µMeach dNTP), 50 pmoles 
of each of the paired primers, and 2.5 units of Taq 
polymerase (Perkin Elmer/Cetus). Polymerase chain 
reaction {PCR} amplification was carried out essen
tially as described by Saiki et al., Science 230 : 1350-

15 1354 (1985) and others (Mlillis et al., Cold Srping 
Harbor Symp. Quant Biol. 51 : 263-273 [1986), 
Dawasaki and Wang, PCR Technology, Prlncples 
and Applications for DNA Amplification, Erlich, Ed., 
Stockton Press, NY, pp. 89-97 [1989}, Tung et al., 

20 ibid. pp. 99-104 [1989D, Forty five cycles of amplifi
cation by a DNA Thermal Cycler (Perkin Bmer Cetus 
Instruments) (2', 94°C; 2', 55°C: 2' 72°C) were fol
lowed by gel purification of the anticipated 400+ base 
pair (bp) DNA fragments (Figure 2). Prior to subclon-

25 ing the DNAs into a blunt-ended intermediate plasmid 
(pSP72, Promega) they were terminally phosphory
lated using T 4 polynucleotide kinase (Boehringer 
Mannheim). Frozen competent E.coli were thawed on 
ice and 100 1,11 aliquots were distributed into wet ice 

30 chilled polypropylene tubes. DNA (1-10 ng) from the 
ligation mixture was dispensed with aggitation into 
these tubes and the mixture was incubated on Ice was 
for 30 minutes. The E. coli cells were heat-shocked by 
incubation at 42° C for 45 seconds, then chilled for 2 

35 minutes on ice. Room temperature S.O.C. (Hanahan, 
D., J.Mol. Biol. 166: 557 [19831) was added and the 
cultures were shaken at 225 RPM at 37° C for 60 
minutes. Aliquots of the cultures were spread on LB 

· agar plates containing 100 µg/mlampicillin and these 
40 plates were incubated overnight at 37°C to allow for 

colony growth. 
Multiple clones representing these PCRamplified 

sequences were isolated form DH5 transfonned E.co
li plated on LB agar plates containing 50 µg/ml 

45 ampicillin, grown by described procedures (Maniatis 
et al., Molecular Cloning, A Laboratory Manual, Cold 
Spring Harbor Laboratory, Cold. Spring Harbor, NY, 
1982), plasmid DNAs were extracted from the bac
teria using the DNA preparation procedures of Bim-

60 boin and Doly Nucleic Acid Res. 7: 1515 (1979), and 
the double-stranded plasmid DNAs were submitted to 
DNA sequence determinations using Sequenase® 
(United States Biochemicals) and T7 and SP6 speci
fic sequencing primers (Boehringer Mannheim) using 

55 the protocols recommended by the manufacturer. A 
unique DNA sequence representing a murine lgG2a 
heavy chain variable region was obtained, but two 
kappa light chain variable regions were represented 
within the cloned population (Figure 3). To distinguish 
which sequence belonged to the 184 MAb, the 184 
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MAb was reduced with OTT and purified light chains 
were subjected to N-tennlnal amino acid sequencing 
using the Applied Biosystems 477A sequencer. 5 

Although stretches of amino acid residues were Iden-
tical to the mMAb 1B4 observed within the 1B4 light 
chain -1 sequence predicted from the cDNA. 1 B4 light 
chain -2 (Figure 25) was deemed to be the actual 
sequence of the MAb 1B4 light chain. This is consis- 10 

tent with the determined DNA sequence of the light 
chain-1 molecule (Figure 24} which suggests it repre-
sents a murlne kappa light chain variable region of 
subgroup Ill containing a mutation In the CDR3JFR4 
region whose consequence is peptide chain terml- 1s 
nation. 

Replacement of the human REI variable region 
CO Rs with those unique to MAb 1 B4 took place as fol
lows. The REI framework (obtained as the RF form of 
the M13 vector M13VKPCR1, Orlandi et al., Proc. 20 

Natl. Aced. Sci. USA 86 : 3833 (1989), with Tts signal 
peptide leader and lntronic sequences, was sub
cloned into the Intermediate vector pGEM3Z (Prom-
ega), as was the NEW or NEWM heavy chain variable 
region framework (obtained in the fonn of the M13 25 

vector M13VHPCR1, Ortandl et al., supra}. Eight 
ollgodeoxynucleotldes (Figure 4) were synthesized 
representing the primers necessary to generate by 
PCR amplification four DNA fragments. Incorporated 
Into all but the terminal oligodeoxynucleotides were so 
those sequences corresponding to the mMAb 1 B4 
light chain CDRs and at least 15bases of 5'-termlnal 
complementarity (see Figure 5). The appropriate 
primer pair (50 pmole each) was combined with 10 ng 
of REI framework-containing plasmid ONA, 2.5 units 35 

of Taq DNA polymerase, PCR reaction components 
and buffer, and thirty (30) cycles of PCR ampliflcation 
ensued (cycle periods, as above). The products of the 
four reactions, purified by agarose gel 
electrophoresis, were combined (1 O ng of each DNA 40 

fragment) along with a terminal oligodeoxynucleotide 
primer pair (amplifier) (Figure 4), Taq DNA polymer-
ase, PCR reaction components and buffer, and the 
subsequent recombined fragments were amplified, as 
described above, for thirty cycles (see Figure 5). Fol- 45 

lowing restriction endonuclease digestion with Hindlll 
and Xbal the amplified ONA was purified from an 
agarose gel and subcloned into these same sites of 
an intermediate vector pSP72 {Promega) which con-
tained the human kappa light chain constant region, so 

· obtained as follows. DNA (1 J19) purified from a human 
B cell line {GM01018A; NIGMS Human Genetic Mut
ant Cell Repository, Institute for Medical Research, 
Camden, N.J. 08103) was used as a template for the 
ollgodeoxynucleotide primers described in Figure 7 to 55 

PCR amplify a 920 base pair fragment containing the 

splice acceptor for the human kappa light chain con-
stant domain, the exon and a portion of Its 3'-untrans-
lated region (PCR primer pair choice was selected 
based on the kappa constant region sequence des-

13 

cribed by Hieter et al., Cell 22: 197-207 (19801). The 
PCR product was purified by agarose gel 
electrophoresis, digested with BamH1 endonuclease, 
and subcloned Into pSP72 (Promega) previously 
linearized with BamH1. 

The Individual clones (p8982) representing the 
pSP72 intermediate vector containing both the 184 
grafted light chain variable region derived from REI 
and the human kappa constant region derived by PCR 
amplification of human DNA were used to verify the 
DNA sequence of the grafted light chain variable reg
ion. The chimaeric heavy chain portion of the recom
binant antibody was derived from the murlne 184 
heavy chain variable region fused to the human con
stant region of gamma 4 subtype obtained from a 
lambda library constructed by Flanagan and Rabbitts, 
Nature 300: 709-713 (1982). 

The variable region of the chlmaerlc heavy chain 
was constructed from three DNA fragments repre
senting a signal sequence, a portion of the murlne 
1 B4 heavy chain variable region, and an intronic 
sequence {Figure 8). Ollgodeoxynudeotide primer 
pairs (Figure 9) were synthesized representing the 
primers necessary to generate by PCR ampllficatlon 
these three DNA fragments from 10 ng of plasmid 
DNA template containing either the NEW heavy chain 
variable region (M13VHPCR1) or a pSP72 Inter
mediate vector containing the lgG 2a heavy chain reg
ion previously used to detennine the murine 1 B4 CDR 
sequence. Amplification of the 225 bp signal frag
ment, 350 bp variable region fragment, and 230 bp in
tron-contalning fragment was perfonned as described 
above. The agarose gel purified products were com. 
bined (10 ng of each product} with terminal primer 
pairs (Figure 9) and the PCR-generated In vitro 
recombined template was amplified using the stan
dard procedure described above for recombining the 
fragments comprising the 184 grafted REI light chain 
variable region. Prior to subdoning Into a Bglll and 
BamHI digested intermediate vector (pSP72) Prom
ega) this recombined product was similarly digested 
and agarose gel purified. DNA was obtained following 
growth of individual bacterial clones and submitt~ to 
ONA sequence detennination using Sequenase® 
and T7 and SP6 specific sequencing primers in order 
to verify the sequence of the reconstructed variable 
region and Its flanking domains. 

The gamma 4 heavy chain constant region was 
subdoned as a 6. 7 Kb Hlndlll fragment derived from 
the plasmid pA T84 {Flanagan and Rabbitts, supra) 
into the Hind Ill site of the intennediate vector pSP72 
(Promega). This plasmid (p8947) was then used as 
the template DNA from which a shortened version of 
the gamma 4 constant region was obtained using the 
standard PCR amplification procedures described 
above and the primer pairs Indicated In Figure 7. 
Eukaryotlc expression vectors were constructed as 
described below such that the heavy chain lmmunog-
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lobulln molecule was transaibed from a plasmid car
rying the neomycin (G418) (Rothstein and Reznikoff, 
Cell 23: 191-199 [1981D resistance marker, while the 
light chain lmmunoglobulin was transcribed from a 
plasmid carrying the hygromycin B resistance marker 
(Gritz and Davies, Gene 25: 179,.188 (1983]}. With 
the exception-of the drug resistance portion of these 
plasmids they are identical. 

The progenitor of the immunoglobulin expression 
vectors was the pD5 eukaryotlc expression vector 
(Berkner and Sharp, Nucl. Acids Res. 13 : 841-857 
[1985)) which contained the origin of adenovlrus rep
lication, the SV40 enhancer domain, the adenovlrus 
major late promoter, the adenovirus 2 tripartite leader, 
a 5' splice donor from the adenovirus third leader and 
a 3' splice acceptor derived from an immunoglobulin 
locus, a multiple cloning site, and the SV40 late 
polyadenylatlon signal (Figure 10). The origin of rep
lication was removed by digestion with Eco R1 and 
Kpnl and replaced by two fragments representing the 
neo selectable marker gene (derived from plasmid 
pCMV1E-AK1-DHFR (Silberklang et al., Modem 
Approaches to Animal Cell Technology.Ed. Spier~ 
al., Butterworth, U.K., (1987]) as an Eco R1/Bam H1 
1.8 Kb fragment) and the lg heavy chain enhancer 
(obtained as a PCR amplified fragment using stan
dard procedures described above and human DNA as 
the template ; the oligonucleotide primer pair is listed 
In Figure 7) following its digestion with Bgl II and Kpn 
I. The resultant expression vedor was found to lack a 
small portion of the TK promoter responsible for the 
transcription of the neomycin gene. This was replaced 
by insertion into the EcoRI site of a 0.14 kb PCR 
amplified fragment derived from the CMV1E-AK1-
DHFR DNA using the primer pair also listed in Figure 
7. The resultant heavy chain expression vedor was 
subsequently modified by removal of the indicated 
Hindlll and Xbal sites. To convert this neomycin 
selectable vector (p8941) into one expressing the 
hygromycin B selectable marker (p8942) (Figure 10) 
the neomycin-resistance cassette was removed by 
digestion first with Eco R1 followed by DNA polyme
rase-directed fill in of the 5' overhang, then subse
quent Sall digestion. The 1.9 kb hygromycin B 
expression cassette [TK promoter and TK polyadeny
latlon signal flanking the hygromycin B gene obtained 
from Gritz and Davies, Gene 25: 179-188 (1983), as 
the 1.9 kb BamH1 fragment in plasmid (pLG90)] was 
removed from the plasmid pAL-2 by Bam H1 digestion 
and subcloned into the BamH1 site of the intannedlate 
vector pSP72 (Promega). The hygromycin B cassette 
was removed from this vector by digestion with Smal 
and Sall and doned into the expression vector 
linearized as described above to create a blunt end 
and Sall end DNA fragment 

Expression of the 1 B4 CCR-grafted kappa light 
chain was accomplished by transferring this cistron 
from its position within the pSP72 Intermediate vector 

to the hygromycln B selectable eukaryotic expression 
vedor (Figure 18). A 1.5 kb DNA fragment resulting 

5 from the endonuclease digestion of p8952 with Spel 
and Clal was purified by agarose gel electrophoresis 
and ligated into the expression vedor (p8942) which 
had previously been linearized, by digestion with the 
same two restriction enzymes and agarose gel puri-

10 fled. 
The heavy chain eukaryotic expression vector 

(p8958) was constructed in two steps (Figure 11). 
First, p8949 containing the modified heavy chain vari
able region of murine 184 was digested with Bgl II and 

15 Barn H1. The agarose gel purified 0.8 kb fragment 
was ligated Into the BamH1 site of the p8941 vedOr 
and recombinanls containing this fragment in the pro
per orientation were Identified. One such plasmid was 
linearized by BamH1 digestion and ligated with the 

20 1.8 Kb BamH1 fragment representing a short version 
of the human gamma 4 constant region derived from 
plasmid p8947 by PCR amplification as described 
above. Following the identification of dones contain
ing these inserts in the appropriate orientation plas-

25 mid DNAs were grown (Maniatis et al., supra) and 
purified for transfection Into recipient mammalian 
cells (Maniatis et al., supra ; Birbion and Doly, supra. 

Equal amounts (1 Oµg) of the plasmids encoding 
the chimaeric lgG4 heavy chain and the 1 B4 CDR-

30 grafted kappa light chain were transfected by stan
dard calcium phosphate precipitation procedures into 
human 293 cells, and the monkey cells COS-7 and 
CV-1P. The culture supernatant fluids were assayed 
by a trapping Elisa (described below) for the secretion 

35 .of a human lgG4/kappa immunoglobulln. 
An Elisa was developed for the quantitation of the 

amounts of a 1 B4 recombinant antibody expressed in 
conditioned mammalian cell growth medium. lmmu
lon-2 (Dynatech Labs.) 96-well plates are coated 

40 overnight with a 5 µg/ml solution of mouse anti-hu
man kappa chain constant domain monodonal anti
body ( cal #MC009, The Binding Site, Inc., San Diego, 
CA) in 0.1 M NaHC03 buffer (pH 8.2) at 4° C, and 
blocked with 1% bovine serum (BSA) in 0.1 M 

45 NaHC03 for 1 h at 25° C. After this and all subsequent. 
steps, washing was performed with phosphate buf
fered saline (PBS). The wells are then inoculated with 
conditioned medium containing recombinant anti
CD18 antibody, or with predetermined quantities of 

so human lgG4/kappa purified by protein A Sepharose 
(Pharmacia Fine Chemicals) chromatography from 
human lgG4 myeloma serum (cat# BP026,The Bind
Ing Site, Inc.) All samples are diluted in PBS contain
ing 0.05% Tween-20. 100 µI aliquols are incubated 

ss for 1 h at 37° C in lriplicate, and standard calibration 
curves are constructed using lgG4 concentrations 
ranging from 10 ng/ml to 100 ng/ml. Bound and fully 
assembled human lgG4 (either native or recombinant 
1 B4--human lgG4 constructs) is deteded with 100 µI 
aliquots of a 1 :500 dilution of mouse anti-human 
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lgG4 Fe monoclonal antibody conjugated to alkaline 
phosphatase (cat #05--3822, Zymed Laboratories, 
Inc.) in phosphate buffered saline (PBS) containing 
1 % BSA After Incubation for 1 h at 37°C and subse-

• quent washing, the quantities of bound conjugate are 
detected by Incubating all samples with a 1 mg/ml sol
ution of p-nltrophenyl phosphate in 0.1 M 2,2'amino
methyl-propanediol buffer, pH 10.3, for 30 min at 
25°C. The adsorbance of the wells is determined with 
a UV Max ELISA plate reader (Molecular Devices) set 
at 405 nm. All supernatant fluids from the transfected 
cells are found to contain this lmmunoglobulin, though 
in various amounts (Figure 12). The antibody sec
reted by the transfected 293 cells is concentrated by 
protein A chromatography and the concentrations of 
the recombinant human anti-CD18 antibodies deter
mined by the trapping Elisa desaibed above, are 
used to compete with the binding of radiolabeled 
murine 184 to the CD18 ligand on the surface of acti
vated human PMNs. Affinities of various r-h-anti
CD18 antibody constructs are determined using a 
competitive 12&1-1 B4 soluble binding assay with stimu
lated human polymorphonuclear leukocytes (PMNs). 
Purified murine anti-C018 monoclonal antibody (50 
µg) ls Iodinated using chloramlne--T (Hunter, W.M. 
and Greenwood, F.C., Nature 194: 495-496, 1962), 
and the radiolabeled antibody purified using a Bio-Sil 
TSl(250 (Blorad, Richmond, CA) gel filtration HPLC 
column (which fractionates proteins in the range of 1-
300 x 103 daltons) equilibrated in 0.1 M phosphate 
buffer, pH 7.0. Effluent radioactivity is monitored with 
an in-line detector (Beckman Model 170; Beckman, 
Fullerton.CA) and total protein measured at 00280 

with a Kratos Spectroflow 757 detector (Kratos, 
Mahwah, N.J.). A single 1251-184 peak composed of 
coincident 0~ and radioactivity tracings charac
teristlcally elutes 6 minutes, 30 seconds following 
sample Injection. Specific activity of the product ls 
generally about 1 O µCi/µg protein, and 97 ,99% of the 
counts are precipitable with 10% trichloroacetic acid. 
The binding of this radiolabeled antibody is assessed 

on human PMNs purified on a discontinuous 
Ficoll/Hypaque gradient (English and Anderson, J. 
lmmunol. Methods~: 249-255, 1974) and activated 
with 100 mg/ml phorbol myristate for 20 minutes at 
37°C (Lo etal., J. Exp. Med. 169: 1779-1793, 1989). 
To determine the avidity ofantibodies for CD18 
molecules on the PMN surface, about 1 x 1 os acti
vated PMNs are Incubated In a buffer such as Hanks 
balanced salt solution containing 20 mM Hepes (pH 
7.2), 0.14 units aprotlnin (Sigma Chemical Co.) and 
2% human serum albumin (binding buffer) containing 
1.3 ng 1251-184 (2.8 x 10-11 M) in the presence of 
Increasing concentrations of unlabeled 1 B4 antibody 
(10-7 to 1 Q-16 M) In a 300 J,L1 reaction volume for 1 hat 
4°C with constant agitation. Cell bound 184 was 

separated from the unbound antibody by centrifu
gation through a 0,5M sucrose cushion (4,800 x g, 3 

minutes) ; the tubes are frozen on dry ice, and the tips 
cut off and counted with an LKB gamma counter. The 

s IC50of the anti-CD18 antibody for the inhibitionof1261-
184 antibody binding is calculated using a four par
ameter fitter program (Rodbard, Munson, and 
Delean, in "Radiolmmunoassay and Related Proced
ures in Medicine• , International Atomic Energy 

10 Agency, Vienna, vol I, 469 - 504, 1978). The affinity 
of the various r-h-antl-C018 antibodies for the C018 
ligand Is determined In a similar manner using murlne 
1251-1 B4 antibody and increasing quantities, as deter
mined by the trapping 8isa, of unlabeled r-h-anti-

15 CD18. The results of the binding assays are shown in 
Figure 13 and indicate that the avidity of the chimeric 
heavy chain/grafted light chain recombinant 184 anti
body ( circles) Is approximately that of the murine 1 B4 
monoclonal antibody (diamonds). 

20 

25 

EXAMPLE2 

Preparation of Fully Grafted Recombinant Human 
lgG4 Antibodies 

This example shows the production of recombin
ant human lgG4 antibodies, whose variable domains 
contain the CDR residues of the murlne monoclonal 
antibody 1 B4. The construction of the CCR-grafted 

30 light chain framework derived from the human sequ
ence of REI fused with a human kappa light chain con
stant region was described in the preceding example 
(Example 1 ). 

The 1 B4-6pecific heavy chain compon~nt of the 
35 recombinant antibody was constructed from the lgG4 

heavy chain constant region, described in Example 1, 
fused to a pre-selected human heavy chain variable 
region framework sequence Into which the 1 B4 CDR 
residues were transplanted. The murlne 184 MAb 

40 m 184 heavy chain was first analyzed to determine the 
precise position of the CDR sequences. These were 
determined by visual comparisons with the data sets 
found in Kabat, Wu, Reid-Miller, Peny, and Gottes

man, Sequences of proteins of immunological inter-
4s est. (US Dept Health and Human Services, Bethesda, 

MD, 1987). Once the boundaries of the CDRs were 
determined these sequences were removed to leave 
the murine FRs alone. This sequence was then used 
to query the human lmmunoglobln database which 

50 was mainly derived from release 22 of the PIR datab
ase {George et al., Nucl. Acids Res. 14: 11-16 
(1986)). The sequence search was performed using 
the Profile search system of the GCG sequence 
analysis package (Devereux et al., Nuc. Acids Res. 

55 12: 387-395 [19841). The mabix used for similarity 
comparisons was the Dayhoff evolutionary distance 
matrix (R. M. Schwartz, M. 0. Dayhoff, In At/as of Pro
tein sequence and structum M. 0. Dayhoff, Eds. 

(National Biomedical Research Foundation, 
Washington. DC. 1979)). Additionally, the Risler 

15 

BIOEPIS EX. 1002 
Page 2333



27 EP O 440 351 A2 28 

structural distance matrix (Risler et al., J. Mol. Biol. 
204: 1019-1029 {1988D was used to generate the 
murine sequence profile, and the results of searches 
with this query were considered with those generated 
using the Dayhoff matrix. Use of the profile searching 
system also allowed the weighting of specific residues 
within the murine FR that were deemed important 
based on various criteria; The sequences that 
repeatedly showed the highest levels of sequence 
slmilartty In the database queries were then analyzed 
using a paiiwlse comparison to the FRs of murine 
1 B4. The program Gap of the GCG package was used 
for this analysis, because It produces an exact meas
ure of both the sequence similarity and Identity shared 
between two sequences. This method was used to 
select the human sequences Gal and Jon, which 
shared a similarity of 85% and 88% and identities of 
79% and 75% with murine 184, respectively (Figure 
14}. To prepare a recombinant DNA representing the 
184 heavy chain CORs within each of these 
frameworks the following procedures were perfor
med. 

Two sets of four long oligonucleotides were syn
thesized. When each set was combined, they 
encoded that portion of heavy chain corresponding to 
the murlne 184 variable region present in the 
chimaeric heavy chain expressed In Example I. The 
four ollgonucleotides of each set (Figure 15, Figure 
16), 1 pmole of each, were combined in a standard 
PCR reaction with 2.5 units ofTaq polymerase and 50 
pmoles of each terminal amplifying oligodesoxynuc
leotlde (Figure 15, Figure 16). By virtue of the com
plementary ends of the single-stranded 
oligonucleotldes, the polymerization-denaturation
polymerization cycles of the polymerase chain reac
tion result in the formation, and subsequent 
amplification, of the combined sequences. Following 
25 cycles of amplification the combined 0.4 Kb frag
ment was electrophoretically purified and extracted 
from an agarose gel. In parallel, two DNA fragments 
representing amino terminal sequences encoding the 
signal peptide and carboxy terminal sequences 
encoding framework 4, splice donor, and intronic 

· sequences were amplified using oligodeoxynuc
leotide primer pairs (Figure 15) and the M13VHPCR1 
plasmid DNA template described In example I. These 
two DNA fragments were purified by agarose gel 
electrophoresis, as above, and 10 ng of each was 
combined with 10 ng of the amplified variable region 
fragment. 2.5 units of Taq polymerase, 50 pmoles of 
terminal primers (Figure 15) and the mixture was 
amplified by 25 cycles of PCR. The resultant 0.8 Kb 
fragment was digested with restriction enzymes Spe 
I and BamH1 (Gal} and Hind Ill and Barn H1 {Jon). Fol
lowing agarose gel electrophoresis, the purified DNA 
fragment was ligated into the heavy chain expression 
vector, p8958, In place of the chimaerlc variable reg
Ion (Figure 11). In this way, two unique heavy chain 

frameworks containing grafted 184 CORs (164/Jon 
and 184/Gal) were constructed. Each fully grafted 

s heavy chain expression vector plasmid was co
transfected with the fully grafted 184/REI light chain 
expression vector (Example 1) plasmid Into 293 cells 
and the antibody present in conditioned medium was 
isolated by protein A chromatography. The recombin-

10 ant humanized 184 (h184) avidity of these two anti
bodies for the CD18 ligand displayed on the surface 
of activated human PMNs was compared with that of 
(he chimaeric/grafted antibody described in Example 
L Figure 20 shows that although each hetero-dime-

15 ric antibody contains the same set of six CDRs, they 
do not exhibit identical avidity for the ligand. Thus, the 
biological properties of an antibody molecule (ie., its 
avidity) rely significantly on the variable region 
framework structure which support the CDR loops. 

20 To determine the relative contribution of the light 
chain variable region to the enhanced avidity of the 
Gal/REI grafted hetero-dimer a second light chain 
framework was constructed containing the 184 CDR 
sequences. The light chain framework Len was lden-

25 tified as a donor framework sequence based upon its 
selection from the database. Len was identifred by 
using the murine 184 light chain framework sequ
ence; with CDRs removed based upon visual identifl.-

. cation of the CDRs when compared to Kabat (supra), 
30 to query the human immunoglobin database. The 

methodology of the query was similar to that des
cribed for the heavy chain FRs. Len was shown, by 
Gap analysis, to be 90% similar and 81"/o identical to 
the murine 184 light chain FR. Len was thought to be 

35 a better choice for grafting of the light chain CDRs 
than REI, based on Its higher levels of both slmRarity 
and identity to 184 as compared to REI (82% simH
arity and 65% identity) (see Figure 14). A set of f1Ve 
long oligodeoxynucleotides (Figure 21) representing 

4D the Len light chain framework with 184 specific CDR 
sequences and lntronic sequences were synthesized 
using 2.5 units of Taq polymerase and 50 p moles of 
each terminal amplifying oligodeoxynucleotide primer 
and combined by PCR, as described above for the 

45 Jon and Gal frameworks (Figure 22). Following 25 
cydes of amplification the combined 0.6 kb DNA frag
ment was purified by agarose gel electrophoresis. In 
parallel, a DNA fragment representing the amino-ter
minal signal peptide was amplified using a 

so oligodeoxynucleotide primer pair (Figure 21) and the 
M13VHPCR1 plasmid DNA template, as described in 
Example 1. This fragment was also purified by agar
ose gel electrophoresis. These two DNA fragments 
are placed together, 10 ng of each, with 2.5 units of 

55 Taq polymerase, 50 p moles of terminal 
ollgodeoxynucleotlde primers (Figure 21) and the 
entire mixture is subjected to 25 cydes of PCR ampli
fication. The resultant 0.8 kb DNA fragment Is diges
ted with resb'lction enzymes Spe I and Xba I, purified 
following agarose gel electrophoresis, and ligated into 
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the pSP72/REI 184 lntennedlate vector which Is 
digested with the same two restriction enzymes and 
electrophoretlcally purified from Its liberated REl/1 B4 s 
variable region containing DNA fragment (see Figure 
23}. The combined light chain variable region and 
kappa constant region within a sequence verified 
clone (p8967) Is excised by digestion with restriction 
enzymes Spe I and Cla I and this 1.5 kb agarose gel 10 

electrophoretlcally puriflBd DNA fragment is cloned 
Into the light chain expression vector p8953, after this 
latter plasmid is electrophoretically purified from its 
REl/184/kappa light chain insert following digestion 
with both Spe I and Cla I restriction enzymes. The fully 1s 
CCR-grafted Gal/184 heavy chain expression vector 
and the fully CCR-grafted Len/1B4 or REl/184 light 
chain expression vector ONAs (10 ug each) are co
transfected Into 293 cells and the antibody present in 
conditioned medium 48 hqurs later is isolated by pro- 20 

teln A Sepharose chromatography. The avidity of 
these two recombinant antibodies for the C018 llgand 
present on the surface of activated human PMNs Is 
detennlned and compared to that of the murine 1 B4 
MAb (Figure 20}. The differences between the two 25 

humanized 184 recombinant antibodies for the 
ligand, as measured by their IC5QS, revealed that a 
compalrson of p values between Gal/Rei and Gal/Len 
are statistically significant by the students umpalred t-
test but the standard deviations of both Mabs overlap 30 

(see Figure 20). Thus, although the Len light chain 
variable region framework sequences, relative to the 
REI light chain frameworks, show more Identical resi-
dues and more similar residues when aligned to the 
murine 184 frameworf<s, this has little, if any, impact . 35 

on the antibody/antigen Interactions measured by avi-
dity. Comparison of the presumed three dimenslonal 
structure of these two light chain variable regions (REI 
and Len) Indicates that the alpha carbon trace of the 
184 CORs residing within these frameworks are 40 

superimposable, again suggesting that the both 
frameworks identically support the CORs in space. 
Does the 1 84 heavy chain variable region play a gre-
ater role in avidity of the antibody for its ligand? To 
address this question, end also to investigate the role 45 

of a small number of heavy chain variable region 
framework sequences, modifications of the Gal/1 B4 
fully grafted molecule are pedonned. 

Three residues within the heavy chain variable 
region of Gal/184 are chosen to mutate such that they 50 

become Identical to their counterparts In the murine 
184 frameworf< (see Figure 14). To accomplish the 
mutation of three well separated residues simul
taneously the following procedures are perfonned. 
Four ollgodeoxynucleotide primer pairs (Figure 26) 55 

are synthesized which incorporate the deoxynuc
leotide alterations necessary to mutate the amino acid 
residues located in FR1, FR2. and FR4 of the Gal/1 B4 
DNA template. In this instance, the polymerase chain 
reactions needed to produce four overlapping ONA 
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fragments were amplified In such a way as to gener
ate primarily single-stranded ONAs representing the 
outside two DNA framents, whHe the inside two DNA 
fragments are amplified so as to produce double
stranded ONAs. This approach of combining four 
amplified DNAs is facDitated by the above modifi
cation and, when combined with the use of tennlnal 
amplifying oligodeoxynucleotlde primers which are 
unique to residues found only in the outside amplified 
ONA fragments, remove the need to purify the PCR 
products between the first and second round of amplt
flcatlon. Thus, asymmetric PCR Is used to amplify the 
two terminal DNA fragments. Combined Into the stan
dard PCR amplification reactions are 50 p moles of • 
primer#S1 and 0.5 p moles of primer#G2 (Figure 26) 
or 50 p moles of primer #12 and 0.5 p moles of primer 
#G2 (Figure 26} and the Gal/184 containing plasmid 
DNA template (10 ng/reactlon), 2.5 units of Taq 
polymerase, and the remaining standard reaction 
components. The two Internal ONA fragments are 
amplified using the standard procedures which 
indude the presence of 50 p moles of each of the 
oligodeoxynucleotide primers, 2.5 units of Taq 
polymerase, and the same template ONA and reac
tion components described above. Following 25 
cycles of amplification (as described previously) the 
reactions are made to contain 1 ml of H20, and each 
is placed in a Cenbicon 100 cartridge (Amicon, Dan
vers, MA), centrifuged ·for 30 minutes at 3500 x g, at 
4 ° C, and the retentate Is resuspended In another 1 
ml of H20 and the centrifugaUon Is repeated; The final 
retentate is resuspended In 100 pl of H20. Each of the 
four reaction products is combined (1 p.l of each of the 
retained DNA solutions), the standard components 
are added, 2.5 units of Taq polymerase, and 50 p 
moles of the PCR recombination amplifying primers 
(Figure 26), and the reaction Is cycled 25 times. The 
resultant 0.8 kb ONA fragment is phenol extracted, 
concentrated by ethanol precipitation, and digested 
with Spe I and Barn H1 restriction enzymes. Following 
purification of this 0.8 kb DNA fragment by agarose 
gei electrophoresis it is cloned Into the heavy chain 
expression vector p8958, after this latter plasmid is 
electrophoretically purified from its Gal/194 heavy 
chain variable region insert liberated by digestion with 
both Spe I and Barn H1 restriction enzymes. The fully 
CDR-grafted Gal-m1/1B4 heavy chain expression 
plasmid DNA is co-transfected (10 ug of each DNA) 
with the fully CCR-grafted REl/184 llght chain expres
sion plasmid DNA or the fully CDR-grafted Len/184 
light chain expression plasmid DNA Into 293 cells. 
The resultant antibodies present in the conditioned 
medium 48 hours later are isolated by protein A 
sepharose chromatography and subjeded to avidity 
measurements. Independent of the origin of the light 
chain variable region framework. the measured av~ 
dity for CD18 on the surface of actlvatived human 
PMNs of the two antibodies is nearly identical. Again 
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the role of the light chain variable region frameworks 
seems to be minimal. The avidity of the mutated Gal 
framework (mutated Gal/Rel, Figure 20) is signific
anUy Improved relative to the non-mutated Gal heavy 
chain framework (Gal/Re tin Figure 20) support and its 
avidity Is nearly equivalent to that of native m184 (Fig
ure 20). It is concluded that one or more of the three 
residues mutated contributes to the display of the 
CDRs {antigen binding sites). thus proper framework 
choice Is crillcal for optimal humanization of recom
binant antibodies. Indeed, it appears that the 
framework closest to the CDRs dictates the final 
s1ructural arran·gement of the CDRs and thus the 
ability to bind antigen. Additional comparisons of the 
heavy chain frameworks reveal major differences be
tween those of New and Jon or Gal when the "pack
lng"resldues are examined (Figure 14). Packing 
residues as used herein is defined as internal or non
surface exposed residues of the structure that may be 
involved in lntrastrand or lnterstrand forces. These 
packing residues are associated with the framework 
regions adjacent to the CDRs and are involved in the 
proper orientation of the CDRs for interaction with the 
substance that induced the antibody fonnation. Only 
27 of 41 internal residues of New match the corre
sponding residues in the murine 184 framework. This 
Is contrasted to the match of 38 of 41 residues by the 
human Gal framework. The localization of the region 
of greatest variation to those residues ending 
framework 2 may explain the differences between the 
Gal and Jon supported antibodies. This region of 
framework 2 ls where these two differ and where Gal
m1 differs from Gal. 

EXAMPLE3 

Enhanced Expression systems 

This example shows expression systems 
employed to produce large quantities of recombinant 
CDR-grafted 184 antibodies as discussed in Example 
2. The first expression system applicable to many 
mammalian cells utilizes the extrachromosomal 
characteristics ofEBNA-1 /oriP based ONA plasmids 
(Yates etal., Nature: 313: 812, 1985). Such a vector, 
pREP3 described by Hambor et al. (Proc. Nall. Aced. 
Sci. USA 85: 4010, 1988), containing the hygromycin 
B selection cassette and the Rous Sarcoma Virus 
(RSV) L TR for transcription of the gene oflnterestwas 
modffied as disclosed. The RSV L TR, as wen as the 
poly A addition signal, was removed by digestion of 
the pREP3 plasmid DNA wHh Sal I and Xba I followed 
by agarose gel purification of the 9.02 Kb promoter
less fragment DNA from plasmid pD5mcs (see Figure 
10), containing the adenovlrus major late promoter, a 
multi-cloning site, and SV40 poly A addition signal 
was used as the template for the PCR amplification of 
those sequences beginning with the SV40 enhancer 

and ending with the SV40 poly A addition signal. In the 
process of amplification Xba I and Sal I restriction 

s enzyme sites were appended to the product ends by 
their incorporation into the synthetic PCR 
ollgodeoxynucleotide primers. The expected 1.26 Kb 
PCR amplified product was agarose gel purified fol
lowing its digestion with Xba I and Sal I restriction 

10 enzymes and ligated into the 9.02 Kb EBNA/oriP 
backbone vector. The resultant plasmid (p8914) con
stitutes a versatile mammalian expression vector Into 
which can be ligated either the heavy chain or light 
chain expression cassette contained within plasmid 

1s p8958 (see Figure 19) or p8953 (see Figure 6), re
spectively. The p8914 plasmid was also the template 
for the HIVL TR promoter version of the EBNA/oriP 
backbone vector. In order to switch to the HIVL TR 
promoter the p8914 plasmid DNA was digested with 

20 Bam H1 and Xba 1. The 9.35 Kb promoterfess back
bone was purified by agarose gel electrophoresis. 
The HIVLTR promoter, from residue -117 to +80 (as 
found in the vector pCD23 containing this portion of 
the HIV-1 LTR; {Cullen, Cell 46: 973 [1986]) was 

2s PCR amplified from the plasmid pCD23 using 
oligodeoxynucleotide primers which appended to the 
ends of the product the Spe I and Bel I restriction sites. 
Following the digestion of the resulting 0.24 Kb PCR 
product with these latter enzymes the fragment was 

so agarose gel purified and ligated into the 9.35 Kb DNA 
promoterless DNA fragment described above. The 
p8962 plasmid so constructed was also the recipient 
of the heavy and light chain cassette (Figure 37). To 
accomplish this the p8962 plasmid DNA was digested 

3S within its multiclonlng site with Not I and Xba I so as 
to linearize the DNA The 9.5 Kb linearized expression 
vector DNA was ligated to either the 2.5 Kb heavy 
chain cassette obtained by agarose gel purification of 
Not I and Spe I digested p8960 DNA or the 1.5 Kb light 

40 chain cassette obtained similarly following digestion 
of p8953 DNA with Not I and Spe I. These constructed 
EBNA/oriP based expression vectors ,p8969 and 
p8968, (Figure 38) were co-transfected into CV1P 
cells (monkey kidney cells ; Figge et al., Cell 52 : 713 

45 [1988)) which constitutively express the HIV-1 TAT 
protein by virtue of having previously been transfec
ted .with the plasmid pMLTAT (Siekevltz et al., Sci
ence 238 : 1575 [1987]). The cell clones which arose 
In DMEM medium containing 10% heat Inactivated 

so newt bom calf serum, 200 µg/ml of G418, and 100 
µg/ml of hygromycin B were picked using cloning 
cylinders (Fishney, In, Culture of Animal Cells, Alan R 
Liss, Inc. NewYork.1983) and expanded individually. 
Clones were screened for the secretion of recombln-

55 ant antibody using the ELISA assay previously des
cribed. Multiple cell clones were expanded and their 
antibody secretion levels were determined to be In 
ther range of 75 ng - 2 µg of antibody per 96 hours of 
medium conditioning of 6 well plate cultures. The 
most productive of these clones was eventually adap-
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ted to growth on mlcrocarrlers (cyledex 3 and cultls
phere GL) and produced approximately 100 mg/L of 
recombinant antibody each 3 day harvest In serum- s 
free medium at a cell density of 1-2 x 108 cells per ml. 

EXAMPLE4 

In Vitro Activity Of Recombinant Human Anti-CD18 10 

Antibodies 

To increase the precision of avidity determi
nations, the IB4 competitive binding assay of 
Example 2 was modified as follows. Both ml84 (50 1s 
µg) or hl84 (from Example 3) were iodinated using 
chloramlne-T, and the radiolabeled lgG purified over 
a Bio-Sil TSK250 (Blorad) gel fDtratlon HPLC column 
that fractlonates proteins In the range of 5-300 x 103 
daltons. Effluent radioactivity was monitored with a 20 

Beckman #170 in-line gamma counter (Beckman, Ful
lerton, CA), the .total protein was detected by absorb-
ance at 280 nm with a Kratos Spectroflow 757 
detector (Kratos, Mahwah, NJ), and the column was 
equilibrated with 0.1 M phosphate buffer (pH 7 .0). A 25 

single symmetrical peak of coincident absorbance 
and radioactivity tracings was routinely observed at 6 
min. 30 sec. following sample Injection (the retention 
time characteristic of lgG In this system). Specific 
activity of the product was usually 10 mCi/mg for 30 

m1B4 or 70mCi/mg for h1B4; 96-98% of the counts 
were trichloroacetic acid-precipitable in either case. 
SDS-PAGE and autoradiography of 12Sj labeled anti-
body showed that 184 remained Intact following 
radlolabeling. Using these radio-labeled probes, a 35 

competitive 125(- 1 B4 suspension binding assay was 
established to determine the avidity of m1 B4 or r-h
anti-CD18 (h184) for CD18 expressed at the leuko-
cyte surface. Human venous blood was collected 

freshly Into heparin (1.0 unit/ml). PMNs were purified 40 

on a Flcoll/Hypaque gradient and activated with 100 
ng/ml phorbol myrlslate acetate In Hanks balanced 
salt solution containing 20 mM Hepes (pH 7.2), 0.14 
unts Aprotlnln and 2% human serum albumin (binding 
buffer) for 20 min at 37°C ; viability was always >95% 45 

by trypan blue exclusion following PMA activation. 
After washing with binding buffer, aliquots of 1 x 10s 
stimulated PMNs were incubated in about 2-4 x 10-11 
M 125J-1B4 In the presence of increasing concen-
trations of unlabeled murlne or humanized 1 B4 (about so 
10-1& to 10-7M) In duplicate or biplicate 300 ml 
volumes for 1 h at 4°C with constant agitation. The 
concentrations of purified radio-Iodinated 184 or 
unlabeled antibody added as a competitor were deter-
mined by U.V. absorption using an E280 of 1.35 for ss 
ml84, 1.25 for mutant Gal/Rel h1B4, and 1.30 for all 
other hlB4 constructs [determined by the formula E = 
A(Ecys) + A(Etryp) + A(Etyr) where A= the number of 
residues of each amino acid ; Gill and von Hippel, 
Anal. Blochem., 182: 319-328, 1989; the E280 of 

19 

mlB4 and Gal/Rei H184 were also verified by quan
titative amino acid analysis and differential UV spec; 
troscopyJ. After labeling, the 1261-184 bound to the 
cells was separated from unbound antibody by under
laying each aliquot of PMNs with 250 ul 0.5 M sucrose 
and cenlrifugation (4,800 x g, 3 min.) ; the tubes were 
frozen on dry Ice, and the tips cut off and counted with 
an LKB gamma counter. The quantity of PMN-bound 
1251-184 for each concentration of purified unlabeled 
competitor lgG was expressed as the mean CPM per, 
1 x 105 PMNs (±SEM). ICso9 for inhibition of 1261-184 
binding were calculated using a four parameter prog
ram {9Fitter' ; Rodbard, Munson, and Delean In 
"Radioimmunoassay and Related Procedures in 
Medicine•, International Atomic Energy Agency, 
Vienna, vol I, 469-504, 1978). The results of the bind
ing assays are Blustrated in Figures 13, 20, 28, and 29 
(p values are from Studenrs unpaired t-test). These 
data indicate that : 1) the avidity of Gal/Rei h1 B4 for 
PMN CD18 is nearly comparable to that of mlB4 
(about 2-3 fold weaker) ; 2) the avidities of Jon/Rei 
and New/Rei are still weaker than that of Gal/Rei In a 
rank order that correlates Inversely with their degree 
of homology relative to m1B4 frameworks; 3) the avi
dity of Gal/Len Is near1y equivalent to the 'avidity of 
Gal/Rel ; and 4) that mutant Gal/Rei and the demi-chl
meric construct possess affinities apparently compar
able to that of native IB4. 

Inhibition of PMN attachment to human umbUlcal 
vein endothelial cell (HUVEC) monolayers. 

To reach tissue sites and cause Inflammatory 
damage, PMNs must pass out of the bloodstream. 
This transendothelial migration depends on lnterac; 
lion of PMN CD18-containing receptors with ligands 
on and within the human endothelium. A direct exP

ression of this process is reflected by attachment of 
agonist-treated PMNs to the vascular surface. To 
demonstrate that Gal/Rei h184 is a prospective anti
inflammatory agent for use in human disease, we 
determined whether this construd inhibits adhesion 
of PMA-stimulated hPMNs to quiescent human 
endothelial cell monolayers. Human umbiiical vein 
endothelial cells (HUVECs) were grown In T-75 flasks 
coated with Vitrogen 100 (Collagen Corp., Palo Alto, 
CA) diluted 1 :10 with PBS and dried.onto the sub
strate. The culture medium was MCDB 107 
supplemented with 15% FCS, 90 mg/ml heparin 
(GIBCO), and 150 mg/ml endothelial mitogen (Biome
dical Technologies, Inc.) ; the cells were incubated In 
2.5% C~ and 97.5% air. Cultures (passages 4-8) 
were dissociated with trypsin/EDT A. and the HUVECs 
seeded into 96-well microliter plates (Costar) pre
coated with a 5 µg/ml solution of purified human 
plasma fibronectin in 0.1M bicarbonate. (pH 8.3) ; 
these microcultures were used for the attachment 
assay upon reaching confluence. Human PMNs were 
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purified from peripheral blood as described above. To 
measure their attachment to the HUVEC monolayers 
by fluorescence microscopy, PMNs were labeled with 5 

the vital fluorescent dye 1',1'-dioctadecyl-3,3,3',3'
tetramethylindocarbo-cyanine (Oil) (Molecular 
Probes, Inc.). PMNs were incubated In a 25 mg/ml 
sonicated solution of Oil in binding buffer for 10 min. 
at 37 °C, washed, and then activated with 50-100 10 

ng/ml PMA or PDB for 10 min. at 37 °C. (These dil-la
beled PMNs were tested in the competitive 184 bind-
Ing assay to verify that their CD18 receptors were 
recognized by hl84 ; the IC50s were within the range 
expected for unlabeled PMNs). PMN aliquots (in 16 

quadruplicate) were pretreated with increasing con
centrations of either Gal/Rei h184, m184, or the con-
trol Mab OKM-1 (associates with the CD11b 
component of the CR3 receptor but does not Inhibit 
ligand binding). Incubation was performed for 15 min. 20 

at 4 °C with constant agitation, and the cells placed 
into the microwells containing the HUVEC mono
layers (50,000-100,000 PMNs/well}. The PMNs were 
. permitted to setUe for 5 min. at 4 °C, and then Incu-
bated for 15 min at 37 °C to allow firm adhesion to 2s 
occur. Unattached PMNs were removed and the cul-
tures fixed by genUe washing with 1% formaldehyde 
In PBS (4 washes with an Eppendorf Plus 8 multitip 
pipette). The wells were filled with a solution of 5% n-
propyl gallate in glycerol, and the attached PMNs 30 

counted at 195 x under rhodamine illumination with an 
automated Nikon Diaphot inverted fluorescent micro
scope fitted with an autofocus device, a customized 
motorized stage, and a video camera (Vidicon #8451) 
connected to a Model 3000 Image analyzer (Image 35 

Technology Corp .• Deer Park, NY) and an IBM PCXT 
computer. The mean number of adherent PMNs was 
detennined for each concentration of Mab tested (± 
SEM}, and an inhibition curve plus IC50 generated with 
the "Fitter" program (Rodbard et al, supra.); the data 40 

were normalized. The results of these experiments 
are presented in Figure 30 and Figure 31. Both 
Gal/Rei h184 and m184 produced congruent sig
moidal inhibition curves with nearly equivalent ICso5 
(4-8 nM) that were not significantly different by Stu- 45 

dents' unpaired t-tesl The OKM-1 control lgG did not 
inhibit PMN atlachmenl Thus, Gal/Rei hl84 Inhibits 
adhesion of activated hPMNs to human umbilical vein 
endothelial cell monolayers to the same extent as 
native ml84 in a quantitative homotypic In vilro adhe- so 
sion assay, Illustrating anti-inflammatory activity. 

Inhibition of CTL-mediated cytolysis 

Cytotoxic T-lymphocyte (CTL) directed cell killing 55 

la an important component of graft rejection following 
tissue or organ transplantation. Since attachment to 
and kl111ng of target cells Is a CD18-dependent Inter
cellular adhesive event, we detennined whether 
Gal/REI h184 Inhibits human CTL-medlated cell lysis. 

20 

Human Q-31 CTL cells were cultivated in RPMI 1640 
supplemented with 10% bovine calf serum and 30 
units/ml recombinant human IL-2. To induce the dif
ferentiated state, fragments of irradiated JV human 
lymphoblastofd cells were added to the media for 6-
7 d. The JY cells were propagated as above except 
without IL-2, and also served as targets for the Q-31 
cells. To compare the effects of m1B4 and Gal/Rei 
h1B4 on cell killing, Q-31 cells were incubated in 
media with various antibody concentrations for 30 
min. at 25 °C before addition of the target cells. To 
quantify cytolysis, JV target cells were labeled with 
51 Cr and mixed with effector cells at various E :T ratios 
of 8 :1 to 2.5 :1 at 37 °C. After 4h, the percent of 111cr 
liberated Into the culture medium for each concen
tration of antibodies was determined (in triplicate) as 
an index of cell killing. Cell kmlng curves that were 
generated simultaneously with various concen
trations of ml84 (mOKM-1 control) or Gal/Rei h184 
(hlgG4 control) were utilized to calculate IC50s (Figure 
31). Both Gal/Rel h184 and m1B4 inhibited JV cell 
lysis to the same extent In each case, the mean ICso 
was equal to about 2 nM 184, and the inhibition cur
ves for both antibodies _were superimposable. These 
results indicate that Gal/Rei 184 can prevent the 
rejection of transplanted tissue~ and organs. 

Tissue and Cellular Specificity of Gal/Rel Hh84 

The process of humanization might engender 
abnormal binding properties that could cause h1B4 to 
associate with and accumulate In unexpected sites In 
tissues, cells, and their organelles, with toxic conse
quences. To ascertain whether the binding properties 
of Gal/Rei h1 B4 were altered, we compared the 
immunofluorescence microscopic (IF) and 
immunoelectron microscopic (IEM) localization of 
Gal/Rei h184 and native m184 in various rabbit tis
sues, and in human PMNs. U-937 cells, and fibrob
lasts. 

IF Staining of Tissues and Cells 

Healthy 2 kg male New Zealand white rabbits 
were euthanized, and approxinately 1.0 x 1.0 x 0.5 
cm3 tissue blocks were excised, immersed In OCT 
mounting medium (Miles), and frozen rapidly in liquid 
nitrogen-cooled Freon 22 (Dupont) at -150 °C. Sam
ples were obtained from the following organs : bone 
marrow. cerebrum, kidney, large intestine, liver, 
lungs, lymph nodes. myocardium, stomach, striated 
muscle (leg), and spleen, and stored at-SOOC. On the 
day of an experiment, 5 µm frozen tissue sections 
were cut with a cryostat at -20 °C, placed on poly-L
lysine-coated glass slides, and air-dried at 25 °C. The 
sections were immediately lmmunostained .without 
fixation to avoid denaturation of CD18 antigens. In 
order to inhibit non-specific binding, slides were 
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washed in 0.1 M Tris-HCI buffer (pH 7.8), and incu
bated with the clarified supernatant of a solution of 5% 
non-fat dry milk (Carnation) In 0.1 % BSA, 0.1%, NaN3, s 
and 0.1 M phosphate buffer, pH 7.8 for 1 h at 25 °C. 
All subsequent steining steps were also conducted for 
1 h at 25 °C with lntennlttent washes in 0.1 M Tris-HCI 
(pH 7 .8). For single-labeling experiments, the sec-
tions were stained with a 20 µg/ml solution of primary 10 

antibody (ml84, Gal/Rei hl84 , or hlgG4 control) in 
staining buffer [0.1% non-fat dry milk. 0.1% BSA. 
0.1%, NaN31 and 0.1 M phosphate buffer (pH 7.8)]. 
Bound antibodies were detected indireclly with a 25 
µg/ml solution of fluoresceln lsothiocyanate-conju- 15 

gated affinity-purified goat anti-mouse lgG, or goat 
anti-human lgG FITC conjugate (Kilkegaard and 
Perry, Inc.) in staining buffer. In double-staining exp
eriments, specimens were immunolabeled with a 
mixture of primary antibodies (1 µg/ml m184 and 1 20 

µg/ml h1B4 in staining buffer centrifuged at 12,000xg 
for 15 min.), followed by a clarified mixed-antibody 
detection solution [25 µg/ml fluorescein iso
thlocyanate-conjugated affinity-purified goat anti-hu-
man lgG and 25 µg/ml rhodamine 25 

isothlocyanate-conjugated affinity-purified goat anti
mouse lgG (Kirkegaard and Perry, Inc.) in staining 
buffer]. Controls for the dual-labeling experiments 
were clarified solutions of mixed m184 plus hlgG4 (1 
µg/ml of each antibody), orm184, Gal/Rei h184, and 30 

h1gG4 dissolved alone at 11g/ml lgG In staining buf-
fer ; lgGs were localized on the sections with the 
mixed-antibody detection solution described above. 
Coverslips were mounted on the slides with a solution 
of 5% n-propyl gallate in 90% glycerol and 10% 1.0 M 35 

Na-bicarbonate, and the sections studied with a Zeiss 
Photomicroscope Ill equipped with epifluorescence 
Illumination and fluorescein & rhodamine interference 
filter combinations. Photomicrographs were taken at 
16x or 40x with Zeiss neofluar oil-immersion objective 40 

lenses using llford HP-5 high-speed film at speeds of 
1600-6300 ASA. 

The IF staining patterns of Gal/Rei h184 and 
m184 in rabbits are summarized in Figure 32. Specific 
CD18-positive IF labeling for both recombinant and 45 

native 184 lgGs was observed in tissues known to 
contain leukocytes. There was no detectable differ-
ence in IF distribution or intensity observed with 
Gal/Rei h184 versus m184, and control tissues 
treated with hlgG4 or buffer were always negative. By so 
far, sections of bone marrow presented the most 
intense C018 staining with eltherspeciesofl84; 79% 
of these cells exhibited cytoplasmic labeling. Leuko-
cytes of the spleen and the lymph nodes were stained 
more Irregularly and with lower intensity. A conspicu- 55 

ous population of resident leukocytes was detected In 
the lungs, and to a much lesser extent in kidney 
glomeruli. Surprisingly, no CD18 staining was seen in 
the mlcroglial cells of the cerebrum or in the Kupffer 
cells of the liver. The other tissues were completely 
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unstained. Titration of the primary antibody solution 
indicated that a 1.0 µg/ml solution of hl84 or ml84 was 
the minimum concentration of either antibody 
required to obtain maximum IF staining of bone mar
row sections. 

Dual IF staining experiments were conducted to 
detennine whether the antigens recognized by 
Gal/Rei h1 84 and m 1 B4 are colocalized. in the same 
cells. Cryosectlons of bone marrow, spleen, or lymph 
node were double-labeled with mixtures of Ga/Rei 
h184 and m1B4. As Illustrated in Figure 33 for bone 
marrow, every cell that was posltlvely stained with 
ml84 was also labeled with Gal/Rei h184. In the con
trol groups, Gal/Rel hl84 staining (detected under 
fluorescein optics) was specificelly eliminated by sub
stituting hlgG4 for h184 in the primary antibody mixt
ure, while retaining the m184 labeling (visualized with 
rhodamine filters). With the converse control, removal 
of m184 from the mixture of primary antibodies 
ablated the rhodamine labeling, but had no effect on 
the fluorescein staining generated by Gal/Rel h1B4. 
These 184-colocalization results vere therefore 
highly specific 

Thsee data indicate that native and Gal/Rel 
humanized 184 were localized in the same cells 
(leukocytes) and exhibited identical staining specifi
city and intensity in various rabbit tissues. The highest 
levels of CD18 labeling were observed In those tis
sues which contain large numbers of leukocytes, with 
the bone marrow presenting the most intense stain
ing. Therefore, our humanization process has not 
altered the specificity of 184 lgG detectable at the 
light microscopic level of resolution. 

IEM Staining of Human Cell Organelles. 

Double label immunoelectron microscopic exp
eriments were conducted to compare the specificity of 
Gal/Rei h1B4 and m1B4 at the subcellular/sup
ramolecular level of resolution. CD18 antigens have 
been localized to the specific granules of hPMNs and 
monocytes via IEM with 60.3 (another Mab that rec
ognizes CD18; Singer et al., J. Cell Blol, 109: 3169-
31 B2 [1989]. Therefore, - we detennined whether 
Gal/Rei h184 and ml84 were codlstributed in these 
granules. Human PMNs were isolated from venous 
blood as described above and prepared for IEM via a 
modification of a published method (Singer et al, 
supra). Briefly, the PMNs were fixed with a solution of 
3.5% paraformaldehyde and 0.05% glutaraldehyde In 
0.1M Na-cacodylate (pH 7.2), 0.1M sucrose, and a 
mixture of broad spectrum protease Inhibitors. Fixa
tion was performed under microwave lnadlation until 
the cells reached 45°C (-45 sec.), followed by 
quenching with excess buffer at 4 °c. Ceil peUets were 
embedded in 7% acrylamide, infiltrated with 2.3M suc
rose in 0.1 M phosphate (pH 7 .2), frozen In liquid pro
pane (-190°C) and cut into. ultrathin (-80 nm) 
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cryosectlons. The specimens were double labeled 
with Gal/Rei h1B4 and m1B4 using 5 nm and 10 nm 
protein-A colloidal gold conjugates (Janssen Life Sci- 5 

ence Products) as described, and analyzed at 
29,000x with a JEOL 1 OOCX transmission electron 
microscope. A summary . of the immunostaining 
results for PMNs Is shown In Flgure34. Both Gal/Rei 
h1B4 and m1B4 were colocallzed in specific 10 

granules ; negative controls showed that the colloidal 
gold probes were not cross-reacting nonspecificly. 
Further. Gal/Rei h184 and m1B4 were also col
ocallzed within e population of cytoplasmic granules 
in U-937 cells (a human myelomonocytic line), but not 1s 
In human lung fibroblasts (IMR-90). These obser
vations strongly suggest that the binding specificity of 
Gal/Rei 184 is comparable to that of mlB4 at sup
ramolecular resolution. 

20 

EXAMPLES 

In Vivo Activity or Recombinant Human Anti-CD18 
Antibodies · 

The in vivo potencies of murine 1B4 (m1B4) and 
humanized 1 B4 (hlB4) (Examples 2 and 4) were com
pared in the rabbit by assessing their ability to inhibit 
dermal Inflammation, manifest as PMN accumulation 

25 

and plasma extravasatlon, elicited by intradermal 30 

administration of C5a. 
The dorsal hair offemale New Zealand White rab

bits (2 - 2.5 kg) was shaved at least 24 hours prior to 
experimentation. Rabbits were anesthetized with an 
intramuscular Injection of Ketamine HCI (60 mg} and 35 

Xylazine (5 mg). [1251]-Bovine serum albumin (10 µCi) 
was injected Into the marginal ear vein, as a marker 
of plasma extravasation. Groups of animals were then 
treated.with saline, m184 administered intravenously 
at 0.07, 0.21 or 0.7 mg/kg, or h1B4 administered 40 

intravenously at 0.1, 0.3 or 1 mg/kg 15 minutes before 
initiation of the dermal inflammation. Thereafter, 
human recombinant C5a (100 pmol), or saline, in a 
volume of 50 µI was injected intradermally Into 4 rep-
licate sites In the dorsum. Three hours later, a blood 45 

sample (1 ml) was taken and centrifuged (8000g ; 3 
min ; 20°C} to prepare. cell-free plasma .which was 
aspirated and retained. Animals were then 
euthanatized with approximately 750 µI Socumb 
(Sodium Pentobarbital 389 mg/ml in 40% lsopropyl so 
alcohol), and injection sites were excised using a 6 
mm biopsy punch. Radioactivity ([121ilJ) present in skin 
samples and cell-free plasma (50 µI) was quantified 
using a gamma counter. By reference to the specific 
radioactivity of the cell-free plasma, the extent of ss 
plasma extravasation was expressed as µI plasma 
equivalents per 6 mm biopsy. The skin biopsy was 
then homogenized in 5 ml of 0.5% Hexadecylbimethyl 
ammonium bromide ·(HTAB) using a polytron 
homogenizer. Chloroform (1 ml) was added to the 

22 

sample, which was vortexed and cenbifuged (1600g; 
15 min. ; 20°C). Four aliquots (50 µI) of the aqueous 
supernatant were added to wells in a 96 well plate for 
measurement of myeloperoxidase (MPO) activity, as 
an index of PMN content Duplicate wells of the 96 
well plate received 200 ml buffer (KH2P04 44 mM ; 
K2HP04 6 mM ; H20i 0.0015% ; pH 6.0) alone (back
ground) and duplicate wells received buffer contain
Ing MPO substrate (3',3-Dimethoxybenzldlne 
dihydrochloride ; 360 µg/ml). Reactions were allowed 
to proceed for 15 min. at room temperature, and MPO 
activity was measured as the change In absorbance 
at 450 nm measured in a plate reading 
spectrophotometer. By reference to a standard curve 
constructed using known quantities of rabbit PMN in 
HTAB, the extent of PMN accumulation in each skin 
biopsy was estimated. 

The injection of C5a into the skin of rabbits pret
reated with saline produced significant increases in 
PMN accumulation (Figure 35} and plasma extravas
ation (Figure 36) compared with skin sites injected 
with saline. In animals pretreated with either m1 B4 or 
h 1 B4 there was dose-related inhibition of both PMN 
accumulation (Figure 35) and plasma extravasation 
(Figure 36). Both antibodies were of comparable 
potency, as indicated by the estimated ED50 values 
for inhibition of PMN accumulation and plasma ext
ravasation which were approximately 0.15 mg/kg for 
both m184 and h1B4. 

Claims 

1. A recombinant human anti-CD18 antibody or 
active fragment thereof. 

2. The recombinant human anti-CD18 antibody or 
fragment thereof of claim 1 wherein the antibody 
or fragment Is capable of binding to cells expres
sing leukocyte lntegrins selected from the group 
consisting of LFA-1, Mac-1 or p150,95. 

3. The recombinant human anti-CD18 antibody or 
fragment thereof of claim 1 wherein the antibody 
or fragment is capable of binding to cells expres
sing the CD18 lntegrin subunil 

4. The recombinant human anti-C018 antibody or 
fragment thereof of daim 1 wherein the antibody 
or fragment Is capable of binding to leukocytes 
and preventing the leukocytes from entering an 
inflammatory lesion. 

5. A recombinant human immunoglobulin compris
ing a human heavy chain framework and murine 
complimentarity determining regions, a human 
light chain framework and murine complimen
tarity determining regions wherein said human 
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lmmunoglobulln Is capable of binding to a human 
CD18 integrin. 

6. A murine 1B4 light chain variable region amino 
acid sequence as shown in Figure 3. 

7. A DNA sequence coding for the murlne 184 llght 

5 

chain variable region amino acid sequence of 10 

claim 6. 

8. A murine 1B4 heavy chain variable region amino 
acid sequence as shown In Figure 3. 

9. A DNA sequence coding for the murine 184 light 
chain variable region amino acid sequence of 
claim 8. 

15 

10. A DNA sequence coding for the recombinant 20 

human anti-CD18 antibody of claim 1. 

11. A DNA sequence coding for the recombinant 
human immunoglobulin of claim 5. 

12. A ·vector containing the DNA sequence of claim 
10. 

13. A vector containing the DNA sequence of claim 

25 

11. 30 

14. A mammalian host transfected by the vector of 
claim 12 containing the DNA sequence coding for 
recombinant human anfi.:CD18 antibody. 

15. A mammalian host transfected by the vector of 
claim 13 containing the DNA sequence coding for 
recombinant human immunoglobulln. 

35 

16. A process for the preparation of recombinant· 40 

human anti-CD18 comprising culturing the trans
formed mammalian host of claim 14 under condi-
tions suitable for the expression of recombinant 
human anti-CD18 antibody and recovering said 
antibody. 45 

17. A process for the preparation of recombinant 
human anti-CD18 comprising culturing the trans
formed mammalian host of claim 15 under condi-
tions suitable for the expression of recombinant so 
human anti-C018 antibody and recovering said 
antibody. 

18. An if'!flammatory reducing or Inhibiting phar-
maceutical composition comprising an effective 56 

inflammatory inhibiting amount of the recombin-
ant human anti-CD18 antibody of claim 1 and a 
pharmaceutical carrier. 

19. The use of the recombinant human anti-C018 

23 

antibody of claim 17 for the manufacture of a 
medicament suitable for preventing or reducing 
Inflammation. 

20. The recombinant human anti-CD18 antibody of 
claim 1 wherein the antibody speciflcally reacts 
with leukocyte integrlns LAF-1, Mac-1 and 
p150,95. 

21. A recombinant human heavy chain framework 
into which has been grafted murlne complimen
tarlty detennining regions with said complimen
tarlty determining regions being specific for 
human C018 integrin. 

22. A recombinant human light chain framework Into 
which has been grafted murine complimentarity 
determining regions with said compllmenterity 
determining regions being specific for human 
CD18 integrin. 
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Fig. 1 

Mouse Ligh1 Chain Variable Region 
s· upstream primer • FR1 of variable region 

5'· TCT CGG ATC CGA (CT)AT (TC)GT G(AC)T (GC)AC CCA (GA) ·3' 
&mH1 

3' downstream primer • kappa constant region 
S· TCT CAA GCT TTG GTG GCA AGA T(GA)G ATA CAG TTG GTG CAG C ·3' 

Hind Ill 

Mouse Heavy Chain Variable Region 
s· upstream primer - FR1 of variable region 

i) 5·. TTC TGG ATC C(CG)A GGT (GCT)CA (AG)CT G(AC)A G{GC)A GTC (TAJGG .3· 
Ba:n Hl 

ii) 5·. nc TGG ATC C(CG)A GGT (GCT)AA GCT GGT G(GC)A GTC (TA)GG .3· 
8am Hl 

3' downstream primer • lgG2a CH1 region 
5·. TCT CAA GCT TAC CGA TGG (GA)GC TGT TGT m GGC .3· 

Hind Ill 

24 
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Fig. 3 

184 HEAVY CHAIN 

Asp•ya1 Lys Leu Val Glu Ser Gly Gly Asp Leu Val Lys Leu Gly Gly Ser Leu 
Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr phe Ser tftsp Tyr TJLr ~ Ser] Trp 
Val Arg Gin Thr Pro Glu Lys Arg Leu Glu Leu Val Ala (Ria lie· Asp Asn Asp 
GJy Gly Ser lie Ser Tyr Pro Asp Thr Ual Lys Gly] Arg Phe Thr lie Ser Arg 
Asp Asn Ala Lys Asn Thr Leu Tyr Leu Gin Met Ser Ser w Arg Ser Glu Asp 
!.hr. Ala Leu Tyr Tyr Cys Ala Arg [Gin Gly Arg Leu Arg Arg Asp Tyr Phe Asp 
Ty r] Trp Gly Gin Gly Thr Thr Leu Thr Val Ser Ser Ala Lys Thr .•.• 

184 LIGHT CHAIN-1 

Aso lie var Leu Thr Gin Ser Pro Ala Ser Leu Ala Val Ser Leu Gly Gin Aro Ala 
Tnr lie Ser Tyr [Arg Rio Ser Lys Ser Vol Ser Thr Ser~ Tyr m Tyr MU 
l.li!) 1w. Asn Gin Gin Lys Pro Gly Gin Pro PTo Arg Leu Lev lie Tye [Leu Uel 
Ser Rsn Leu Glu Serl Gly Val Pro Ala Arg Phe Ser Gly Ser Gly Ser Arg Thr 
Asp Phe Thr Leu Asn lle. His Pro Val Glu Glu Glu Am Ala Ala Thr Tyr Tyr 
Cys rG In His lie Arg lli Leu Thr] Arg Ser Glu Gly Gly Pro Ser Trp Lys ter 

184 LIGHT CHAIN-2 

Asp lie Val Leu Thr Gin Ser Pro Ala Ser Leu Ala Val Ser Leu Gly Gin Arq Ala 
Thr lie Ser Cys [Arg Rio Ser Glu Ser Uel Asp Ser Ivr c;rv Asn Ser Phe Met 
His] Tro Tyr Gin Gin t vs Pro Gly Gia Pro Pro Lys Leu Leu tie Tyr [Br11 Bia 
Ser Rsn Leu Gly Ser) Gly lie Pro Ala Arg Phe Ser Gly Ser Gly Ser Arg Thr 
Asp Phe Thr Leu Thr lie Asn Pro Yal Glu Ala Ase Asp Ya! Ala Thr Tyr Tyr 
~fGln Gin sec Asn Glu Asp Pro Leu] Thr Phe Gly Ala Gly Thr Lys Leu Glu 
Leu Lys Arg Ala Asp... .... 

{CO R·S] ; underline • homology to protein sequence 
Asp• determined from N-terminal amino acid sequencing; PCR primer 

encoded GAG for Glu 

26 
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Fig. 4 

# S 1 s·. CAT TCG CTT ACC AGA TCT AAG en: ACT AGT GAG ATC ACA GTT CTC TCT AC .3· 
Bgl II Hind Ill Spe I 

# A 1 s·. GCC ATA ACT ATC MC &;T TTC ACT GGC TCT ACA GGT Gb.T GGT C.AC TCT GTC-3' 

· IR 2 s·. GTG TTG ATA GTI ATG GCA ATT CTTTTA TGC N::T GGT NX AfY:..AGAAGC CAG G -3' 
# R 3 s·. GA,T JCT A@ JJG GAT GCA OGG TAGATCAGC AGC m GGA GC-3' 

I R 4 S'· GCATCC MC CTA GAATCT GGT GTG c.cA AGC AGA TTC Pl:C,-3' 
# R 5 5·. GGA TCC TCA TTA CJl JGC TGG CAG TAG TAG GTG GCG ATG TC-3' 

# R6 S'· CAAAGT AATG,.\GGATCCTCTCACGTTCGGCCAAGOOM;CA>GGTG-3' 
# I 1 5·. GAA TGT GCC TAC m CTA GA. G GAT CC A ACT GAG GAA GCA AAG -3' 

Xba I 8am Hi 
PCR RECOMBINATION AMPLIFIERS 
# A 1 5·. CAT TCG CIT ACC AGA TCT -3' 
ttA2 5·. GAA TGT GCC TAC TIT CTA G .3· 

27 
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MCS 
NdeI(2379) · 

SspI(2012) 

Xhol{4 l Human C - kappa by PCR 
Hind 111(16) 

Sph I (26) 
Pst 1(321 

Sol I( 34) 

BomHl~Kbol Bari 

Xbo I{40) 

pSP72 
(2.5 kb) 

BamHl(46) 
Smoil53} 

Kpnl (59) 
Soc 1(65) 

EcoRI (67) 
Clol(74) 

EcoRV(81) 
Bglll(85) 

CoLEI Ori 

Amp R 

BamHI 

( 0.9 kb) 

XhoI(4) 
Hindill(16) 

SphI(26) 
Pst I (32) 

Soll(34) 
Xbol(40) 
8amHI(46) 

Xbal (54) 
SacI(60) 

SacI(569) 

BomHI (977) 
pSP72/HUMAN C~smal(983) 
Koppa (3.4 kb) Kpnl (989) 

IC Soc I (995) 
T7 EcoRI(997) 

FIG. 6A I Cont. on FIG. 68) l 
Clo I (1004) 
Eco RV( 1011) 
Bglll(1015) 
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XhoI(4) (From FIG. 6A) 
Hind III (16) 

Spe 1(22) Hnidl + 
CDR-grofted(Rei)184 VK XboI IHnidl+Xbol CDR-graf ted (Rei) V-Koppa by PCR 

HindII '{'. Spel I Xbal 

pSP72/Rei1B4 
Kappa(4.0kb) 

Kpn I(340) 
Kpnl(438) 

BomHI(511) 
BomHil587) 
XbaI(593) 

w: Soc 1(599) 

Human C- Koppa 

SocI(1108) 

BomHl(1516) 
Smal (1522) 
Kpn 1(1528) 
Soc! (1534) 
EcoRI(1536) 
Clol (1543) 
EcoRV(1550) 
Bgl II (1554) 

Spel + Clal 
(1.5 kb Kappa Chain) 

(Cont. on FIG. 6C) Spel +Clal 

( 0.6 kb) 

BomHl(G} 

Pvul(5523) 

PstI(5393)~ ~~tk--HygB 

;5/lgH-Enhoncer/HygB 1 
(6. 1 kb) 

PRI 
\ 

SV 40 L(A)n 

Notl(3429) 
Ndel(3423) 
Clo I (3417) 

Nhel(3411) 

BomHI 
(1995) 

Soll 

~ 
.(2008) 

1 KpnI(2347) 
Ad2MLP 

Pvu 11(2993} 
SocI(3405) 

SpeI(3399) 
BamHI(3393 FIG. 68 
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(From FIG. 68) l 

Pvu 1(7010) 
Pstl(6880)--./"~ 

7Amp 

BomHI(6) 

p05 / lgH-Enhoncer / HygB/ 
ORI Humanized 184- Koppa 
~ (Re1Fromework) (7.7kb) 

SV40L(A)n 

Ndel(4910) Human C-Koppo 
Notl(4916)~ 

CloI(4904) CDR-grofted 184 VK 
EcoRI(4901) 
SocI(4897) 
KpnI(4891) 

BomHI(4889) 

, 

BamHI(1995) 
SalI(2008) 

IgH-Enhoncer · 

KpnI(2347) 

V40 Enhancer 

Ad2 MLP 
Pvu II (2993) 

Ad2 Leader 
BomHI(3393) 

SpeI(3399) 
KpnI(3717) 

Kpnl(3815) 

FIG. 6C 
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Fig. 7 

SHORTEN VERSICJ-l OF THE~ HEAVY CI-WN cnJSTANT REG~ . 

S-AlTiGG ATCCTCTAG ACA TCGCGGATAGACAAGAAC-3' 
Bam H1 Xba I 

5-AAT AATGQGGCCGC ATCGATGAGCTCAAGT ATGTAGACGGGGTACG-3' 
No1' Cla I S&c I 

lK PROMOTER ~GMENT 
S' • TAT AGA AJT C GG TAC CCT TCA TCC CCG TGG CCC G-3' 

Eco R1 Kpn I 
S'- TGC GTG iTC GM UC GCC .3· 

Eco Ri 

lg H ENHANCER 
5·. ITT TAG ATC T ~AG ATG GCC GAT CAG AAC CAG ·3' 

Bgl II Sal I 
5·. TIG GTC GAC GGT ACC AAT ACA TIT TAG AAG TCG AT -3' 

Sall Kpnl 
HUUAN KAP?A CC)-,JST ANT REGla,.J 

5- TCT CGG ATC CTC TAG AAG AAT GGC TGC AAA ~G C ·3" 
5·. TCT CGC TAG CGG ATC CTT GCA GAG GAT GA TAGG G -3 

32 

BIOEPIS EX. 1002 
Page 2350



~ .... 
~ 

! 
Q 

fh 

00 

bO 
u: 

CDR-GRAFTING VIA PCR-RECOMBINATION 

S1 

fillimlx::::: ; A E 

Wd@w'm'&4f#~ 

C31 I 
I I 

• I 
I 

I I 

PCA II ~ 

A1 _..,. 
f:!:i,1:p1!-ffa?4'4PJw4@W'AA 1 

RE 
l':'1!,!i;f: ~##h',¢@@'&40@ 

Signal 

ij PCA 

ij PCA 

FR 1 CDR1 FR2 CDA2 FR3 CDR3 FR4 

C4 

f1·:·:·:·:...,:::::::::::::::::::::::::,:,:, I 

,• ~ : : RE f,!•1•,,,,,1 

I I J 1 
I I 
I I 
I I 
I I 
I I 

I PCR 

.,.._ 
A2 

RE 
::::::::::::::::;::::::::*::~::::::~;::~~ ~:um 

lnlron 

~ 

BIOEPIS EX. 1002 
Page 2351



EP O 440 351 A2. 

Fig. 9 

# S 1 s·- CAT TCG err ACC AGA TCT AAG CTT ACT ACU GAG ATC ACA GlT CTC TCT AC .3· 
. BQI II Hind III Spe I 

•C 1 s·- GAT GIG MG CTG GTG GAG TCA G ·3' 

'C 2 S'· CTC CAC CAG CU CAC ATC~ GTG GAC NX TGT GGA GAG-3' 
,c 3 s·- IG~ r..GA GAC TGT GAG AGT GGT G ~ 

#C 4 s·- CTC TCA CAG TCT CCT CAG GTG AGT CCT TAC AAC CTC TC~ 
# I 1 s·- GAA TGT GCC TAC m CTA GAG GA:{ cc A ACT GAG GAA GCA AAG .3· 

Xba I Barn H1 

PCR RECOMBINATION AMPLIFIERS 
# A 1 s·. CAT TCG CTT ACC AGA TCT -3' 
#A2 5·. GAA TGT GCC TAC TTT CTA G .3· 
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Pstl(5342) ~/ 
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XhoI(4} 1 (FROM FIG. 11A} 
Hind III(16) 

Sph I (26) 
Pstl(32) 
SalI(34} 

Xbo 1(40) 
BomHI{46) 

SmaH106) 
Chimeric 1 B4 VH 

Hind III {615) 

{p8949} 
pSP72/Chimeric 184 VH 

Spel (795) 

Hind III(801) 
BgL 11(807) (3.2 kb) T7 

FIG. 118 

----~ 
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{0.8 kb VH) 

CoLE1 Ori. 
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EcoRI(6863) ~,+!---.. 
PvuI{6232} .,Y/ ~tk-Neo 

Pstl(6102l l"Amp l 
· {p8954} 

p05/Ig H-Enhoncer /Neo/ 
Chimeric 184 VH 

\ORI {7 .0 kb) 
SalI{1957) 

IgH-Enhoncer 
KpnI(2296) 

SV40 Enhancer 
Ad2 MLP 

Chimeric 184 VH 
SV40UA)n , . 

Notl{4139)" 
NdeI(4133) 
Clo I(4127) 
NheI(4121) 
SocI{4115} 

Spe 1{4109) 
BomHil4102) 

SmaI(4042) 
38 

Pvu II (2942) 
Ad2 Leader 

Hind III (3347) 
Spel(3353) 

· Nco I (3401} 
Hind 1II(3533} 

{Cont. on FIG.11C) f 
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Human C-gammaH by PCR 

Barn HI Xbol Spel~Nocl 
\/ 

(1.8kb) 

Kpn1(8623} 
EcoRI(8617} tk EcoRI{1} FROM FIG. 118) 

PvuI(7986) .. . tk-Neo 

~p (p8958~ 
p05/lgH·Enhoncer/ 

/ORI Neo/184 VH-Short 

SV40L{A)n 
Human C ·Gamma 4 

(8. 7 kb) 

Soll( 1957) 
lgH-Enhoncer 
KpnI(2296) 
SV40 Enhancer 

Ad2 MLP NotI(5893)__,_ ..... 
CLal(5887) 
SacI(5881} 

Short Human C-Gommo 4 
Pst I(4887} 
Bgl II (4856) 

Ad2 Leader." 
Chimeric 184 VH h PvuII ( 2942) 

XhoI (3097} 
Bgl II(3268) 

Hind III(3347) 
Spel(3353) 

NcoI{3401) 
Hind 1II(3533} 

Xbol{4108} Sma 1(4042} 
BamHI(4102l 

FIG. 11C 
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Fig. 12 

TRANSIENT EXPRESSION OF THE 184 CHIMERIC HEAVY CHAIN: GRAFTED REL/184 LIGHT CHAIN 
RECOMBINANT ANTIBODY IN CV1, COS7, ANO 293 CEU.S 

CELL UNE 

CV1 
cv, 

COS7 
COS7 
293 
293 

40 

ANTlSOOY 
Coa(ml) 

so 
31 
71 
e2 

385 
207 
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Fig. 13 

CPM Bound/1x105 Human ·PMNs 

- ~ v,I -~ 
0 0 0 0 
0 0 0 0 -o 

0 
0 0 0 0 

I -UI 

-0 lo I -• 
~ 

b ~ 0 
I 

0 - 0 c.., 0 
C 

J .., -0 

n I 0 -
0 

N 

J :J -(') 0 
(D 

I . -:J -_,._ .., -C 0 .... I -· -
0 C) 

:, ..... 
l> 

0 
I 

a. co 

a. 
CD -0 0.. I = 
-0 

I ..., 

-· 0 
I 
0) 
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Fig. 14 

~EM?L~TES USED AS HEAVY ANO LIGHT CHA!N VA.~IABLE REGION FRA!-1EWO?.~S 

NEW: 
1B~: 
Jon: 
Gal: 

Gal-Ml: 

QVQLOESGPGLVRPSQTLSLTCTVSGFTFS 
OVKLVESGGOLVKLGGSLKl.SCAASGFTFS 
DVQLVESGGGLVlCPGGSLRLSCAASGFTFS 
EVQLVESGGOLVQPGRSLRLSCAASGFTFS 

G 

[NC>nT] WVROPP 
[DYJKS J WVRQTP 
{TAWMXJ WVROAP 
(BLQff J WVROAP 

GRGLEWIG [YVFYBGTSDDT~PLRS-] RFTMLVDTSKNQFSLRL 
EKRLELVA [AIDNDGGSISYPDTVXGJ RFTlSRDNAKNTLYLOM 
GKGLEWVV {WRVEQVVEKAFANSVHG] R!'TlSRNDSKNTLYLQM 
GKGLEWVA [NIKZBGSZZBYVDSVXC] RFTlSRDNA.KNSLYLOM 

L 

Ud 
S5VT1.AD7AVYYCA.~ [---NL!AGCIDV)WGQGSLVTVSS ... 55 
SS!.RS!:D'JALYYCAR {-QGRU\RL>YFI>Yj WGOGTTLTVSS .. . 
~SV7?!~7~VYYCA.~ [VPLYGBYJUJ"NY;WGQGT?VTVSS ... 78 
NS!.RV::D7ALYYCAR (-----G'WGGGD-JWGQGTLVTVS~... 82 

L 85 

?...E:: D!Q~TQS?SSLSASVGDRVT!TC [IU.SGN!RNYLA------]WY 
lE~: D!V~TOS?ASLAVSlGQRATISC (RASESVDSYGNSrMH--JWY 
:.e::: c:vi-:-rosn~SLAVS!.G!:RATWC [JCSSQS\TLYSSNSKNYI.Aj i.;y 

QQK?Giv.?K~~IY (YTTTI.ADJ GV?SR:SGSGSG7DFTF7:SSL 
QQK?GQ??~~~!Y tRASh"l.ESJ Gl?ARFSGSGSR7DF~~7:N?V 
QOK?GO??K~LIY (WAST~S] GV?DRFSGSGSGTOFTLT:SSL 

Q?EDIATY~C [QBFWSTPRT} FGQGTKVVIKR ..• 
EADDVATY!C [QQSNEOPLT} FGAGTKLELKR ..• 
QAEDVAVY~C [QQYYSTPYS} FGQGTKI.EIKR ... 

\Id pe~cent identity to 1B4 FRs 

42 

Ud 
69 

81 

BIOEPIS EX. 1002 
Page 2360



EP O 440 351 A2 

Fig. 15 

TABLE 8 

·GAL"/18_. 
IGl 5·. GAG GTG CAG CTG GTG GAG TCT GGG GGA GAC CTG GTC CAG CCT GGG AGG TCT CTG AGA 

CTC TCC TGT GCA GCC TCT GGA TIC t,CC TTC AGJ GAC TAT TAC ·3' 
1G2 s·. AJA AGA GAT GCJ ACC .a.cc ATC ATT ATC MT GGC TGC MC CCA CTC CAG CCC TTI TCC TGG 

AGC CTG GCG GAC CCA AGA CAT GTA ATlo GIC ACT QAA QGI ·3' 
IG3 5'· GGT GGJ AGC ATC JCT TAJ CCA GAC ACT GTG MG GGC AGA TIC ACC ATC TCC AGA GAT AAT 

GCC MG AAC TCC CTG TAC CTG CM ATG uc AGC CJG A.GA GTT .3· 
IG• 5•. GAC CAC GGT ACC TIQ gee CCA GTA GTC MA ATA ATC ACG TCG TM TCT CCC CTG TCT 

~~™~~~~~~ww™wmrn~ 

VARIABLE REGION A>,.f)LFIERS 
IA3 5', GAG CiJG CAG CTG QTG OAQ TC -3' 
IA_. 5·. GAC CAG GGT ACC TIG GCC CC -3' 

SIGNAl FRAGMENT 
IS 1 5·. CAT TCG t'TT ACC AGA TCT MG CTT ACT AGT GAG ATC ACA GTI CTC TCT AC .3· 
•GS s·. CTC CAC CAG CTG CAC CTC GGA GTG GAC ACC TGT GGA GAG .3· 

r!=!AMEWORK (IINiRON FRAGMENT 
•Ge 5·. GGC cu GGT ACC CTG GTC ACA GTC TCC ACA GGT GAG TCC .3· 
112 5·. Gt.A TGT CCC TAC TTT CTA GAG GAT CCT ATA MT CTC TG .3· 

• JON"ti 84 
I J 1 5', GAT GTG CAG CTG GTG GAG TCT GGG GGA GGA CTG GTC AAG CCT GGG GGG TCT CTG .:.::;.:. 

CTC TCC TGT GCA GCC TCT GGA TIC ACC TIC AGT GAC l AT TAC -3" 
•J2 S'· f:TA AGA GAT GCT ACC ACCATC ATT ATC MT GGC CACMC CCA CTC CAG CCC Tii TC: TuCi 

AGC CTG GCG GAC CCA AGA CAT GTA A.TA GTC ACT GU GQJ .3• 
. • J 3 S'· GGT GGT AGC ATC TCT TAT CCA GAC ACT GTG MG GGC AGA TIC ACC ATC TCC AGA :UC G.:. T 

T:;A AAG AAC ACG CRG TAC CTG CM ATG ATC AGC GTG ACC CCC .3· 
1J, s·- GAC AGG GGT Ace TICi ccc ccA GTA GTC AAA ATA ATC ACG TCG TAA TCT ccc Ciu rcr 

CGC ACA GTA ATA CAC GGC CGT GTC CTC GGu GGT CAC GCT GAT CAT .3· 

'/ARI.ASL£ REGION AMFLIFIERS 
• AS 5·. CAT GTG CAG CTG GTG CAG TC .3· 
1A6 s·, CA.C AGG GGT ACC liG GCC CC -3" 

SiGNAL ~GMEt,tr 
•S: 5·. CAT TCG CTT ACC ACA TCT MG en ACT AGi GAG ATC ACA GTT CTC TCT AC .3· 
• J 5 s·. CTC CAC CAG CTG CAC ATC GGA GTG GAC ACC TGT GGA GAG .3· 

rAAMEWORK .intr.RON FRAGt.ENT 
I J 6 5'· GGC CAA GGT ACC CCT GJC ACA GTC TCC TCA GGT GAG TCC-3' 
112 s·. GAA TGT CCC TAC TTT CTA GAG GAT CCT A.TA MT CTC TG .3• 

PCR RECOM31NATON AMl'l.lFIERS USED FOR BOTH CONSTRI.JCil:)NS 
I A 1 5•. CAT TCG Cff ACC AGA TCT .3· 
1A2 s·. CAA TGT CCC TAC ffl' CT.A G •3' 

Underlined are that region of each oligo which hybricf1u wllh othar oligos to crea11 the ovarlapping 3' ends necessary 
l:::r PCR directed 11comb1na11on. Subsequenl amplific.ation ol the comoined oli;os ic mediated through lht sequences ,n 
bold I~. 
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GOA-GRAFTING VIA LONG OLIGOS AND PCR-RECOMBINATION 

S1 

~ 
GS: : 

I I 
I I 
I I 
t I 

PCA I I : : 
I I __.... 

A1 A3 
_..,. 
lf!j!i!i!i!ii~hW W/$/4?#'/#M W#4M I 

RE 
l!jj:i!ih!i!!-

Signal 

I'/. 

. GS 
~ 
: pMN::::::::::::~::::::::::;1::::::::::: 1 
It ~ 
I I RE_/' E[J 
I I 
I I f2 
I t 
I I 
I I 
I I 
I I 
~ II PCR Iii 

G1 G3 
m m 

G4 
G2 ij PCR 

u PCR 

FR 1 CDR 1 FR2 CDR2 FR3 CDR3 FR4 

Mf«t:j!i:::::11 ...._ 
A2 

RE 

•• -1@:i!l!I 

lntron 

'T1 
o'o' 
... 
°' 

~ 
0 

t 
0 
w 
c.n • 
ie 
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Fig. l 7 

27 54 
G~G GTG AAG CTG GTG GAG TCA GGG GGA GAC TTA GTG AAG CTT GGA GGG TCC CTG 
Clu Val Lys Leu Val Clu Ser Cly Cly Asp Leu Val Lys Leu Cly Cly Ser Leu 

81 108 
AAA CTC TCC TGT GCA CCC TCT GGA TTC ACT TTC AGT GAC TAT TAC ATG TCT TGG 
Lys i.eu Ser Cys Ala Ala .ser Cly Phe Thr Phe Ser Asp Tyr Tyr MET Ser Trp 

135 162 
G":T CGC CAG ACT CCA GAG AAG AGG CTG GAG TTG G'!'C GCA GCC ATT GAT MT GAT 
Val Arg Gln Thr Pro Glu Lys Arg ~eu Glu Leu Val Ala Ala Ile Asp Asn Asp 

189 216 -- GGT AGC ATC TC7 TAT CCA GAC ACT GTG MG GGC CGA TTC ACC ATC TCC AGA '"". 
Gly Gly- Se: !le Ser Ty: Pro Asp Th: Val Lys Gly A:g Phe Thr Ile Ser Arg 

20 270 
.;;;c AJ,:; c-... _ ... MG AAC .,., ... -...... CTG TAC CTA CM A'!G ·--I'\"'\,,.. AGT CTG AGG TCT G:.G GAC 
r.S? As:i Ala Lys Asn Thr Leu Ty: !.eu Gln t!~"" -· Se: Se: Leu A:g Ser G:u Asp 

2S7 32( 
rl:A c:::c "i!~ .r .• TAC .,., . c--.... AGA C?.G c--"" AGh 7:h CGA CGT GAT TAT -::-:r GAC 
-:-:-:: Ala Le·.: -...... Tv= Cys Ala A.Is Gln Gly Arg !.e-.: ·-,.. A .. - }.sp Ty: P?le Asp • .I - r.-":' • •W 

351 
~AC ~G;'.; c-- c;._; c-- . -~ J..C7 C-:C ACJ.. G"T',.. TCC :CA G-- ;..;..;.. ACA A "'"' ...... .-.'-- -- ...... 
:'j:·'::p Gly G!r. G.:.y ':'!'Ir Th: :.eu 71':: Val Se: Se: Ala Lys Thr 
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EcoRI( 1) 
Hind 111(29) 

BomHI(375) 

t 

tk-HygB 
pAL2 
( 5.6 kb) 

BamHI(2275) 
SoLI(2551) 

BomHI 
(1.9kb tk-HygBI FIG. 18A 

Sspl (2012) 

Amp R 

Xho1(4) 
Hind 111(16) 

Sph 1(26) 
Pstl(32) 
Soll(34) 

Xbo1{40) 
BamHl{46) 

SmaI(53) 
KpnI (59} 

Soc 1(65} 
EcoRI(67} 
ClaI(74) 

EcoRV(81) 
~Bglll(85) 

pSP72 
(2.5 kb) 

CoLEI Ori 

BamHI (Cont. on F IG.188) 

m 
'lJ 
0 

5 
w 
~ 

t 
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!:'i 

Ndel(4279) 

SspI(3912) 

Xho 1(4) 
Hindlll(16) 

Sph I ( 26) 
Pst 1(32) 

Sall( 34) 
XbaI(40) 

BomHI(46) 

pSP72/tk-Hyg8 
(4.4 kb) 

tk-HygB 

BamHI(1946) 
Smal(1953) 
KpnI(1959) 
Sac1(1965) \ EcoRH1967) 
Clo I (1974} 
EcoRV(1981l 
Bgl lll1985) · 

r (FROM FIG. 18A) 

F IG.188 

1k 
KpnI(6109), ( .EcoRl(1) 
EcoRil6103)~ 

NotI(3379) 
NdeI(3373) 
Clal(3367) 
NheI(3361) 

SocI(3355) 
Spel(3349) 
BamHI(3342) 

Soll(1957) 
//'V lgH-Enhancer 

Kpnl(2296) 
SV40 Enhancer 

(Hind III minus){2662) 
Pvu II(2942) 

/ (Cont. on FIG.18C) 

m 
"'O 
0 

I 
c.:, 

~ 

t 
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t 

(FROM FIG. 188} 
Sal 1 + Smol 

( 1. 9kb ik·HygB) 

PvuI(5523) 

EcoRI ond 
fill in ends 

Pstl(5393l ~P ~tk-HygB 

p05/lgH-~nhoncer/HygB 
(6.1kb) 

\ORI ~BomHI(1995) 
Ad MLP Sol1(2008} 

Ad2 leader, / 2 / IgH-Enhancer 
Kpnl (2347) 

NotI(3429) 
NdeI(3423) 
Clal(3417) 
Nhel(3411) 
Sacl (3405) 
Spel(3399) 

BomHI(3393} 

SV 40 Enhancer 
(HindlII rninus)(2713) 

PvuII (2993) 

FIG. 18C 

Q1 
0 

g 
~ ... 
t 
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I 

(p8954} 
p05/ 1g H- Enhancer /Neo/ 

Chimeric 184 VH 
\ORI (7.0 kb) 

Chimeric 184 VH1 ;; 

SolI(1957) 
1 gH-Enhoncer 

Kpnl(2296) 
SV40 Enhancer 

Ad2 MLP 
SV40 L(Aln ~ 

Notl{4139) 
Ndel(4133) 
CLoI{4127) 
NheI(4121) 
Soc1(4115) 

Spe 1(4109} 
BomHl{4102) 

Smo1(4042)' 

CDR-grofted (Jon) 184 VH (by PCR) 
Hind III 

1

samHI \ . j 
(Cont. on F .IG.198) 

Pvu II(2942) 
Ad2 Leader 

Hind UI(3347) 
Spel(3353) 
Ncol(3401) 

Hind III{3533) 

CDR-grofted (Goll 184 VH (by PCR) 

1
speI 

1
0am HI 

_\flG.19A 

~ 
0 

g 
·w 
~ 
?; 

BIOEPIS EX. 1002 
Page 2367



g 

!FROM FIG. 19A) 
Hind lll + Barn HI 

KpnI(8621) 
EcoRI(8615) tk EcoRI(1) 

Kpn 118621) tk 
EcoRI(8615) ~\. EcoRI(1) 

PvuI{7984) ....._-_::;...~.--
Ps tl(7854) ~ .. ~tk-Neo 

Pvul(7984) 
Pstl(7854)~ ~tk-Neo 

Amp (p~:~~~M"" ~ 
p05/lgH·Enhoncer/NeoJ 

Amp ( p8959) ~ 
p05/lgH· Enhancer/Neo/184~ 

1 -Jon VH/Short Humane SoLI(1957) 
ORI -Gamma 4 (8.7kb) lgH-Enhoncer 

SV40 L(A)n,\ I Kpnl(2296) 
Ad2 Leader. SV40 Enhancer 

'I -Ga L V H/Short Humane 
ORI -Gamma 4 (8.7 kb) 

SaLl(1957) 
IgH-Enhoncer 
Kpnl (2296) 

\. 
SV40 L(A)n 

SV40 Enhancer 
Ad2 MLP 

CDR·grofted(Jon)184VH ?)CPvuII(2942) Not1(5891) 
CLal(5885) 
Sacl(5879) 

. ' Ad2 MLP 
COR·graf ted (Jon)184VH PvuII (2942} 

XhoI(3097) 
Bgl 11(3268} Notl(5891l, 
Hind[ll(3347) Clal(5885 
Spel 3353) SocI(5879) 

Ncol ( 3403) Short Human C- gamma 4 
Pvu II(3552) 

Short Human C - gamma 4 

KpnI(3884} Pst 1(4885) 
SmoI(4044) Bgl 11(4854) 

BomHI(4101) 
Xbo 1(4106) 

FIG. 198 

. XhoI(3097) 
BgLI1(3268) 
HindfII(3347) 
Spel 3353) 

Nco1(3403) 
Pvu 11(3552) 

Kpnl(3884) 
SmoI(4044) 

BomHI(4101) 
Xbol(4106) 

m .,, 
0 

g 
w 
UI .... 
t 
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Fig. 20 

. Summary of Competitive Binding Activities of mlB4 & h1B4 

Framework Constructs 

Cg D:iltlil5'1 MI l!!l lkil n.M. S.li li. 12.: (rt 11u~1l 

ml84 O.S2 0.20 9 <0.000S(Gal·) 

Gal/Rei 1 .68 0.26 '19 <0.000S(New) 
I, 

Gal/Len 2.80 ,.o4 2 <0.000S(Gan 

Jon/Rei 5.88 0.13 3 <0.000S{Gal•} 

New/Rei 7.99 0.73 3 •O.OOS(Jon) 

rnut Gal/Rei 0.67 0.08 4 >0.20(m1B4) 

Oernichimera 0.46 0.08 3 >0.61 (mtB4) 

·Gal • GaVRei hla.4 construct 
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Fig. 21 

·LEN"/184 
• L 1 5'- GACATCGTGATGACCCAGTCTCCAAATTCCCTGGCTGTCTCTCTIGGA 

~>GA~NXATCAACTOC /JGA@ AGT GY,AGT GTJ Ge.I ·3' 
# L 2 5'. A(li AJA GA,T CAG r~G CITAGGAGGCTG CX:CTGG m CTG CTG ATArxA GTGCAT 

'4N. AGA ATI GCC ATAN:::r ATC cY,C ACJIJC AfiI GGC ·3' 
I L 3 S'- MG CTC CTG ATCTATCGJ' GCA Tet:.AbCCTA~ TCT GGG GTCCCAGa.cN;GTTC 

A!XGOC /JGT~ TCT GOO ACAGAT UC ACT CIC AQC-3' 
# L4 S'- r,GT('~Af-OATCc;rcAUACTTIGCTGACAGTAATAAACTGCAACATCTTCAGC 

CTG CAG GCT GCT GAT GGTGA,G AGT <lY. ATCJGT -3 
# L 5 s·- TAATGA('-{"--ATCCTCTC(ACGTTCGGc:cAAOO<:ACCAAGCT006.GATCAAAOOTGA 

GTA GA.A TTT AAA en TGC nc CTC AGT T AA GCT nc TAG A .3· 

VARIABLE REGION AMPLIFIERS 
#AS 5·. GAC ATC GTG ATG ACC CAG TC .3· 
# A 6 5·. TGC CT A CTT TCT AGA AAG CTT AAC TGA GG .3· 

SIGNAL FRAGMENT 
# S2 5·. AGA TCT ACT AGT AAG CTT GAG ATC ACA GTT CTC TCT AC -3' 
# L 6 s·. CTG OOI CAT CAC GAI GTC GGA GTG GA.C ACC TGT GGA G&.G -~ 

PCR RECOMBINATION AMPLIFIERS 
•·A 7 s·. AGA ICI ACT AGI AAG CIT GAC -s· 

Bgl II Spe I Hind Ill 

• A 8 s·- TGC CT A CTI TCT AGA A AG CU .3· 
Xba I Hind Ill 

Underiined are that region of each oligo (L, -LS) which hybridize with other oligos to ere ate the 
over!a:p,ng 3' ends necessary for PCR directed recombination. Subsequent amplification of tne 
combined oligos is mediated through the sequences in bold type. 
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! 
Cl 
a. 
w 
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N 

Oil 
u: 

GOA-GRAFTING VIA LONG OLIGOS.AND PCR-RECOMBINATION 
S2 

1,1,:,i~E 

W////////////////////////////////////////////////A 

A7 
~ 

PCA 

~ 
L6 1 • 

I I 
I I 
I .I 
I I 
L..1 _,... 
AS 

f*:1T1·i1~ >·:M:•=·:Jff@ waw(ff!M"f74'iZ@ v//tf#'dfhWWj 

RE 
ji!!!;!j!!!i!~/UH/ffH#h'U//Hffff#/#H###,//#/7,0) 

Signal 

L1 L3 
DI Ii Ill 

L2 L4 

PCA 

u PCA 

11 
LS 

RE
~ ..... :.../'.~ 

A6 

·!~Tifil'W 

.,..._ 
AB 

RE -FA 1 CDA 1 FA2 COA2 FR3 CDR3 FR4 

&l 
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t 

Xhol (4) 
Hind1II(16) 

SpeI(22) 
Nde 1(3848) 

SspI(3481) 

pSP72/Rei184 
Kap pa(4 .Okb) 

FIG. 23A 

CDR-grofted(Rei) 184 VK 
Kpn 1(340) 

KpnI(438) 
BamHI{511) 
BomHI(587) 
Xbol (593) 

\....W" Socl{599) 

Human C-Kappa 

Soc 1(1108) 

BomHI(1516) 
Smol (1522) 
Kpn I (1528) 
Socl (1534) 
EcoR I ( 1536) 
Clo 1(1543) 
EcoRV(1550) 
BgL 11(1554) 

CDR-grafted (Len) VK by PCR 
Spe I Hind III S I Hind III V pe ')VXbal 

(0.6 kb) 

Xhol(4) 
Hind 111(16) 

peI(22) 
Hindlll(28) 

Ndel(3848) 
Sspl(3481) 

(p8967) 
pSP72/Len184 
Koppo(3.9 kb) 

Len184 VK 
BomHI(511) 
8omHI(587) 
Hindlll(590) 

~Xbol(593) 
SocI(599} 

Human C- Koppa 

Soc I(1108} 

~ BomHI(1516} 

( Cont. on FIG. 238) / 

CoLE1 Ori 

SmaI(1522} 
Kpnl (1528) 
SacI(1534} 
EcoRl(1536) 
Clo 1(1543) 
EcoRV( 1550) 
Bg L II ( 1554) 

qi 
0 

t 
0 
c., 
UI .... 
~ 
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BamH 1(6) (FROM FIG. 23A) 
PvuI(7010) ...... ---.--

Pstl(6880) ~ ~tk-HygB 

Amp (p8953l ~ 
p05/ IgH-Enhancer/Hyg 8/ 

Spel + Clo I 
(6.1 kb) 

Spel + Clo! 
(1.5kb Lenl84 Koppa) 

Not 1(4916) 

Humanized 1B4-Kof pa 
lORI (Re1Fromework . 

(7.7 kb) 

8amHI(1995} 
Sall(2008) 

I gH -Enhancer Pvul(7010) 
Kpnl(2347) Pstl(6880) 

SV40 Enhancer 
Nde 114910) :::::v,. Ad2 MLP ~0-.""tk-:HygB 

PvulI(2993) ~p 3 "' Clol (4904} 
"' EcoRI(4901) 

SacI(4897) 
Kpnl(4891) 

BomHI(4889) 
Socl(3976) 
Xbol(3970) 
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Fig. 24 

21 54 
G.:..C AT! GTG ATG ACC CAG TCT CCT GCT TCC TTA GCT GTA TCT CTG GGG CAG AGG 
Asp Ile Val MET Thr Gln Ser Pro Ala Ser Leu Ala Val Ser Leu Gly Gln Arg 

81 108 
c:c ACC ATC TCA TAC AGG GCC AGC A>.A AGT GTC AGT ACA TCT GGC TAT AGT TAT 
A.:.a Thr Ile Ser Tyr Arg Ala Ser Lys Ser Val Ser Thr Ser Gly Tyr Ser Tyr 

l3S 162 
J..7~ C?.C TGG AAC CAA CAG AA>. CCA GGA CAG CCA CCC AGA CTC CTC ATC TAT CTT 
~; Eis Trp Asn Gln Gln Lys Pro Gly Gln Pro Pro Arg Leu Leu Ile Tyr Leu 

c;:-;,, 'TCC '.,. rJ'I. .. c-· ..,.. 
\'·' ""- Se: Asn Le".! 

;.:;,, Gr.C 77C ACC 
T!".: J.s-;; ?he Tl':: 

l"'- --- -· ... c·r 
"· .l\:11 • .. nu "'"" 

~1f" Cys ,. . -~-·· His 

u~ ;.:..c G.iG c:
As n Gly 

GAA TC' GGG 
Glu Se: Gly 

CTC AAC A':'C 
Lee Asn Ile 

1-.:-: AGG GAG 
Ile A:; Glu 

189 216 
GTC CCT GCC AGG 77C AGT GGC AGT GGG TC, AGG 
Val Pro Ala A:g PJ-,e Ser Gly Ser Gly Se: Arg 

243 210 
C~.T CCT GTG GAG·GJ..G GAG GAT GCT GCA ACC TAT 
His Pro var Glu Glu Glu Asp Ala Ala Th: Tyr 

29i 324 
c--J.. ACA CG-: ':CG GAG G'"'" "''J GGA CCA AGC TGG AAA 
Leu Th: A:g Se:- Glu Gly Gly Pro Ser T:? Lys 
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Fig. 25 

27 54 
c;.T ATT GTG CTG ACC CAG TCT CCA GCT TCT TTG GCT GTG TCT CTA GGG CAG AGG 
Asp Ile Val Leu Thr Gln Ser Pro Ala Ser Leu Ala Val Ser Leu Gly Gln Arg 

Bl 108 
CCC ACC ATA TCC TGC AGA GCC AGT GA.A AGT GTT GAT AGT TAT GGC 'AAT TCT TTT 
1'.la Th: lle Ser Cys Arg Ala Ser Glu Ser Val Asp Ser Tyr Gly Asn Ser Phe 

135 162 
J.'!'~ CAC TGG TAC CAG CAG AAA CCA GGA CAG CCA CCC 'AAG CTC CTC ATC TAT CGT 
~.ZT His T=? Tyr Gln Gln Lys Pro Cly Gln Pro Pro Lys Leu Leu Ile Tyr Arg 

G::; '!CC AAC c-.. 
i" GAA 7CT GGG 

A:a Se= is~ Leu Glu Ser Gly 

,_, G'- ,TC ACC CTC ;.cc AT'T n..n '"-
T!-.= Asp ?he Th: !..eu '!~= !le 

_,_ -- ,.. ~ CAA .riGT -,._;7 GAG .n._ •\J• wl'\\! -,.- Cys Gl;-. G:..n . . • -

~r.G C'!G ;.}.A CG~ 
G.:~ ~ei.: Lys A!'g 

Se: J.s;-• Gl\; 

189 216 
ATC CCT GCC AGG TTC AGT GGC AGT GGG TCT AGG 
Ile Pro Ala Arg Phe Ser Gly Ser Cly Ser Arg 

243 2i0 
AAT CCT GTG GAG CCT GAT GAT CTT GCA ACC TAT 
J..sn Pro Val Gh: Ala Asp Asp Val Ala Thr Ty: 

297 324 
G;.-; CCT c:-c ACG TTC G'"-~.l GCT GGG ACC AAG C7G 
Asp ?:o l,et: Th: ?l;e Gly Ala Gly Thr Lys Lee 
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Fig. 26 

, S 1 s·- CAT TCG CTI ACC AGA TCT AAG err ACT AGT GAG ATC AC .3· 
Bgl II Hind Ill Spa I 

# G 7 s·. AGA TCT CCC CCA GAG TCA ACCAGC TG -3' 

•G 8 S· TGA GJ:CJGG GGG AGA TCT TGTTCA GCC TGGAGG GTC TCT G-3 
I G 9 5·. ATC MJ G0C JGC MC CAG CTC CAG cccmrcc ·3' 

I G 1 o s·. CTG GTT GCA Gee ATT GAJ AAT -3' 
I G 1 1 s·. Gf"y. G!\C TGJ CAG CAG GGT ACC TTG GCC CCA-3 

, G 12 s·. ACC CTG CTG ACA GTCTCC N:.A GGT GAG-3' 
# 12 5·. GAA TGT GCCTACm CTA GAG GAT ccr ATA AAT CTC TGG CCA TG .3· 

Xba I B~m H1 

F'CR R:COMSINATION AMPLIFIERS 
: A 3 5·. CAT TCG CTT ACC AGA TCT .3· 
IA4 5·. GAA TGT GCC TAC TTT CTA G-3' 
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Fig. 31 

HUVEC 

CTL 

COMPARISON OF Gal/Rel hl84 ANO mlB4 IN 

IN VITRO FUNCTIONAL ASSAYS 

blB4 

8.2 

2.0 

n. 

9 

4 

1cso (nM) 
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lmmunof luorescence microscopic localization of ml84 and 

Gal/Rel hlB4 staining In 5 um frozen sections of rabbit 

tl1sue1.• 

Tissue 
bone marrow 

cerebrum 

kidney 

large intestine 

liver 

lungs 

lymph nodes 

myocardium 

stomach 

striated muscle (leg) 

spleen 

mlB4 staining 

++++ 

0 

+ (leukocytes only) 

0 

0 

++ (leukocytes only) 

++ 

0 

0 

0 

+++ 

Gal/Rei hlB~ staining 

++++ 

0 

+ {leukocytes only} 

0 

0 

+• (leukocytes only} 

++ 
.-a 

0 

0 

0 

~ 

·conseC1Jt:ve tissue sec:ions were s:ained individually with mlS4 or hlS4. Two double

bli:-:ced ex~riments were performed by diHerent Investigators. ihe degree ot labeling 

was scored as O {negative}. -+ (s~arse}. ++ (moderate), +++ (Intense), and -.+ 

(markedly Intense). 
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Fig. 33 

DOUBLE LABEL IMMUNOFLUORESCENCE MICROSCOPIC 

LOCALIZATION OF Gal/Rel HUMANIZED AND MURINE 

184 IN RABBIT BONE MARROW CELLS• 

Primary Antibodies ApplJcd Gat(ReJ bJB4 mlB4 

Gal/Rel hl84 + mlB4 +++ +++ 

hlgG4 + mlB4 0 +++ 

Gal/Rel hlB4 + buffer +++ 0 

ml84 + buffer 0 +++ 

hlgG4 + buffer 0 0 

5 um frozen sections of rabbit bone marrow were stained with mixtures or GaVRei 
hl54 and native murine 194 or controls (hlgG4, buffer}. + + + • moderate staining: O 
• negative. 
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Fig. 34 

DOUBLE LABEL IMMUNOELECTRON MICROSCOPIC 

LOCALIZATION OF Gal/Rel HUMANIZED AND MURINE 

184 IN SPECIFIC GRANULES OF HUMAN PMNS* 

Primary Antibodies Applied Rel at lye Staining Intensity 

Gel/Rel bJB4 mlB4 

Gal/Rel hl84 + ml84 ++++ ++++ 

hlgG4 + ml84 0 ++++ 

Gal/Rel hlB4 + buffer ++++ 0 

• 80 nm ultrathin frozen sections of human PMNs were double stained with Gal/Rei 
hl34 and native murine 184 or controls (hlgG4, buffer). + + + • • intense staining: 0 
• negative. 
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Fig. 35 
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Dose-dependent Inhibition by murlne 
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Fig. 36 

Dose-dependent Inhibition by murln'e 
and humanized IB4 of csa (100 pmol)-lnduced 

2 o plasma extravasatlon In rabbit skin. 
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FIG. 37 A 
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@ Publication number: 0 440 351 A3 

~ Europiisches Patentamt 

@) 'fJ European Patent Office · 

Office europeen des brevets 

@ EUROPEAN PATENT APPLICATION 

@ Application number: 91300369.5 

@ Date of filing: 17.01.91 

@ Priority : 19.01.90 US 467692 
20.12.90 us 627422 

@) Date of publication of application : 
07.08.91 Bulletin 91/32 

@ Designated Contracting States : 
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@ Date of deferred publication of search report : 
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@ Applicant: MERCK & CO. INC. 
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Rahway New Jersey 07065-0900 (US) 

@ Recombinant human anti-CD18 antibodies. 

@ Recombinant immunoglobulin specifically 

@ Int. Cl.5
: C12N 15/13, C12N 5/10, 

C12P 21/08, A61K 39/395 

@ Inventor : Law, Ming-Fan 
12344 Picrus Street 
San Diego, California 92129 (US) 
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4 Richmond Court 
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@ Representative : Thompson, John Dr. et al 
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Fig. 13 reactive with the CD18 integrin or antigen of 
leukocytes and methods for the production of 
the immunoglobulin are disdosed. DNA con
structs containing the complementarity deter
mining regions (CDRs) of a murine antibody are 
recombinanUy combined with the chosen 
frameworks of variable regions of both heavy 
and light chains of a human antibody. The 
constructs are transfected into eucaryotic host 
cells capable of expressing the recombinant 
immunoglobulin sequence. 
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Monocl?nal Antibodies 

This invention relates to novel monoclonal anti-RhD 

antibodies prepared by recombinant DNA methods. 

The Rhesus blood group system is a major antigenic 

constituent of the human red blood cell membrane; of 

this group, the RhD antigen ·is of particular clinical 

10 importance in relation to isoimmune reactions. An Rh D-

individual with rlnti-RhD who receives Rho+ blood is 

liabJe to suffer substantial red blood cell (~BC) 

destr.uction due to the RhD phenotype incompatibility, 

and thus blood of donors must routinely be classified as 

15 Rho+ or Rh.D-. Anti RhD monoclonal antibodies (antiD 

Mabs) are capable of providing blood-typing reagents of 

high specificity and reliability. 

The RhD·antigen is also respotisibl~ for haemolytic 

disease of the newborn (HON). This condition arises in 

20 newborn Rho+ infahts of RhD- mothers previously· 

sensitised to RhD antigen as a result of IgG anti-RhD 

antibodies crossir .g the placent~· during pregnancy and 

causing foetal red blood eel~ (RBC) destruction. 

Sensitization of the RhD- mother to RhD antigen often 

25 occurs during the birth of an earlier RhD+ child due to 

some foetaLRBCs entering the maternal circulation and 

being recognised as foreign by the maternal immune 

system. To reduce·the in~idence of HDN, it is ·routine 

practice in the United Kingdom and many other countries 

30 to give anti-Rho antibodies to RhD- mothers immediately 

after the birth of an Rho+ infant so that any Rho+ RBCs 

which may have enteFed the maternal circulation are 

rapidly removed. 

The search for the most effective anti D Mabs has 

35 proved to be extre~ely time consuming~ involving the 

isolation of B-lymphocytes from humans immunised against 

RhD, usually Rh~ve mothers who have given birth to Rh+ve 
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children. such lymphocytes are subjected to EBV 

treatment to provid~ an immortalised cell-line directly 

or the EBV-treated cells are hybridised with suitable 

mouse myeloma cells to provide a hydridoma: The cell-

s line or hybridoma.may then be used to produce the anti-D 

Mab in the conventional way. 

However, there are significant differences between 

aati-D Mabs in terms of their binding affinities for red 

cells, their ability to recognise D-variants such as nu 
10 and ov1 , and their ability to destroy target cells by 

phagocyt·-:,sis or cell-mediated lysis. It is desirable, 

therefore, to have available a method of combining the 

·favjurable parameters of different anti-D Mabs or, 

indeed of combining the most favourable features of· 

15 selected anti-D Mabs w~}h ~~s of ~ite ~ifferent 

specificities which present particular advantages, in 

order t~ produce so-called chimaeric Mabs. 

The concept of building chimaeric Mabs, has been 

described by Jones et_.al (Nature 321, 522-525 (1986)) 

20 and Riectwann et al (Nature 332; 323-327 (1988)). Three 

dimensienal studies have shown that immunoglobulins

comprise -~ssentially constant regions common to most 

Mabs and terminally situated variable domains associated 

with antigen binding. 

25 It tas been shown that the variable domains consist 

of two p-3heets joined by a disulphide bridge with their 

hydrophob i.c faces in contact. Sequence comparis<:>ns 

among heavy- and lighf::-chai~ variable -domains (VH and VL 

respectively) have reveaied that each of these domains 

30 comprises three hypervariable domains or complementarity 

determining regions (CDRs) set in a framework of four 

relatively conserved regions, the framework regions 

(FRs). The CORs are primarily responsible for the 

. recognition of specific antigens. The structur·e of the 

35 P-sheet framework is similar in different antibodies, as 

the packing together of VL and VH 'FRs is conserved and 

the·refore the orientation of_ Vl with respect to VH is 
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fixed. 

Genes coding Eor a number of Mabs are now available 

and the sequences coding for the variable regions VL ·and 

VH have been determined. It is thus possible to r~place 

5 the latter sequences by DNA coding for Vt and VH from 

different Mabs and indeed to construct the latter by 

incorporating DNA coding .for chosen CDRs into DNA coding 

for a standard set of FRs. It is thus possible to 

construct genes cod~ng for chimeric anti-D Maps having 

10 the CDRs from anti-0 Mabs possessing particularly 

desirable specificities or other. prope'rties and 

framework and constunt regions derived from Mabs having 

other desirable properties. 

It is a prerequisite of such construction that the 

15 ami~o acid sequences of the CDR regions of th~ chosen 

anti-D Mabs and/or the genes coding for them, should be 

known~ The specific CDR gene sequences can ·then be 

synthesised, conveniently by chemical synthesis of the 

appropriate oligonucleotides, and incorporated into DNA 

20 sequences coding for a standard set of FRs and the human 

(or other) constant region. Of course, the FRs may be 

·ldentical with those· of the Mab providing the constant 

region or, more conveniently, they may be a standard set 

c.,f FRs which can be used generally in the synthesis of 

25 <:himeric Mabs. 

We have produced a number of anti-D Mabs of 

p3rticular interest and have determined their amino acid 

s~quences, thus making it pqssi~le for DNA sequences 

corresponding to their CDRs to be synthesised and 

30 incorporated into Ve and vL_sequences as described above. 

35 

These may then be combined with DNA coding for the 

constant region to enable novel anti-D Mabs to be 

synthesised which may have lower, the ~ame or higher 

.binding ability. 

Thus, according to one aspect we provide DNA 

sequences comprising oligonucleo~ides encoding CDRl, 

CDR2, and CDR3 regions of VH and VL domains of antibodies 

...... 
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against the human RhD antigen, and functional 

equivalents thereof. In particular, we have 

investigated and sequenced eleven Mabs, namely a) FOG-B, 

b) PAG-1, c) MAD-2, d) FOG-1, e) FOM-1, f) FOM-A, g) 

5 BRAD-3, h) JAc-10,· i) GAD-2, J) REG-A, K) HAM-B, whose 

heavy and light chain sequences are represented in 

figures 2-14, of the accompanying drawings, and which 

have both varied and particul~rly useful binding 

specificiti~s. The figures 2 and 3 show the nucleotide 

. 10 · and amino acid sequences of the light chain variable 

domains of the Mabs FOG-Band PAG-1. Corresponding 

sequences for the heavy chain variable domains of these 

two Mabs ~re shown in figures 4·and 5, and sequences of 

the heavy chain variable domains of the Mabs MAD-2, 

15 FOG-1, FOM-.A, BRAD-3, JAC-10, GAD-~, REG-A and HAM-Bare 

shown in figures 6~14. 

Synthetic gen~s, for both heavy and light chains 

may be created by combining selected CDR 1, 2, and 3 

regions, which may be. selected from different antibody 

20 molecules having varied binding specificities. 

Thus according to a.further aspect,. we provide DN~ 
molecules coding for the heavy or light chain fragments 

of a monoclonal antibody or fragment thereof comprising 

CDRl, CDR2 and CDRJ encoding oligonucleotides from 

25 antibodies FOG-B, PAG-1, MAD-2,· FOG-1, FOM-1, FOM-A, 

BRAD-3, JAC-10, GAD-2, :REG-A and HAM-Bas illustrated in 

-figures 2-.14. 

In order to create ·:tunctional genes, such 

oligonucleotides must be incorporated into a backbone 

30 sequence such that when expressed, functional proteins 

result. 

Thus according to a further aspect, we provide DNA 

molecules comprising a gene coding for the framework . 

. regions of a human antibody light or heavy chain having 

35 inserted therein in the correct CDR region, 

oligonucleotides encoding CDRl, ~DR2 and CDRJ regions 

according·to the present invention. 
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In the synthesis of a chimeric Mab in accordance 

with the invention, single stranded DNA coding for the VH 

region of a chosen Mab (not necessarily an anti-D Mab) 

is ·incorporated in single stranded form into a vector 

5 capable of producing single· stranded DNA, such as the 

MlJ bacteriophage. Fig. 1 shows diagrammatically the 

. structure of a single stranded V8 DNA including framework 

regions FR1 to FR4 with complementarity determining 

regions CDRl to CDRJ of a Mab. ·· Thet,;e steps can be 

10 accomplished by conventional techniques such as those 

described in Riechmann et al (Nature_, 332, 323-327, 

(1988)). 

Three oligonucleotides may then.be prepared 

corresponding to the CDR regions of the chosen anti-D 

15 Mab variable domain, eg _the V8 region of F,OG-B as_ shown 

in Fig. 4, and will include several nucleotides on 

either side of each CDR region to P~FJDit hybridisation 

with the framework regions FR1 to FR4 (see figure 1). 

The sequences of the latter will .normally be 

20 substantially homologous with those of the anti-D Mab 

(e.g. FOG-B) but since the oligonucleotides will 

normally be synthesised ~hemically, hybridisation may be 

ensured by matching the overlapping nucleot~des exactly 

to the FRs 1 to 4. It may also be beneficial to modify 

25 the oligonucleotides to express the CDRs more 

efficiently in the eventual host cells. 

The three oligonucleotides, shown in Fig 1 as oligo 

1 to oligo 3, may then):>~ annealed to a single stranded 

V
8 

DNA in the M13 vector and used as primers to 

30 synthesise second strand DNA containing the anti-D V8 CDR_ 

sequences. This may be achieved conventionally using a 

suitable polymerase. Since the antibody specificity is 

determined solely by the three CDR regions, the actual V8 

.gene chosen for the framework template is immaterial. 

35 All that is required is that there "is sufficient 

homology of the three chosen oligonucieotides with the 

· template. This is ensured by appropriate design of the 
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terminal nucleotides of the synthetic oligonucleotide 

primers. Thus the second strand may contain sequences 

from substantially any human antibody h~avy chain gene, 

so l~ng as the resulting expressed protein posesses the 

5 desired binding parameters. 

The double stranded M13 vector may then be used to 

·transform a suitable host microorganism e.g. a 

conventional E.coli and one.or more clones selected 

which contain the required anti-D VH specificity. The 

10 correct clone may be identified by DN~ seqencing. 

15 

The corresponding VL DNA (e.g. for·FoG-B) may be 

.prepared in the same way. 

The DNA coding for the VH and VL regions may then be 

excised from the above vector~ and introduced into other 

vectors. f.. 

According to a further aspect, we provide DNA 

molecules bei~g synthetic genes for chimaeric antibody, 

heavy or light chains when.incorporated into vectors 

capable of expressing such antibody chains. Preferred 

20 vectors include mammalian expression vectors, such as

pSV2gpt.(heavy chains) ~nd pSV2neo (light chains) 

containing DNA coding for the human constant region. 

Such vectors are readily available from a number of 

laboratories, or can readily be prepared by 

25 incorporating DNA coding for human constant region into 

known mammalian vectors. 

The expression vectors so constructed may then be 

co-transfected into an appropriate cell-line e.g. a non

secreting IgG myeloma, for large scale production. 

30 Thus according to a yet further ~spect, the pr~s~nt 

invention provides each of the CDR polypeptides of the 

Mabs FOG-B, PAG-1, MAD-2, FOG-1, FOM-1, FOM-A, BRAD-3, 

JAC-IO, GAD-2, REG-A and HAM-B shown in Figs. 2-14 of 

.the accompanying drawings in single stranded or double 

35 ·stranded form iri the absence of the constant and or 

framework regions of said Mabs. 

According to a yet further aspect, the invention 
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provides chimaeric antibody heavy and light chains of 

the variabl_e domains comprising CDR polypeptide 
se911ences of the present invention. 

Knowledge of the antibody sequences according to 

5 the invention enables new chimaeric anti-D antibody 

molecules to be p~eJ;?ared, having appropriately designed 
binding specificities. These antibodies may be used for 

both therapy and diagnosi~ usi~g presently known 
techniques. 

10 According to a yet further aspect, we provide anti-

RhD reagents comprising at least one antibody molecule 

according to the invention. 

~ccording to a still yet further aspect, we provide 
pharmaceutical compositions for use in passive 

15 immunisation to prevent haemolytic disease of the 
·newborn comprising an antibody of :the present invention 

together with at least.one phamacologically acceptable 

carrier or diluent. 
.. 

A sterile solution of such an antibody for human 

20 injection may be formulated in any physiologically 
acceptable aqueous medium, for example isotonic 

phosphate buffered saline ··or sEi'rum. Alternatively, the 

antibody may be supplied in.a freeze-dried' formulation 
ready for reconstitution prior to use. 

25 
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EXAMPLE 

(1) Construction of Chimaeric Antibody Genes 

5 Three oligonucleotide primers are synthesised using· 

an Applied Biosystems machine according to the 

manufacturer's instructions and purified on an 8 M 

U'rea/polyacrylamide gel (Sanger & Coulson, Febs Lett., 

fil, 107-110, 1978) ·• The primers are designed to 

10 comprise in their central regions sequences 

complementary to the CDRl, CDR2 and CDR3 regions of the 

anti-RhD antibody PAG-1 heavy chain gene, as identified 

according to the criteria described by Kabat et al. 

{Sgquences of Proteins of Immunological Interest,_ us 
15 Department of Health-af'l!d Social Services, 1987). 

20 

25 

The central sequences are flanked at both their 5' 

and 3 1 .termini by sequences of 10 nucleotides which 

hybridise to the termini of the corresponding framework 

regior, sequences adj_acent to the CDR sequence of the 

heavy chain antibody gene NEWM (Poljack et al., 

Biochemistry 16, 3412-3420, 1977). The primers are then 

hybridised to-the derived NEWM single stranded DN~ heavy 

chain sequence in the M13 bacteriophage and the 

complementary strand of the heavy chain variable region 

ext":ended using DNA polymerase (Neuberger et al., Nature 

314, 268-270 (1985), Jones et al., Nature 321, 522-5 

(1986)). The M13 vector also contains an appropriate 

arrangement for ultim~te_expression, i.e. a leader 

sequence, and unique HindIII and BamHI restriction 

30 sites. 

A similar construct is prepared from· 

oligonucleotide primers homologous to the CDR regions of 

the PAG-1 anti-RhD antibody light chain genes, and 

.utilising the M1_3 vector in which Vt and JL ·regions of 

. 35 the antibody gene PAVl (Sun et al., Nucleic Acids 

Research 12, 4921-4934, 1985) are cloned. 
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(2) Expression of Antibody Polypeptides 

The cloned genes for the VH domains are excised 
5 using HindIII and BamHI and cloned into pSV2gpt 

(Mulligan and Berg, "PNAS 78, 2072-6, 1981). The cloned 

light chain genes are similarly excised and cloned into 

pSV2neo (Southern and Berg, J. Molec. Appl. Genetics i 
327~381, 1981) •. Sequences encioding IgGl constant 

10 regions are then inserted into the vectors (Riechmann et 

al., Nature 312, 323-7, (1988). Both vectors are then 
transfected by electroporation (Potter et al., PNAS . .§.!, 

7161-3, 1984) into the rat myeloma cell line 
YO (YB2/3.0 AG, 20) {Galfre and Milstein, M~thods in 

15 Enzymology 73, l.-46, 1981) for antibody produ<?tion. 
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CLAIMS 

1. A DNA sequence comprising ari oligonucleotide 

encoding a CDRl·, CDR2 and/or CDR3 region of a VH or 

VL domain of ah antibody against the human RhD 

antigen, and functional equivalents thereof. 

2. A DNA sequence as claimed in claim 1 encoding the 

CDRl r~gion of a VH domairi selected from: 

AGTGGTGGTCTCTACTGGGGC: 

AGTTCCTACTGGAGC; 

GGTT~CTACTGGAGC; 

GTTTACTACTGGACC; 

GGTTAC'l'ACTGGAAC; 

GGTTACTACTGGAGC; 

AGCTATGGCATGCAC; 

AGTTACTGGATGCAC; 

AGCTATGGCATGCAC; . 

AATTATGGCATGCAC; and 

AGCTATGGCATGCAC, 

optionally with extended terminal regions. 

25 .3. A DNA sequence as claimed·in claim 1 encoding the 

CDR2 region of a VH domain selected from: 

30 

35 

AGTATATTTTATAGTGGGAGCACCTACTACAATCCCTCCCTCAAGA~C; 
· .. 

TATATCTATTACAGTGGGAGCACCAACTACAACCCCTCCCTCAGGAGT; 

GAAATCAATCATAGTGGAAGGACCAACTACAACCCGTCCCTCAAGACT; 

GAAATCAATCATAGTGGAGGCGCCAACTACAATCCGTCCCTCAAGAGT; 

GAAATCATTCATAGTGGAAGCACCAACTACAACCCGTCCCTCAAGAGT; 

GAAATCAGTCGTCGTGGAAGCACCAACTACAACCCGTCCCTCAAGAGT; 

CTTATATGGTATGATGGAAGTAATAAAGAATATGCAGACTTCGTGAAG 

GGC; 

CGTATTAATAGTTATGGAATTAGCACAAGTTACGCGAACTCCGTGAAG 

GGC; 
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GTGATATGGTATGATGGAAGTAATAAGTACTATGCAGAGTCCGTGAAG 

GGC; 

GTTATATGGTATGATGGAAGTAATAAAAACTATGCAGACTCCGTGAAG 

GGC; and 

GTTATTTGGTATGATGGAAGTAATAAATACTATGCAGACTCCGTGAAG 

GGC, 

optionally with extended terminal regions. 

A DNA sequence as claimed in claim 1 encoding the 

CDRJ region of a V8 domain selected from: 

CCAGGCTATGGCGACACCTCGGTACGGAAGAbGGTTTGGAATATGGAC 

CTC; 

GTTTTGGTTTCCCGTACC~TTTCACAGTACTCCTATTACATGG~CGTC; 

GTTTTGGTTTCCCGTACGATTTCACAGTACTCCTATTACATGGACGTC; 

CTGTGGCTCGATGGACATGGGTACAAGTTTGACTAC; 

GGCCGGTCCCGTTATAGTGGTTACGGCTTCTACTCCGGCATGGACGTC; 

GGCTTAGAACGTCCGATTAGGAACCAGCTGCTAAACCGTCTCGGTTAC 

TACATGGACGTC; 

GCCTTGGACTACATCTCCTTGGATTACGGTATGGACG'i'·C; 

GATAGTCCCAAAATGAGGG.CTGGAAGTATGTTTCGCT,\CTACTACATG 

GACGTC; 

GGAGAGCGCATAGCAGCTCGTCTCTTGTCGGGCGGGTACGGTATGGAC 

GTC; 

GTCGTTAGCAGCAACCGGTACTCTCTAAGCTACTATTATTACTACATGGAC 

GTC; 

GAACGTACTACGATGTCTG.GAGTGATCATTCCTCGCCGGTATTTTGAC 

TAC; and 

GAAGTTACTATGGTTCGGGGAGTTAGGCGTTACTACGGTATGGACGTC, 

optionally with extended terminal regions. 

A DNA sequence as claimed·in.claim 1 encoding the 

CDRl region of a VL domain selecttad frc"ll: 

TCCGGAACCAGCTCCAACATTGGGAATAATTATGTATCC; 

BIOEPIS EX. 1002 
Page 2407



W091/07492 PCT/EP90/01964 

5 

10 

15 

20 

25 

30 

35 

12 

GGGGGAAACAACATTGGGCGTAAAAGTGTGCAC; and 

GGGGGAAACAACATTGGACGTAAAAGTGTGCAC, 

.optionally with extended terminal regions. 

6. A DNA sequence as claimed in claim 1 encoding the 

CDR2 region of a VL domain selected from: 

7. 

8. 

9. 

GACAATAATAAGCGACCCTCA; 

GGTGCTAGCGAGCGGCCCTCA; and 

GGTGCTAGCGACCGGCCCTCA, 

. optionally with extended terminal regions. 

t. 

A DNA sequence as claimed in claim 1 encoding the 

CDR3 region of a VL domain selected from: 

GCAACATGGGATAGCAGCCTGAGTGCTGTGGTG: and 

CAGGTGTGGGATAGTAGTAG~GCTCATCC~GGGGTGGTA, 

optionally with extended ter. .. inal regions. 

A DNA sequence as claimed in any one of claims 2 to 

7 wherein the said extended terminal regions 

hybridise with the terminal sequences of the 

framework regions of a human ~ntibody heavy or 

light chain gene f~~nking the CDR region. 

A DNA molecule for the synthesis of a synthetic. 

gene coding for the heavy chain fragment of a 
monoclonal antibody or_ fragment thereof comprising 

a CDR1 encoding oligonucleotide as claimed in claim 

2, a CDR2 encoding oligonucleotide as.claim in 

claim 3 and a CDRJ oligonucle~tide as claimed in 

claim 4. 
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10. A DNA molecule for the synthesis of a ·. syqthetic 

gene coding for the light chain f.ragment of a 

rnonocJ.onal antibo~y or fragment thereof· comprising 

a CDRl encoding oligonucleotide as claimed in claim 

5, a CDR2 encoding oligonucleotide as claimed in 

claim 6 and a CDRJ oligonucleotide as claimed in 

claim 7. 

11. A DNA molecule comprising a gene coding for the 

10 framework region of a human antibody light or heavy 

chain having insert~d therein for a heavy.chain.in 

the ~DRl position an oligonucleotide as claimed in 

~laim 2, in the CDR2 position, an oligonucleotide 

as claimed in claim J and in ·the CDRJ position, an 

15 oligonucleotide as claimed in claim 4. 

20. 

12. A DNA molecule c~mprising a gene coding for the 

framework region of a human·antibody light or heavy 

chain having inserted therein for a light chain in 

the CDRl position an oligonucleotide as claimed in 

claim 5, in the CDR2 position an oligonucl~otide as 

claimed in claim 6 and i1r"the CDR3 position an 

oligonucleotide as clqimed·in claim~-

25 13. A DNA molecule as cl1imed in claim 11 or claim 12 

when incorporated in a vector capable of expressing 

the said·antibody he~vy or light chain. 

14. An expression vector as claimed in claim 13.which 

30 is replicable in mammalian cells. 

35 

15. A polypeptide sequence encoded by a CDR nucleotide 

sequence·as claimed in any one of claims 2 to 7, 

and functional equivalents thereof. 

16. A chimaeric antibody VH or VL chain or_fra~ent 

thereof encoded by a DNA sequence as claimed 
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respectively in claim 11 or claim 12. 

17. A chimaeric,, antibody molecule against the RhD . . 
antigen wherein the variable regions of the heavy 

5 and light chains comprise polypeptide sequences as 

claimed in claim 15. 

10 

is. An anti-Rho reagent comprising at least one 

antibody molecule as claimed in claim 17. 

19. A pharmaceutical composition for use in passive 

immunisation to prevent haemolytic disease of the 

newborn comprising a~ antibody as claimed in claim 

17 together with at least one pharm.acologicaliy 

15 3cceptable carriet or diluent. 

20 

20. A·method of Rh-typing wherein an antibody as 

claimed in claim 17 is employed. 
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1 TCCTATGTGCTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGGACAGACGGCCAGGATT 60 
S Y V L T O P P S V S V A P G Q T A R I 

61 ACCTGTGGGGGAAACAACATTGGACGTAAAAGTGTGCACTGGTACCAGCAGAAGCCAGGC 120 
T C G G N N I G Ii: I< . S V H l•l V Q Q I< P G 

<--------------CDRl-------------) 

121 CAGGCCCCHi TGCTGGTCGTCTr-1 TGGTGCTr-fGCGP1CCGGCCCTC(..iGGGATCCCTG?1GCGA 
0 A P V L V V Y G A S D R P S . G I P E R 

< ------·····---imr.:::·-----··-·--> 

181 TTCTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGCAGCCGGG 
F S GS NS G NT AT L T IS RV-A AG 

241 GATGAGGCCGACTATTACTGTCAGGTGTGGGATAGTAGTAGTGCTCATCCGGGGGTGGTA 
b E A D Y Y C Q V W D S S S A H P G V V 

. (-- -· ------------CDR3--------------- > 

301 ~TC~~6GGAGGGACCAAGCTGACCGTCCTA~GT 333 
F .G G G T K L T V L G 

180 

240 

300 

'ti 
:i,. 
G1 
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1 CAGCTGCGGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACCCTGTCCCTC 60 
· Q L R L Q E S G P G L V I< P S E T L S L 

61 ACCTGCAGTGTCTCTGGTGGCTCCGTCAGCAGTGGTGGTCTCTACTGGGGCTGGGTCCGC 120 
T C S V S G G S ·V S S G G L Y W G W V R 

(-~-----CDRl--------> 

121 CAGCCCCCAGGGAAGGGGCTCGAATGGATTGGCAGTATATTTTATAGTGGGAGCACCTAC 180 
Q P P G K G L E W I G S I F Y S G S ·r Y 

<-----------------CDR2-----

181 TACAATCCCTCCCTCAAGAGCCGAGTCACCATATCCGTAGACACGTTGAAGAATAACTTC 240 
Y N P S L K S R V .~ I S V D T L K N N F 
- ------ -----------> 

241 TCCCT~AAGCTG~GTTCTGTGACCGCCGCAGACACGGCTGTTTATTACTGTACGAGnCCA .300 
. S L I< L S S V . T A A . D T . A •:,1 Y •/ C T r.: P . 

·(--

301 GGCTATGGCGACACCTCGGTACGGAAGAGGGTTTGGAATATGGACCTCTGGGGCCAAGGG 
G. i G D T S V R K R V W N M. ri L ~ .G Q G 
--- . ···--- .. --- · ---CDR3---· --- . : -. .;. ____ ·.· .·· -- .. ---:-·----::.' 

361 ACCACGGTCACCGTCTCCTCG 381 
T T V T V S S 

360 
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8 
I 
0:, 
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g~ 
t:ri z 
(") 
t:ri 

~ 
l,O -I ...., 

' .,, 
8 
t'l'l· 

J ...... 
c:, 

i 

BIOEPIS EX. 1002 
Page 2414



(J) 
C: 
en 
(/) 
-i . =3. 

.( .• 
.:....S rn· 
en :c 
m 
~l 

1 CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTICGGAGACCCTGTCCGTC 60 
a V Q L Q E s G p G .L ·v K p s E T L s V 

61 ACCTGCACTGTCTCTGGl~GCTCCGTCAGTAGTTCCTACTGGAGCTGGATCCGGCAGCCC 120 
T C T V S G G S V S .S S Y W S W I R O P 

<-----CORI----~ 

121 CCAGGGAAGGGACCGGAGTGGATTGGGTATATCTATTACAGTGGGAGCACCAACTACAAC 180 
P G K ~ P E W I G Y I Y Y · S. G S T N Y N 

<------------•----------'cDR2-----
• • 

181 CCCTCCCTCAGGAG TCGAGTCACCATATCAG TAG.i!'1CACG TCCAAGAACCAG TTCTCCCTG 240 . 
p· S L R S. R V T I S V D· T S K N Q 'F S L 

. -------------) 
~-

241 AAGCTGGGCTCTGTGACCGCTGCGGACACGGCCGTGTATTACTGtGCGAGAGTTTTGGTT 300 
~- L G S V T. A A D T A V Y Y C A R V L V 

..:: ---------

3(11 TCCCG TACGATTTCACAG TACTCCTATT P1CATGGACG TCTGGGGCAAr-1GGGACCACGGTC 
... S R" T 1· S Q Y S Y Y M D V W G K G T T V 

- · .------- -CDR3 - --- ~ ------------> 

361 ACCGTGTCCTCA 372 
T V S S 

360 

. 'tl 

~ 
t .... 
<: ~-
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1 ------PCR primer-------CG~AGGACTGTTGAAGCCTTCGGAGACCCTGTCCCTC 
A G L L K P S E ·r L S L 

60 

61 ACCTGCGCTGTCTATGGTGGGTCCTTCAGTGGTTACTACTGGAGCTGGATCCGCCAGCCT 120 
T C A V Y G ·G S F S G Y Y W S W I R Q. P 

<-----CDR1----) 

121 CCAGGGAAGGGGCTGGAGTGGATTGGGGAAATCAATCATAGTGGAAGGACCAA~TACAAC 180 
P G K G L E W I G E I N · H S G R T N Y N 

(-----------------------CDR2-----

181 CCGTCC~TCAAGACTCGAGTCACCATATCAGTAGACACGTCCAAGAACCAGTTCTCCCTG 249 
P S L K T R V T I S V D T S K N Q F S L 
- ·------------> 

241 AAGCTGAGTTCTGTGACCGCCGCGGACACGGCTG TG TATTACTG TGCG.AGACTG TGGCTC 301) 
K L S S V T A A D T A V Y Y C A R L W L 

.::--------

3(t 1 GATGGACATGGGTACf'tAGTTTGACTACTGGGGCCAGGG{-'IACCCT---.r:-c.r;: p 1:.i met·---·- 360 
0 . G H G Y 1,: F D Y l>J G O G T L. 

------CDR3-- -------------> 

•. 
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1 CAGGTGCATCTACAGCAGTGGGGCACAGGGCTGTTGAnGCCTTCGGAGACCCTGTCCCTC 60 
0 V H L D O \•J G T G L L to:: F· S E T L S L 

61 ACCTGCGCTGTCCATGGTGGGTCCTTCAATGTTTACTAtTGGACCTGGATCCGCCAGCCC 120 
T C A V H G G S F N V Y Y W T W I ~ Q P 

<-----CDRl--~-> 

121 CCAGGAAAGGCGCTGGAGTGGATTGGGGAAATCAATCATAGTGGAGGCGCCAACTACAAT 
F' G I=~ A L E ~J I G E I N H S G G A N Y N 

<------------·----------CDR2-----

181 CCGTCCCTCAAGAGTCGAGTCACCATGTCAGCAGACACGTCCAAGAACCAGTTCTCCCTG 
P S L K S R V T M S A D T S K N .O F S L 
-------------->· 

241 AAACTGACCTCTGTGACCGCCGCGGACACGGCTGTGTTTTATTGTGCGAGAGGCCGGTCC 
K: L T. S V T A A D T A V F i C A R G R S 

:::---------

180 

240 

3(10 

301 CGTTATAGTGGTTACGGCTTCTACTCCGGCATGGACGlCTGGGGCCCAGGGACCACGGTC 360 
R Y S G Y G F Y S G · M D V W G r G T T V 
---------------COR3---- --------------> 

361 ACCGTCTCCTCA 372 
T V S S 
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1 CAGGTGCAGCTACAGCAGTGGGGCGCAGGACTGTTGAAGCCTTCGGAGACCCTGTCCCTC 60 
Q \' Q L D O W G (-. G L L 1,:: r· S E T L S L 

61 ACClGCGCTGTCTATGGTGGGTCCTTCAGTGGTTACTAtTGGAACTGGATCCGCCAGCCC 120 
.T C A V V G G S F S G Y Y W N W I R Q P 

(-----CORI----> 

121 CCAGGGAAGGGGCTGGAGTGGATTGGGGAAATCATTCATAGTGGAAGCACCAACTACAAC 
F' G K G L E ~J I G E I I H S G S T N Y N. 

"~.------- .-·----e-------- ...... -CDf(2-- .--

181 CCGTCCCTCAAGAGTCGAGTCACCATGTCAGTAGACACGTCCAAGAACCAGTTCTCCCTG 
P S L K S R V T M S V D l S ·1{ M O F S L 
·-·- .-------.. ----)· 

241 AAGCTGAGCTCTGTGACCGCtGCGGACACGGCTGTGTATTACTGTGCGAGAGGCTTAGAA 
K L S S V · T A A D T A V Y . Y C A R G L E 

.::----- ' 

. . 

180 

240 

300 

301 CGTCCGATTAGGAACCAGCTGCTAAACCGTCTCGGTTnCTACATGGACGTCTGGGGCAAA 360 
R P I R N Q L L N ~R L G V V M D V W G K 
---- -----------CDFi:3--------·------·--·---·--·-·--.. ····--···-··.---::, 

361 GGGACCACGGTCACCGTCTCCTCA 38q 
G T T V T V S G 

":IJ 
0 
3: 
l 
t--' 

<: OQ 
:x: ........... 

. ~. 
~~ 
,0 
c:: 
t1J 

~ 
t1J 

~ 
l,O -..... = 
~ 
N 

"ti q 
..... 
t"1 

l 
~ 
~ 

BIOEPIS EX. 1002 
Page 2418



(f) 
C 
ro 
u, 
-I 
-I 
C 
-I 
m 
CJ) 
:c 
m . !!I 

1 CAGGTGCAGCTACAGCAGTGGGGCGCAGGACTGTTGAAGCCTTCGGAGACCCTGTCCCTC 
Q V Q L . 0 Q W G A G L L K P S E T L S L 

60 

61 ACCTGCGCTGTCTATGGTGGGTCCTTCAGTGGTTACTACTGGAGCTGGATCCGCCAGCCC 120 
T C A V Y G G S F S G Y Y W S W I R Q P 

<-----CDRl----> 

121 

191 

241 

CCAGGGAAGGGGCTGGAGTGGATTGGGGAAATCAGTCGTCGTGGAAGCACCAACTACAAC 
P G K G L E W I G E I S R R G S T N V N 

<----------------- ~----CDR2-----
~ . 

CCGTCCCTCAAGAGTCGAGTCGCCATATCAGTAGACACGTCCAAGAACCAGTTCTCCCTG 
P S L K S R V A I S V D T S K N O F S L ______ ,. ________ )· 

~ 

AAGGTGAGGTCTGTGACCGCCGCGGACACGGCTGTGTATTACTGTGCGAGAGCCTTGGAC 
K V R S V T A A D T A V Y Y C A R A L D 

./ --·------

301 TACATCTCCTTGGATTACGGTATGGACGTCTGGGGCCAAGGGACCACGGTCACCGTCTCC 
Y I S L D Y G M D V W G Q G T T V T V 0 
---------CDR3----------------) 

361 Tr.A 363 
s 

180 

240 

300 

360 

.,, 
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1 ------PCR primer-------GGGAGGCGTGGTCCAGCCTGGGAGGTTCCTGAGACTC 
G G V V O P G R F L R L 

60 

61 TCCTGTGCAGCGTCTGGATTCACCTTCAGTAGCTATGGCATGCACTGGGTCCGCCAGGCT 120 
S C A A S G F T F S ~ Y G M H W V R ·o A 

<-----CDR1----> 

121 CCAGGGAAGGGGCTGGAGTGGGTGGCACTTATATGGTATGATGGAAGTAATAAA~AAJAT 180 
f-· G I:: G L E llJ V A L I l•J Y D G S N V E Y 

<-----------------------CDR2-----

181 GCAGACTTCGTGAAGGGCCGATTCACCATCTCCAGAGACAATTCCAAGAATACACTGTAT 240 
A D F 1,/ . 10: G R F T I 8 R . D .M S I( M T . L Y. 

-----------------) 

241 CTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCGACAGATAGT 300 
L Q M N S ~ R A E ti T A 0 Y Y C A T D ~ 

·(-----

301 CCCA{\Af.ffGAGGGCTGGAAGTATG TTTf'.:r:;S"!" ,'iC:: ;'/"'.T,"CA Tf:,GACGTCTGGGGCAAAGGG 
P K .H ~ A G 8 M. F R Y Y. Y M D V W G. K G 
-------------------CDR3------------------------> 

361 ACCAC---PCR primer--- 381 
T 

360 

!XI 
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------PCR primer-------GGGAGGCTTAGi"TCAGCCTGGGGGGTCCCTGAGACTC 
G G L V Q P G .G S L R L 

60 

61 TCCTGTGCAGCCTCTGGATTCACCTTCAGTAGTTACTGGATGCACTGGGTCCGCCAAGCT 120 
S C A A S G F T F S S Y W M H. W V R O A 

<-----CORI----> 

121 CCAGGGAAGGGGCTGGTGTGGGTCTCACGTATTAATAGTTATGGAATTAGCACAAGTTAC 180 
P G K G L V W V S R I N S V G I S · T S Y 

<---------------------.".V""CDR2··----

181 GCGAACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAACGCCAAGAA,CACGCTGTAT 240 
A N S V •( G R F T I S R D . N A k N T . L Y 
---~---~---------> ~ 

241 CTGCAAATGAACACTCTGAGnEc:GHGG~CACGG=rs;GTATTACTGTGCAAGAGGAGAG 300 
L Q M N T L R A E D T A V Y Y C A R G E 

<---~--

301 CGC~TAGCAGCTCGTCTCTTGTCGGGCGGGTACGGTATGGACGTCTGGGGCCAAGGGACC 
R I A A R L L S G G Y G M D V W G, Q -G T 
----------.-------CDR3----------------------> 

361 AC---PCR primer--- ·379 

360 
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------PCR primer-------GGGAGGCGTGGTCCAGCCTGGGAGGTCCCTGAGACTC 
G G V V Q P G R S L R L 

6(1 

61 TCCTGTGCAGCGTCTGGATTCACCTTTAGTAGCTATGGCATGCACTGGGTCCGCCAGGCT 120 
S C A A S G F T F S S Y G M H W V R O A 

<-----CDRl----> 

121 CCAGGCAAGGGGCTGGAGTGGGTGGCAGTGATATGGTATGATGGAAGTAATAAGTACTAT 
P G K G L E W V A V I W . Y D G S N K Y Y 

<-----------------------CDR2-----

181 GCAGAG:r·CCG TGAAGGGr:CGP. TTCi)iCCATCTCCAG:'·,uH...::11ATT CCAAGAACACGCTG TAT 
A E S IJ I< G R F T I S . r,: D N S I< N T L Y 

-----------------> 

241 CTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCGAGAGTCGTT 
L O M N S L R. A E D T A V Y Y C A R V V 

<-----

301 AGCAGCAACCGGTACTCTCTAAGCTACTATTATTACTACATGGACGTCTGGGGCAAAGGG 
S S N R Y S L S Y Y Y V Y M D V W G K G 
------------------CDR3-------------------------j· 

361 ACCAC---pcr.: pl"imer--- 381 
T 

180 

240 

300 

360 
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1 ------PCR primer-------GGGAGGCGTGGTCCAGCCTGGGAGGTCCCTGAGACTC 
G G V V O P G R S L R L 

60 

61 TCCTGTGCAGCG TCTGGATTCACCTTCAAT AP, TT (l TGGCATGCf.,CTGGG TCCGCCAGGCT 1 ·20 
S C A A S G F T .F N N ~ G M M W V R Q A 

<·-----CDRl----> 

121 CCAGGCAAGGGGCTGGAGTGGGTGGC~GTTAT~T~~TATGATGGAAGTAATAAAAACTAT 180 
r G K G L E W V A V I W Y ~ . G S N K N Y 

(-----------------------CDR2-----

181 GCAGACTCCGTGAAGGGGCGATTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTAT 240 
A D S V K G R F T I S R D N S K ·N T L Y 
-----------------> 

24 1 CTGCAAATGAACAGCCTGAGAGCCGAGG(1CACGGCTGTG TATTACTG TGCGAGAGAACG T 300 
L . b M . N S L R A E D T A V ~ Y C A R E R 

'I,.- - -

301 ACTACGATGTCTGGAGTGATCATTCCTCGCCGGTATTTTGACTACTGGGGCCAGGGAACC 
T T M S G V I I P R ·R Y F D Y W G Q G T 
--------~---------CDR3-------··--------------} 

361 CG---PCR primer--- 378 
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1 ------PCR primer-------GGGRGGCGTGGTCCAGCCTGGGAGGTCCCTGAGACTC 
G G V V Q P G R S L R ~ 

60 

61 TCCTGTGCAGCGTCTGGATTCACCTTCAGTAGr.TATGGCATGCACTGGGTCCGCCAGGCT 120 
E C A A S G r i ~ S S Y b M H W V R D A 

<-----CDRl----> 

121 CCAGGCAAGGGGCTGGAGTGGGTGGCAGTTATTTGGTATGATGGAAGTAATAAATACTAT 180 
P G K G L E W V A V I W Y D ·5 S · N K V Y 

(-----------------------CDR2-----

181 GCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTAT 246 
A D S V K G R F T I · S R D N S I( N T L Y 
- -------- ------> 

241 CTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCGAGAGAAGTT 300 
L Q M N S L R A E D T A V Y Y C A R E V 

(~-----

301 ACTATGGTTCGGGGAGTTAGGCGTTACTACGGTATGGACGTCTGGGGCCCAGGGACCAC
T M V R G V R R Y Y G M D V W S P G T 
---------------CDR3----------------------> 

361 --PCR primer--- 375 
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HUMANIZED ANTIBODIES REACTIVE WITH CDlS 

Field of the Invention 

The present invention relates generally to the 

combination of recombinant DNA and monoclonal antibody 

technologies for developing novel biologics and, more 

particularly, for example, to the production of non-

10 immunogenic (in humans) immunoglobulins specific for the CD18 

protein and their uses in vitro and in vivo. 

15 

Background of the Invention 

The ability of cells to adhere to one another plays 

a critical role in development, normal physiology, and 

disease processes. This ability is·mediated by adhesion 

molecules, generally glycoproteins, expressed on cell 

membranes. Often, an adhesion molecule on one cell type will 

bind to another adhesion molecule. expressed on a different 
20 cell type, forming a receptor counter-receptor pair. Three 

very important classes of adhesion molecules are the 

integrins, selectins, and immunoglobulin (lg) superfamily 

members {see Springer, Nature .J..!§., 425 (1990); Osborn, Cell 

~. 3 (1990); Hynes, Cell 69, 11 (1992), all of which are 
25 incorporated herein by reference). These molecules are 

especially vital to the interaction of leukocytes and 

platelets with themselves and with the extracellular matrix 

and vascular endothelium. 

Integrins are heterodimeric transmembrane 

30 glycoproteins consisting of an a chain (120-180 kD) and a /3 
chain (90-110 kD), generally having short cytoplasmic 

domains. The a subunits all share sequence homology and 

motifs with each other, as do the /3 subunits. The three 

known integrins containing the /3 subunit designated (32 are 

35 important to the function of T cells, neutrophils and 

monocytes. LFA~l (aL/32} is widely distributed on lymphocytes, 
granulocytes and monocytes. Its counter-receptor is ICAM-1 

(and perhaps of lesser importance, ICAM-2) an Ig family 

molecule which is expressed on many cells including 
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leukocytes and is up-regulated on vascuiar endothelium by 

cytokines such as .TNF and IL-1. Blocking LFA-1 on T cells 

with antibodies to either the a or~ subunit strongly 

inhibits adhesion~dependent functions such as CTL-mediated 

5 lysis of target cells. Mac-1 (aM~2) is distributed on 

neutrophils and monocytes, and its counter-receptor is also 

ICAM-1 (and possibly ICAM-2). Among other things, Mac-1 is 

the type 3 complement receptor (CRJ) and binds the C3bi 
fragment. The third ~2 integrin, PlS0,95 (ax~2}, is also 

10 found on neutrophils and monocytes, but seems of less 

importance. The a subunits of LFA-1, Mac-1 and PlS0,95 are 

also given the respective CD designations CD11a, CD11b and 

CDllc, while ~2 is also denoted CD18, so that LFA-1 is 

CD1la/C018 and Mac-1 is CD11b/CD18. 

15 There are three known selectins, which were 

previously known as LECCAMs, and are now designated L

selectin (also called LECAM-1, Mel-14 or LAM-1), E-selectin 

(also called ELAM-1) and P-selectin (also called GMP140 or 

PADGEM). They have all been sequenced at the cDNA level and 

20 share sequence homology and motifs, including a lectin-like 

domain. L-selectin has a dual role: it is a homing receptor 

on T cells·for the high endothelial venules of peripheral 

lymph nodes, and it is an adhesion molecule on neutrophils 

for endothelium (Hallmann et al·., Biochem. Biophys. Res. 

25 Commun. 174, 236 (1991), which is incorporated herein by 

reference). E-selectin and P-selectin are both induced on 

endothelium by cytokines, although with different kinetics. 

L-selectin is a counter-receptor on neutrophils for both E

selectin and P-selectin (Picker et al., Cell 66, 921 (1991), 

30 which is incorporated here1n by reference), although all 

three selectins probably have other counter-receptors as 

well. In particular, E-selectin binds the carbohydrate group 

sialyl Lewis x (sLex) (Lowe et al., Cell 63, 475 (1990)), 

which is incorporated herein by reference), and while this 

35 carbohydrate is prominently presented on L-selectin (Picker 

et al., Cell 66, 921 (1991)), it may occur on other proteins 

as well. E-selectin is expressed especially in cutaneous 

sites of inflammation and also serves as an adhesion molecule 
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for skin-homing T cells that .may contribute to the 
inflammation (Picker et al. Nature 349, 796 (1991}, which is 

incorporated herein by reference). 
In various assays, antibodies to CD1la, CDllb, 

5 CD18, L-selectin and E-selectin all block binding of 

neutrophils to activated endothelial cells t~ a lessor or 

greater degree, but the most complete inhibition is generally 

achieved by the combination of an antibody to CD18 and an 

antibody to L~ or E-selectin (~ e.g., Luscinskas, J. 
10 Immunol. 142, 2257 (1989), which is incorporated herein by 

referenc.e). A recent but now widely accep.ted model accounts 

for these facts with a three step process of adhesion 
(Butcher, Cell 67, 1033 (1991), which is incorporated herein 

by reference). In the first step, neutrophils reversibly 

15 bind to inflamed vascular endothelium via the selectins, 

which bind well under conditions of flow, causing the 

neutrophils to literally roll along the vascular wall. The 
neutrophils are then activated by a variety of stimulants 

surrounding or released by the endothelium, including IL-8, 
20 PAF and C5a. The activated neutrophils shed L-selectin and 

up-regulate Mac-1. In the final step, binding of Mac-1 to 

ICAM-1 and perhaps other counter-receptors on the endothelial 
cells allows stable adhesion and extravasation through the 
endothelium. 

25 Although important for eliminating infection, 

neutrophils are now believed to be a major cause of tissue 

damage during inflammation by binding to vascular endothelium 
and migrating through it into tissues {Harlan, Acta. Med. 

scand. Suppl. 715, 123 (1987), which is incorporated herein 
30 by reference). The neutrophils release proteases and toxic, 

reactive oxygen metabolites which damage endothelium as well 
as other tissues. In principle, antibodies or other 

antagonists of the integrin and selectin adhesion molecules 
could abort this process, by preventing neutrophils from 

35 binding to endothelium and from extravasating into tissues. 
Hence such antibodies could be used to treat a great many 

different disease conditions of which inflammation is an 
important component. 
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For example, in animal models anti-CD18 antibodies, 

which bind to both LFA-1 and Mac-1, have been especially 

useful in reducing ischemia-reperfusion injury (see, e.g., 

Vedder et al., J. Clin. Invest. 81, 939 (1988); Ved~er et 

5 al., Proc. Natl. Acad. Sci. USA 87, 2643 (1990); U.S. Patent 

No. 4,797,277). They also reduce neutrophil~mediated damage 

in the lung in response to various insults (Doerschuk et al., 

J. Immunol. 144, 2327 (1990) and Mulligan et al., J. Immunol. 

148, 1847 (1992)), including gram-negative sepsis (Walsh et 

10 al., Surgery 110, 205 {1991)). In a rabbit model, anti-CD18 

a~tibodies also ·protect from lethality due to meningitis 

(Tuomanen et al., J. Exp. Med. 170, 959 (1990)). They may 

also be useful in preventing or treating organ.transplant 

rejection because they block T-cell function. 

15 For example, injection of antibodies to L-selec~in 

or E-selectin into rodents suppressed neutrophil accumulation 

within inflamed peritoneum (Jutila et al. J. Immunol. 143, 

3318 (1989) and Mulligan et al., J. Clin. Invest. 88, 1396 

(1991)). Intravital video microscopy was used to show that 

.20 an anti-L-selectin antibody strongly inhibits rolling of 

leukocytes along the vascular wall endothelium of mesenteric 

venules. exteriorized from rabbits (von Andrian et al., Proc. 

Natl.. Acad. Sci. USA 88, 7538 (1991)). An anti-E-selectin 

antibody greatly reduced vascular injury induced by immune 

25 complex deposition in the skin or lungs of rats, and 

substantialiy reduced neutrophil accumulation at those sites 

(Mulligen et al., J. Clin. Invest. 88, 1396 (1991)). Also, 

in a primate model of extrinsic asthma, an anti-E-selectin 

antibody greatly reducedneutrophil influx into the lung and 

30 associated late-phase airway obstruction after antigen 

inhalation (Gundel et al., J. Clin. Invest. 88, 1407 (1991)). 

The antibody NA-8 has been developed that binds to 

human CD18 as disclosed herein. This antibody partially or 

completely blocks the binding of human neutrophils to 

35 stimulated human umbilical vein endothelial cells. Because 

of its ability to block binding of neutrophils to endothelial 

cells, this antibody could be used to treat inflammatory 

disease conditions (see above). 
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Unfortunately, the. use of non-human monoclonal 

antibodies such as NA-8 have certain drawbacks in human 

treatment, particularly in repeated therapeutic regimens as 

explained below. Mouse monoclonal antibodies, for example, 

5 have a relatively short circulating half-life, and lack other 

important immunoglobulin functional characteristics when used 

in humans. 
Perhaps more importantly, non-human monoclonal 

antibodies contain substantial stretches of amino acid 

10 sequences that will be immunogenic when injected into a human 
patient. Numerous studies have shown that, after injection 

of a foreign antibody, the immune response elicited by a 

patient against an antibody can be quite strong, essentially 

eliminating the antibody 1 s therapeutic utility after an 

15 initial treatment. Moreover, as increasing numbers of 

different mouse or other antigenic {to humans) monoclonal 

antibodies can be expected to be developed to treat various 

diseases, after the first or several treatments with any 

different non-human antibodies, subsequent treatments even 
20 for unrelated therapies can be ineffective or even dangerous 

in themselves, because of cross-reactivity. 
While the production of so-called "chimeric 

antibodies" (~, mouse variable regions joined to human 
constant regions) has proven somewhat successful, a 

25 significant immunogenicity problem remains. In general, the 
production of human immunoglobulins reactive with CD1S 
antigen, as with many antigens, would be extremely difficult 
using typical human·monoclonal antibody production 

techniques. Similarly, utilizing recombinant DNA technology 

30 to produce so-called "humanized" or "reshaped*' antibodies 

(.§gg, ~, Riechmann et al., Nature J.JZ, 323 (1988) and EPO 

Publication No. 0239400, which are incorporated herein by 
reference), provides uncertain results, in part due to 

unpredictable binding affinities of the resultant 
35 immunoglobulins. 

Thus, there is a need for improved forms of 

humanized immunoglobulins specific for CDlB antigen that are 
substantially non-immunogenic in humans, yet easily and 
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economically produced in a manner suitable for therapeutic 
formulation and other uses. The present invention fulfills 

these and other needs. 

Summary of the Invention 

The present invention provides novel compositions 

useful, for example, in the treatment of inflammatory human 

disorders, the compositions containing mouse or humanized 

immunoglobulins specifically capable of binding to CDlS. The 
10 immunoglobulins can have two pairs of light chain/heavy chain 

complexes, at least one chain comprising one or more mouse 
complementarity determining regions functionally joined to 
human framework region segments. For example, mouse 
complementarity determining regions, with or without 

15 additional naturally-associated mouse amino acid residues, 
can be introduced into human framework regions to produce 

humanized immunoglobulins capable of binding to the CD18 at 
affinity levels stronger than about 107 M-1 • These humanized 

immunoglobulins will also be capable of blocking the binding 
20 of the CDR-donating mouse monoclonal antibody to CD18. 

The immunoglobulins, including binding fragments 

and other deriva~ives thereof, of the present invention may 
be produced readily by a variety of recombinant DNA 
techniques, with ultimate expression in transfected cells, 

25 preferably immortalized eukaryotic cells, such as myeloma or 

hybridoma cells. Polynucleotides comprising a first sequence 
coding for humanized immunoglobulin framework regions and a 
second sequence set coding for the desired immunoglobulin 
complementarity determining regions can be produced 

30 synthetically or by combining appropriate cDNA and genomic 

DNA segments. 

The humanized immunoglobulins may be utilized alone 
in substantially pure form, or together with a 

chemotherapeutic agent such as a non-steroidal anti-

35 inflammatory drug, a corticosteroid, or an immunosuppressant. 

All of these compounds will be particularly useful·fn 

treating inflammatory disorders. The humanized 

immunoglobulins or their complexes can be prepared in a 
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pharmaceutically acceptable dosage form, which will vary 

depending on the mode of administration. 

BRIEF DESCRIPTION OF THE FIGURES 

s Fig. 1. Sequences of the cDNA and translated amino 

acid sequences of the light chain (A) [SEQ. ID NOS:l and 2) 

and heavy chain (B) (SEQ. ID NOS:3 and 4) variable regions of 

the NA-8 antibody. The mature light chain begins with amino 

acid 21 D, and the mature heavy chain begins with amino acid 

10 20 Q, preceded by the respective signal sequences. 

Fig. 2. Amino acid sequences of the mature light 

chain (A) [SEQ. ID N0:5) and heavy chain (B, (SEQ. ID N0:6) C 

[SEQ. ID N0:7)) variable regions of the mouse NA-8 antibody 

(upper lines) and humanized NA-8 antibody (B; lower lines) 

15 and humanized NA-Sa antibody .(C, lower lines). The three 

CDRs in each chain are underlined. Residues in the framework 

that have been replaced with mouse amino acids or typical 

human amino acids in the humanized antibody are double 

underlined. 

20 Fig. 3. Nucleotide sequences of the genes encoding 

the light chain (A) (SEQ. ID NOS:a and 9) and heavy chain (B) 

(SEQ. ID NOS:10 and 11) variable regions of the humanized NA

B antibody, beginning and ending with the Xbal sites, and 

translated amino acid sequences·, including signal sequences. 

25 Fig. 4. Competitive binding of mouse and humanized 

IgGl and IgG4 NA-8 antibodies. The target cells were THP-1 

cells, a human monocytic line that expresses human CD18 (ATCC 

TIB 202). 2 x 105 cells were incubated with 3 ng of 125r
labeled tracer mouse antibody (2 µCi/µg), together with 

30 increasing amounts of mouse or humanized competitor antibody 

as indicated in 0.2 ml of binding buffer (PBS+ 2% FBS + 0.1% 

azide) for 1 hr at 4°C. Cells were washed and pelleted, and 

their bound radioactivity measured.· The concentrations of 

bound and free tracer antibody were calculated. 

35 Fig. 5. Binding of human neutrophils to IL-1 

stimulated human umbilical cord endothelial cells (HUVEC). 

The neutrophils were first treated with irrelevant control 
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antibody, mouse NA-8 antibodr, or humanized IgGl NA-8 

an~ibodi, as indicated. 

Definitions 

Unless defined otherwise, all technical and 

scientific terms used herein have the same meaning as 

commonly understood by one of ordinary skill in the art to 
which this invention belongs. Although any methods and 
materials similar or equivalent to .those described herein can 

10 be used in the practice or testing of the present invention, 
the preferred methods and materials are described. For 
purposes of the present invention, the following terms are 

defined below. 

The term "naturally-occurring" as used herein as 

15 applied to an object refers to the fact that an object can be 
found in nature. For example, a polypeptide or 
polynucleotide sequence that is present in an organism 
(including viruses) that can be isolated from a source in 
nature and which has not been intentionally modified by man 

20 in the laboratory is naturally-occurring. 
As used herein, "substantially pure" means an 

ooject species is the predominant species present (i.e., on a 
molar basis it is more abundant than any other individual 
species in the composition), and preferably a substantially 

25 purified fraction is a composition wherein the object species 
comprises at least about 50 percent (on a molar basis) of all 
macromolecular species present. Generally, a substantially 
pure composition will comprise more than about so to 90 
percent of all macromolecular species present in the 

30 composition. Most preferably, the object species is purified 

to essential homogeneity (contaminant species cannot be 
detected in the composition by convent.ional detection 
methods) wherein the composition consists essentially of a 
single macromolecular species. 

35 As used herein, the terms "label" or "labeled" 
refers to incorporation of a detectable marker, !t.:S.o., by 
incorporation of a radiolabeled amino acid or attachment to a 
polypeptide of biotinyl moieties that can be detected by 
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marked avidin (e.g., strepta~idin containing a fluorescent 
marker or enzymatic activity that can be detected by optical 

or colorimetric methods). Various methods of labeling 

polypeptides and glycoproteins are known in the art and may 

5 be used. Examples of labels for polypeptides include, but 

are not limited to, .the following: radioisotopes (e.g., 3H,. 
14c, 32p, 355 1 12sI, 131I), fluorescent labels (e.g., FITC, 

rhodamine, lanthanide phosphors), enzymatic labels (e.g., 

horseradish peroxidase, ~-galactosidase, luciferase, alkaline 
10 phosphatase), biotinyl groups, predetermined polypeptide 

epitopes recognized by a secondary reporter (e.g., leucine 

zipper pair sequences, binding sites for secondary 

antibodies, metal binding domains, epitope tags). In some 

embodiments, labels are attached by spacer arms of various 

15 lengths to reduce potential steric hindrance. 

DETAILED DESCRIPTION OF THE INVENTION 
Generally, the nomenclature used hereafter and the 

20 laboratory procedures in cell culture, molecular genetics, 
and nucleic acid chemistry and hybridization described below 

are those well known and commonly employed in the art. 
Standard techniques are used for recombinant nucleic acid 
methods, polynucleotide synthesis, cell culture, and 

25 transgene incorporation (e.g., electroporation, 

microirtjection; lipofection). Generally enzymatic reactions, 
oligonucleotide synthesis, and purification steps are. 
performed according to the manufacturer's specifications. 
The techniques and procedures are generally performed 

30 according to conventional methods in.the art and various 
general references which are provided throughout this 
document. The procedures therein are believed to be well 

known in the art and are provided for the convenience of the 
reader. All the information contained therein is 

35 incorporated herein by reference. 

In accordance with the present invention, mouse or 
humanized immunoglobulins specifically reactive with CDlS 
related-epitopes are provided. These immunoglobulins, which 
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have binding affinities to CD18 under suitable binding 
conditions (e.g., physiological serum conditions) of at leas~ 
about 10 7 M-1 , and preferably 108 M-1 to 1010 M-1 or stronger, 

are capable of,~' binding to CD18-expressing cells, such 

5 as neutrophils. The humanized immunoglobulins will have a 

human framework and will have one or more complementarity 

determining regions (CDRs) from an immunoglobulin, typically 

a mouse immunoglobulin, specifically reactive with CD18. In 

a preferred embodiment, one or more of the CDRs will come 
10 from the NA-8 antibody, and the humanized inmiunoglobulin will 

.be of the IgGl or IgG4 isotype. Thus, the immunoglobulins of 

the present invention, which can be produced economically in 

large quantities, find use, for example, in the treatment of 
adhesion-related pathological conditions (e.g., inflammatory 

15 disorders) in human patients by a variety of techniques. 
The basic antibody structural unit is known to 

comprise a tetramer •. Each tetramer is composed of two iden
tical pairs of polypeptide chains, each pair having one 
"light" (about 25kD) and one "heavy" chain (about 50-70kD). 

20 The NH2-terminus of each chain begins a variable region of 

about 100 to 110 or more amino acids primarily responsible 

for antigen recognition. The cooH·part of each chain defines 
·a constant region primarily responsible for effector 
function. 

25 Light chains are classified as either kappa or 

lambda. Heavy chains are classified as gamma, mu, alpha, 
delta, or epsilon, and define the antibody 1 s isotype as IgG, 

IgM, IgA, IgD and IgE, respectively. Within light and heavy 
chains, the variable and constant regions are joined by a "J" 

30 region of about 12 or more amino acids, with the heavy chain 
also including a "D" region of about 10 more amino acids. 

(§gg, generally, Fundamental Immunology, Paul, w., Ed., 
Chapter 7, pgs. 131-166, Raven Press, N.Y. (1984), which is 
in9orporated herein by reference.) 

35 The variable regions of each light/heavy chain pair 
form· the antibody binding site. The chains all exhibit the 

same general structure of relatively conserved framework 

regions joined by three ~ypervariable regions, also called. 
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Complementarity Determining ~egions or CDRs (see, "Sequences 
of Proteins of Immunological Interest, 11 Kabat, E., et al., 
U.S. Department of Health and Human Services, (1987); and 

Chothia and Lesk, J. Mol. Biol., 196; 901-917 (1987), which 

5 are incorporated herein by reference). The CDRs from the two 

chains of each pair are aligned by the framework regions, 

enabling binding to a specific epitope. 
As used herein, the term 11 immunoglobulin 11 refers to 

a protein consisting of one or more polypeptides 
10 substantially encoded by immunoglobulin genes. The 

recognized immunoglobulin genes include the kappa, lambda, 

.alpha, gamma, delta, epsilon and mu constant region genes, as 

well as the myriad immunoglobulin variable region genes. The 

immunoglobulins may exist in a variety of forms besides 

15 antibodies; including, for example, Fv, Fab, and (Fab') 2 as 
well as bifunctional hybrid antibodies (e.g., Lanzavecchia 

20 

et al., Eur. J.· Immunol. 17, 105 (1987)) and in single chains 

(~, Huston et al., Proc. Natl. Acad. Sci. U.S.A., BS, 

5879-5883 (1988) and Bird et al., Science, 1.!6., 423-426 
(1988), which are incorporated herein by !eference). (See, 

generally, Hood et al., Immunology, Benjamin, N.Y., 2nd ed. 
(1984), Harlow and Lane, Antibodies. A Laboratory Manual, 
Cold Spring Harbor Laboratory (1988) and Hunkapiller and 
Hood, Nature, 323, 15-16 (1986h which are incorporated 

25 herein by reference). 

It is weli known that native forms of "mature" 
immunoglobulins will vary somewhat in terms of length by 
deletions, substitutions, insertions or additions of one or 

more amino acids in the sequences. Thus, both the variable 

30 and constant regions are subject to substantial natural 

modification, yet are "substantially identical" and still 

capable of retaining their respective activities. Human 

constant region and rearranged variable region DNA sequences 

can be isolated in accordance with well known procedures from 
35 a variety of human cells, but preferably immortalized B

cells. Similar methods can be used to isolate nonhuman 
immunoglobulin sequences from non-human sources. suitable 

source cells for the DNA sequences and host cells for 
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expression and secretion can be obtained from a number of 
sources, such as the American Type Culture Collection 
("Catalogue of Cell Lines and Hybridomas," Fifth edition 

(1985) Rockville, Maryland, U.S.A., which is incorporated 

5 herein by reference). 

In addition to these naturally-occurring forms of 

immunoglobulin chains, "substantially identical" modified 

heavy and light chains can be readily designed and 

manufactured utilizing various recombinant DNA techniques 
10 well known to those skilled in the art. For example, the 

chains can vary from the naturally-occurring sequence at the 

primary structure level by several amino acid substitutions, 

terminal and intermediate additions and deletions, and the 
like. Alternatively, polypeptide fragments comprising only a 

15 portion of the primary structure may be produced, which 
fragments possess one or more immunoglobulin·activities 
(~, binding activity). In particular, it is noted that 
like many genes, the immunoglobulin-related genes contain 

· separate functional regions, each having one or more distinct 
20 biological activities. In general, modifications of the 

genes encoding the desired epitope binding components may be 
readily accomplished by a variety of well-known techniques, 

such as site-directed mutagenesis (§fil!, Gillman and Smith, 
Gene 8:81-97 (1979) and Roberts, s. et al., Nature 328:731-

25 734 (1987), both of which are incorporated herein by 

reference). In preferred embodiments of the invention, the 
epitope binding component is encoded by immunoglobulin genes 
that are "chimeric" or "humanized" (see, generally, Co and 
Queen (1991) Nature 351:501, which is incorporated herein by 

30 reference). Generally, the humanized antibodies of the 

invetion will comprise heavy chain variable region sequences 

wherein the sequence of the humanized immunoglobulin heavy 
chain variable region framework is more than 65% identical 

but less than 95% identical to the sequence of the donor 
35 immunoglobulin heavy chain variable region framework, 

preferably the variable region framework is less than 10 % 

identical to the sequence of the donor immunoglobulin. 
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Chimeric antibodies are antibodies whose light and 
heavy chain genes have been constructed, typically by genetic 

engineering, from immunoglobulin.gene segments belonging to 

different species. For example, the variable (V) segments of 

5 the genes from a mouse monoclonal antibody may be joined to 

human constant (C) segments, such as 'Yi and -y4 • A typical 
therapeutic chimeric antibody is thus a hybrid protein 

consisting of the V or antigen-binding domain from a mouse 

antibody and the c .or effector domain from a human antibody, 

10 although other mammalian species may be used. 
As used herein, the term "framework region" refers 

to those portions of immunoglobulin light·and heavy chain 

variable regions that are relatively conserved (i.e., other 

than the CDRs) among different immunoglobulins in a single 

15 species, as defined by Kabat, et al., .QR, cit. As used 

herein, a "human framework region" is a framework region that 

is substantially identical (about 85% or more) to.the 
framework region of a naturally occurring human antibody. 

As use~ herein, the term "humanized immunoglobulin" 
20 refers to an immunoglobulin comprising a human framework, at 

least one CDR from a non~human antibody, and in which any 

constant region present is substantially identical to a human 
immunoglobulin constant region, i.e., at least about 85-90%, 
preferably at least 95% identical. Hence, all parts of a 

25 humanized immunoglobulin, except possibly the CDRs, are 

substantially identical to corresponding parts of one or more 
native human immunoglobulin sequences. For example, a 

humanized immunoglobulin would not encompass a chimeric mouse 

variable region/human constant region antibody. 
30 

35 

Humanized antibodies have at least three potential 
advantages over mouse and in some cases chimeric antibodies 
for use in human therapy: 

1) because the effector portion is human, 
it may interact better with the other 

parts of the human immune system (~, 

destroy the target cells more 

efficiently by complement-dependent 
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cytotoxicity (CDC) or antibody-dependent 
cellular cytotoxicity (ADCC)). 
The human immune system should not 

recognize the framework or c region of 

the humanized antibody as foreign, and 

therefore the antibody response against 

such an injected antibody should be less 

than against a totally foreign mouse 

antibody or a partially foreign chimeric 

antibody. 
Injected mouse antibodies have been· 

reported to have a half-life in the 

human circulation much shorter than the 

half-life of normal antibodies (Shaw, D. 

et al., J. Immunol. 138, 4534-4538 

{1987)). Injected humanized antibodies 
will presumably have a half-life more 
like that of naturally occurring human 
antibodies, allowing smaller and less 
frequent doses to be given. 
In one aspect, the present invention is directed to 

recombinant DNA segments encoding the heavy and/or light 
chain CDRs from an immunoglobulin capable of binding .to a 
desired epitope of CD18, such as monoclonal antibody NA-8. 

25 The DNA segments encoding these regions will typically be 

joined to DNA segments encoding appropriate human framework 

regions. Exemplary DNA sequences, which on expression code 

for the polypeptide.chains comprising the heavy and light 

chain CDRs of monoclonal antibody NA-8 are included in Fig. 
30 1. Due to codon degeneracy and non-critical amino-acid 

substitutions, othar DNA sequences can be readily substituted 

for those sequences, as detailed below. For a detailed 
description of the design and production of humanized 
immunoglobulins, ~, commonly assigned serial nos. 

35 07/290,975 and 07/310,252, filed December 28, 1988 and 
February 13, 1989, respectively, both of which are 
incorporated herein by reference. 
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The DNA segments will typically further include an 

expression control DNA sequence operably linked to the 

humanized inununoglobulin coding sequences, including 

naturally-associated or heterologous promoter regions. 

5 Preferably, the expression control sequences will be 

eukaryotic promoter systems in vectors capable of 

transforming or transfecting eukaryotic host cells, but 

control sequences for prokaryotic hosts may also be used. 
once the vector has been incorporated into the appropriate 

10 host, the host is maintained under conditions suitable for 
high level expression of the nucleotide sequences, and, as 
desired, the collection and purification of the light chains, 
heavy chains, light/heavy chain dimers or intact antibodies, 
binding fragments or other immunoglobulin forms may foilow. 

\ 
15 The nucleic acid seqµences of the present invention 

capable of ultimately expressing the desired humanized 

antibodies can be formed from a variety of different 

polynucleotides (genomic or cDNA, RNA, synthetic 

oligonucleotides, etc.) and components (~, V, J, D, and c 
20 regions), as well as by a variety of different techniques. 

Joining appropriate genomic and synthetic sequences is 
presently the most common method of production, but cDNA 

sequences may also be utilized (see,_ European Patent 
Publication No. 0239400 and Reichmann, L. et al., Nature 332, 

25 323-327 (1988), both of which are incorporated herein by 
reference) • 

Human constant region DNA sequences can be isolated 
in accordance with well known procedures from a variety of 

human cells, but preferably immortalized B-cells (~, Kabat 

30 QJ2, cit. and WP87/02671), The CDRs for producing the 

immunoglobulins of the present invention will be similarly 

derived from monoclonal antibodies capable of binding to CD18 

and produced in any convenient mammalian source, including, 
mic~, rats, rabbits, or other vertebrate capable of producing 

35 antibodies by well known methods. Suitable source cells for 
the DNA sequences and host cells for immunoglobulin 

expression and secretion can be obtained from a number of 
sources, such as the American Type culture Collection 

SUBSTITUTE SHEET (RULE 26} 

BIOEPIS EX. 1002 
Page 2444



WO 94/12214 PCT /US93/11611 

16 

(Catalogue of Cell Lines and Hybridomas, Fifth edition (1985) 

Rockville, Maryland, U.S.A.,.which is incorporated herein by 

reference). In preferred embodiments, the CDRs have 

sequences corresponding to the CDR sequences of NA-8, and may 

5 include degenerate nucleotide sequences encodin~ the 

corresponding CDR amino acid sequence(s) of NA-8. 

In addition to the humanized immunoglobulins 

specifically described herein, other "substantially 
homologous" modified immunoglobulins can be readily designed 

10 and manufactured utilizing various recombinant DNA techniques 
well known to those skilled in the art. For example, the 

framework regions can vary from the native sequences at the 

primary structure level by several amino acid substitutions, 

terminal and intermediate additions and deletions, and.the 

15 like. Moreover, a variety of different human framework 
regions may be used singly or in combination as a basis for 
the humanized immunoglobulins of the present invention. In 
general, modifications of the genes may be readily 
accomplished by a variety of well-known techniques, such as 

20 site-directed mutagenesis (see, Gillman and Smith, Gene~' 
81-97 (1979) and Roberts s. et al, Nature 328, 731-734 

(1987), both of which are incorporated herein by reference). 
Alternatively, polypeptide fragments comprising 

only a portion of the primary antibody structure may be 
25 produced, which fragments possess one or more immunoglobulin 

activities (~, binding activity). These polypeptide 
fragments may be produced by proteolytic cleavage of intact 

antibodies by methods well known in the art, or by inserting 

stop codons at the desired locations in the vectors pVk and 
30 pVgl-dhfr using site-directed mutagenesis, such as after CHl 

to produce Fab fragments or after the hinge region to produce 
(Fab') 2 fragments., Single chain antibodies may be produced 

by joining VL and VH with a DNA linker (see Huston et al., .QR 

cit., and Bird et al., op cit.). As one example, Fv or Fab 

35 fragments may be produced in E.coli according to the methods 

of Buchner and Rudolph (1991) Bio/Technology 2: 157-162 and 
Skerra et al. (1991) Bio/Technology 2: 273-277, incorporated 
herein by reference). Fv and Fab may also be produced by 
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expression of endoding.polynucleotides in eukaryotic, 

preferably mammalian, cells. Also because like many genes, 

the immunoglobulin-related genes contain separate functional 

regions, each having one or more distinct biological 

5 activities, the genes may be fused to functional regions from 

other genes (~, enzymes,~, commonly assigned u.s.s.N. 
132,387, filed Dec. 15, 1987, which is incorporated herein by 

reference) to produce fusion proteins (~, immunotoxins} 

having novel properties. 
10 Expression of the humanized immunoglobulin 

sequences in bacterial hosts may be used to advantage to 

select higher affinity humanized immunoglobulin sequences by 

mutagenizing the CDR regions and producing bacteriophage 

display libraries which may be screened for humanized 

15 immunoglobulin CDR variants which possess high affinity 

and/or high specificity binding to CD18. One potential 
advantage of such affinity sharpening is the generation of 

humanized immunoglobulin CDR variants which have improved 
binding affinity and/or reduced cross-reactivity with 

20 molecules other than CD18s. Methods for producing phage 

display libraries having immunoglobulin variable region 
sequences are provided in.the art, for example see cesareni 
(1992) FEBS Lett 307: 66-70; Swimmer et al. (1992) Proc. 
Natl, Acad. Sci. (U.S.A.) 89: 3756-60; Gram et al. (1992) 

25 Proc. ·Natl. Acad. sci. CU,S.A.) 89: 3576-80; Clackson et al. 
(1991) Nature~: 624-8; Scott and Smith (1990) Science 249: 

386-90; Garrard et al. {1991) Bio/Techniques 2: 1373-1377, 

which are incorporated herein by reference. The resultant 
affinity sharpened CDR variant humanized immunoglobulin 

30 sequences are subsequently expressed in a suitable host for 
efficient expression. 

As stated previously, the DNA sequences will be 
expressed in hosts after the sequences have been operably 
linked to (i.e., positioned to ensure the functioning of} an 

35 expression control sequence. These expression vectors are 

typically replicable in the host organisms either as episomes 
or as an integral part of the host chromosomal DNA. 

Commonly, expression vectors will contain selection markers, 
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~' tetracycline-resistance (tetR), G418-resistance (neoR), 
rnycophenolic acid-resistance (gpt), or HSV-tk, to permit 
detection of those cells transformed with the desired DNA· 

sequences (~, ~. U.S. Patent 4,704,362, ·which is 

5 incorporated herein by reference). 

10 

~- coli is one prokaryotic host useful particularly 

for cloning the DNA sequences of the present invention. 

Other microbial hosts suitable for use include bacilli, such 

as Bacillus subtilis, and other enterobacteriaceae, such as 
Salmonella, Serratia, and various Pseudomonas species. In 
these prokaryotic hosts, one can also make expression 
vectors, which will typically contain expression control 
sequences compatible with the host cell (~, an origin of 

replication). In addition, any number of a variety of well-

15 known promoters will be present, such as the lactose promoter 

system, a tryptophan (trp) promoter system, a beta-lactamase 
promoter system, or a .promoter system from phage lambda. The 

promoters will typically control expression, optionally with 
an operator sequence, and have ribosome binding site 

20 sequences and the like, for initiating and completing 
transcription and translation. 

Other microbes, such as yeast, may also be used for 
expression. Saccharomyces is a preferred host, with suitable 
vectors having expression control sequences, such as 

25 promoters, including 3-phosphoglycerate kinase or other 
glycolytic enzymes, and an origin of replication, termination 
sequences and the like as desired. 

Plants and plant cell cultures may be used for 
expression of the humanized immunoglobulins of the invention. 

30 (Larrick and Fry (1991) Hum. Antibodies Hybridomas 1..L!l: 
172-89; Benvenuto et al. (1991) Plant Mol. Biol. 17 C4): 
865-74~ Durin et al. (1990) Plant Mol. Biol. 15<2): 281-93; 
Hiatt et al. (1989) Nature 342: 76-8, incorporated herein by 

ref~rence). Preferable plant hosts include, for example: 

35 Arabidopsis, Nicotiana tabacum, Nicotiana rustica, and 

Solanum tuberosum. A preferred expression cassette for 

expressing polynucleotide sequences encoding the humanized 
anti-CD18 antibodies of the invention is the plasmid pMOG18 
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in which the inserted polynucleotide sequence encoding the 
humanized immunoglobulin chain is operably linked to a CaMV 

35S promoter with a duplicated enhancer; pMOGlS is used 

according to the method of Sijmons et al. (1990) 

Bio/Technology.§.: 217-221, incorporated herein by reference. 

Alternatively, a preferred embodiment for·the expression of 

humanized immunoglobulins in plants follows the methods of 

Hiatt et al. (1989) op.cit., with the substitution of 

polynucleotide sequences encoding the humanized anti-CD18 
10 antibodies of the invention for the immunoglobulin sequences 

used by Hiatt et .al. Agrobacterium tumifaciens T-DNA-based 

vectors may also be used for expressing humanized 

immunoglobulin sequences, preferably such vectors include a 

marker gene encoding spectinomycin-resistance or other 

15 selectable marker. 

Insect cell culture may also be used to produce the 

humanized immunoglobulins of the invention, typically using a 
baculovirus-based expression system. The humanized 

immunoglobulins may be produced by expressing polynucleotide 
20 sequences encoding the humanized immunoglobulins according to 

the methods of Putlitz et al. (1990) Bio/Technology~: 651-

654, incorporated herein by reference. The method of Putlitz 
et al. can be followed with the modification that 

polynucleo~ide sequences encoding the humanized anti-CDlS 

25 antibodies of the invention are inserted in place of the 

mouse monoclonal Ab 6A4 heavy chain and light chain cDNA 
sequences of Putlitz et al. 

In addition to microorganisms and plants, mammalian 
tissue cell culture may also be used to express and produce 

30 the polypeptides of the present invention (see, Winnacker, 

From Genes to Clones, VCH Publishers, N.Y., N.Y. (1987), 
which is incorporated herein by reference). Mammalian cells 

are actually preferred, because a number of suitable host 
ce1i lines capable of secreting intact immunoglobulins have 

35 been developed in the art, and include the CHO cell lines, 

various cos cell lines, HeLa cells, preferably myeloma cell· 

lines, etc, or transformed B-cells or hybridomas. Expression 

vectors for these cells can include expression control 
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sequences, such as an origin of re~lication, a promoter, an 
enhancer (Queen et al., Immunol. Rev . .[2., 49-68 (1986), which. 
is incorporated herein by reference), and necessary 

processing information sites, such as ribosome binding sites, 

RNA splice sites, polyadenylation sites, and transcriptional 

terminator sequences. Preferred expression control sequences 

are promoters derived from immunoglobulin genes, SV40, 

Adenovirus, Bovine Papilloma Virus, cytomegalovirus and the 

like. Generally, a selectable marker, such as a neoR · 

expression cassette, is included in the expression vector. 
Transgenes encoding a humanized immunoglobulin of 

the invention may be used to generate transgenic nonhuman 

animals which express the desired humanized immunoglobulin, 
typically in a recoverable body fluid such as milk or serum. 

15 Such transgenes comprise a polynucleotide sequence encoding 
the humanized immunoglobulin(s) operably linked to a 
promoter, usually with a linked enhancer~ such as a rodent 
immunoglobulin enhancer or a casein gene promoter/enhancer 
(Buhler et al. (1990) Bio/Technology~: 140-143; Meade et al. 

20 (1990) Bio/Technology~: 443-446, incorporated herein by 
reference). Transgenes may be transferred into cells and 
embryos according to the methods described in the art and 
infra for homologous recombination constructs. Preferred 

25 

nonhuman animals include: mice,· rats, sheep, cows, and goats; 

with expression in bovine milk being particularly preferred. 
Purification of the humanized antibodies is accomplished by 
art-known purification methods for immunoglobulin 
purification. 

Homologous recombination constructs may also be 
30 used for producing cells or transgenic animals expressing the 

humanized immunoglobulins of the invention. Preferred 
promoter/enhancer combinations for operable linkage to 
polynucleotide sequences encoding the humanized 
immunoglobulins of the invention in the homologous 

35 recombination constructs include those associated with the 

albumin gene, ~-casein gene, a-casein gene, whey protein 

genes, or lactalbumin gene. Most usually, a selectable 

marker gene expression cassette {e.g., neoR, HSV-tk, or gpt 
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operably linked to a constitutive promoter such as the pgk 

gene promoter) is included in the homologous recombination 

construct for selection. The homologous targeting constructs 

encoding humanized immunoglobulins of the.invention can be 

5 transferred into embryonic stem (ES) cells by lipofection, 

. electroporation, or needle microinjection, 0~ into fertiliz~d 
animal embryos by pronuclear needle microinjection, or other 

art-accepted method. If ES cells are used for transgenesis, 

the resultant ES cells are usually selected by.positive 

10 selection, and optionally be negative selection as well, and 
verified for correctly targeted recombination by PCR or 

Southern blotting. Correctly targeted ES cells are 
incorporated into blastocysts by blastocyst injection 

according to methods known in the art and cited herein. 

15 General principles regarding the construction of targeting 

constructs and selection methods are reviewed in Bradley et 

al. (1992) Bio/Technology 10: 534, incorporated herein by 
reference. 

Chimeric. targeted mice are derived according to 
20 Hogan, et al., Manipulating the Mouse Embryo: A Laboratory 

Manual, Cold Spring Harbor Laboratory (1988) and 
Teratocarcinomas and Embryonic stem cells: A Practical 
Approach, E.J. Robertson, ed., IRL Press, Washington, o.c., 
(1987) which are incorporated herein by reference. Embryonic 

25 stem cells are manipulated according to published procedures 

(Teratocarcinomas and Embryonic stem cellsi A Practical 
Approach, E.J. Robertson, ed., IRL Press, Washington, o.c. 
{1987); Zjilstra et al., Nature 342:435-438 (1989); and 

Schwartzberg et al., Science 246:799-803 (1989), each of 
30 which is incorporated herein by reference). 

35 

Frequently, homologous targeting constructs are 
propagated in cloning hosts (e.g., bacteria, yeast) and may 
also include an origin of replication and selectable 
marker(s) for facile cloning. 

It is frequently preferable to use a transfection 
technique with linearized transgenes containing only modified 
target gene sequence ( s) ,and without vector sequences. The 

modified gene site is such that a homologous recombinant 
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between the exogenous targeting construct and the endogenous 
DNA target sequence can be identified by using carefully 
chosen primers and PCR or by Southern blot analysis, followed 

by analysis to detect if PCR products or s~uthern blot bands 

5 specific to the desired targeted event are present (Erlich et 

al., (1991) Science~: 1643, which is incorporated herein 

by. reference). Several stugies have already used PCR to 

successfully identify the desired transfected cell lines 

(Zimmer and Gruss (1989) Nature 338: 150; Mouellic et al~ 

10 (1990) Proc. Natl. Acad. Sci. (U.S.A.) 87: 4712; Shesely et 

al. (1991) Proc. Natl. Acad. Sci. USA 88: 4294, which are 
incorporated herein by reference). This approach is very 
effective when the number of cells receiving exogenous 

targeting transgene(s) is high (i.e., with electroporation or 

15 with liposomes) and the treated cell populations are allowed 

to expand (Capecchi, M. (1989) Science 244:1288, incorporated 
herein by reference). 

For making transgenic non-human animals (which 
include homologously targeted non-human animals), embryonal 

20 stem cells (ES cells} are preferred. Murine ES cells, such 

as AB-1 line grown on mitotically inactive SNL76/7 cell 
feeder layers (McMahon and Bradley, Cell .§Z:1073-1085 

(1990)) essentially as described (Robertson, E.J'. (1987) in 
Teratocarcinomas and Embryonic Stem Cells: A Practical 

25 Approach. E.J'. Robertson, ed. (Oxford: IRL Press), p. 71-112) 
may be used for homologous gene targeting. Other suitable ES 
lines include, but are not limited to, the E14 line (Hooper 
et al. (1987) Nature 326: 292-295), the D3 line (Doetschman 

et al. (1985) J'. Embryol. Exp. Morph. 87: 27-45), and the CCE 
30 line (Robertson et al. (1986) Nature 323: 445-448). The 

success of generating a mouse line from ES cells bearing a 
specific targeted mutation depends on the pluripotence of the 

ES cells (i.e., their ability, once injected into a host 

blastocyst, to participate in embryogenesis and contribute to 

35 the germ cells of the resulting animal). The blastocysts 

containing the injected ES cells are allowed to develop in 

the uteri of pseudopregnant nonhuman females and are born as 

chimeric mice. The resultant transgenic mice are chimeric 
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for cells having the homologously integrated humanized 

immunoglobulin gene sequence(s) and are backcrossed and 

screened for the presence of the correctly targeted 
transgene(s) by PCR or southern blot analysis on tail biopsy 

5 DNA of offspring so as to identify transgenic mice 

heterozygous for the inactivated lymphocyte transduction 

locus/loci. By performing the appropriate crosses, it is 

possible to produce, if desired, a transgenic nonhuman animal 

homozygous for multiple transgenes encoding a humanized 

10 immunoglobulin of the invention. 
The vectors containing the DNA segments of interest 

(~, the heavy and light chain encoding sequences and 

expression control sequences) can be transferred into the 

host cell by well-known methods, which vary depending on the 

15 type of cellular host. For example, calcium chloride 

transfection is commonly utilized for prokaryotic cells, 
whereas calcium phosphate treatment, lipofection, biolistics, 
viral-based transduction, or electroporation may be used for 
other cellular hosts. Tungsten particle ballistic 

20 transgenesis is preferred for plant cells and tissues. (See, 

generally, Maniatis et al., Molecular Cloning; A Laboratory 
Manual, Cold Spring Harbor Press, (1982), which is 

incorporated herein by reference.) 
Once expressed, the whole antibodies, their dimers, 

25 individual light and heavy chains, or other immunoglobulin 
forms of the present invention can be purified according to 

standard procedures of the art, including ammonium sulfate 
precipitation, affinity columns, column chromatography, gel 

electrophoresis and the like (~, generally, Scopes, R., 

30 Protein Purification, Springer-Verlag, N.Y. (1982), which is 
incorporated herein by reference). Substantially pure 
immunoglobulins of at least about 90 to 95% homogeneity are 
preferred, and 98 to 99% or more homogeneity most preferred, 
for-pharmaceutical uses. Once purified, partially or to 

35 homogeneity as desired, the polypeptides may then be used 

therapeutically (including extracorporeally) or in developing 
and performing assay procedures, immunofluorescent stainings, 

·and the like. (See, generally, Immunological Methods, Vols. 
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I and II, Lefkovits and Pernis, eds., Academic Press, New 
York, N.Y. (1979 and 1981)). 

In a preferred embodiment, humanized 

immunoglobulins are produced which bind to CD18 with a 

5 binding affinity of at least 1 x 10 7 M-1 in standard binding 

conditions. (e.g. , phosphate-buffered saline with. 2 percent 

fetal bovine serum at 25°C); one example of such humanized 

immunoglobulins is the humanized NA-8 antibody comprising the 
amino acid sequences shown in Fig. 2. The humanized 

10 antibodies of the invention preferably bind, ·in standard 
binding conditions, to human CD18 with an affinity of at 

least 1 x 108 M-1, more preferably with an affinity of at 

least l x 109 M-1, and advantageously with an affinity of at 

least 1 x 1010 M-1 or stronger. 

15 The antibodies of the present invention will 
typically find use in the treatment of disease conditions 
with an inflammatory component, especially those which are 
mediated by neutrophils or T cells. A preferred application 
is the treatment of ischemia-reperfusion injury caused by 

20 myocardial infarction, cerebral ischemic event (e.g., 

stroke), renal infarction, brain surgery, shock, cardiac 
surgery (e.g., coronary artery bypass), elective angioplasty, 
and the like. other preferred applications are the treatment 

·Of sepsis, adult respiratory di'stress syndrome, and multiple 
25 organ failure. The antibodies will find use in treating 

injury due to trauma, burns, frostbite or damage to the 

spinal cord. They ~ill also find use in treating autoimmune 
diseases including by way of example and not limitation, 

rheumatoid arthritis, systemic lupus erythematosus, multiple 

J'O sclerosis, type I diabetes and uveitis, in treating 

inflammatory diseases of the skin such as psoriasis, and in 
treating meningitis and encephalitis. Other typical 
applications are the prevention and treatment of organ 
transplant rejection, graft~versus-host disease, and 

35 neoplasia. 

Any humanized immunoglobulins of the present 
invention may also be used in combination with other 

antibodies,·particularly humanized antibodies reactive with 
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different adhesion molecules. For example, suitable antigens 

to which a cocktail of humanized immunoglobulins may react 

include CDlla, CD11b, L-selectin, E-selectin, P-selectin and 

ICAM-1. Other suitable antigens are lymphokines such as 

5 IL-1, !L-2 and IFN-7, and their receptors. 

The humanized antibodies can also be used as 

separately administered compositions given in conjunction 

with chemotherapeutic agents. Typically, the agents may 

include non-steroidal anti-inflammatory drugs and 
10 corticosteroids, but numerous additional agents (e.g., 

cyclosporin) well-known to those skilled in the art of 
medicine may also be utilized. Indeed, the humanized 

immunoglobins of the present invention will typically be used 
in combination with drugs currently used by those skilled in 

15 the art to treat particular diseases. 
A preferred pharmaceutical composition of the 

present invention comprises the use of the subject 

immunoglobulins in immunotoxins to kill CD18 expressing 

cells. Immunotoxins are characterized by two components and 

20 are particularly useful for killing selected cells in vitro 

or in vivo. One component is a cytotoxic agent which is 
usually fatal to a cell when attached or absorbed. The 
second component, known as the "delivery vehicle~" provides a 
means for de~ivering the toxic agent to a particular cell 

25 type, such as cells expressing a CD18 epitope. The two 
components are commonly chemically bonded together by any of 
a variety of well-~own chemical procedures. For example, 
when the cytotoxic agent is a protein and the second 

component is an intact immunoglobulin, the linkage may be by 

lO way of heterobifunctional cross-linkers,~, SPDP, 
carbodiimide, glutaraldehyde, or the like. Production of 

various immunotoxins is well-known with the art, and can be 

found, for example in "Monoclonal Antibody-Toxin Conjugates: 

Aiming the Magic Bullet," Thorpe et al., Monoclonal 
35 Antibodies in Clinical Medicine, Academic Press, pp. 168-190 

(1982), which is incorporated herein by reference. The 

components may also be linked genetically (see Chaudhary et 
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al., Nature 339, 394 (1989), ·incorporated herein by 

reference) . 
A variety of cytotoxic agents are suitable for use 

in immunotoxins. cytotoxic agents can include 

5 radionuclides, such as Iodine-131 or other isotopes of 

iodine, Yttrium-90, Rhenium-188, and Bismuth-212 or other 

alpha emitters; a number of chemotherapeutic drugs, such as 

vindesine, methotrexate, adriamycin, and cisplatin; and 

cytotoxic proteins such as ribosomal inhibiting proteins like 
lO pokeweed antiviral protein, Pseudomonas exotoxin A, ricin, 

diphtheria toxin, ricin A chain, etc., or an agent active at 

the cell surface, such as the phospholipase enzymes (~, 

phospholipase C). (See, generally, commonly assigned 
U.S.S.N. 07/290,968, "Chimeric Toxins," Olsnes and Phil, 

15 Pharmac. There., 25, 355-381 (1982), and Monoclonal 

Antibodies for cancer Detection and Therapy, eds. Baldwin and 
Byers, pp. 159-179, 224-266, Academic Press (1985), all of 
which are incorporated herein by reference.) 

The delivery component of the immunotoxin will 
20 include the humanized immunoglobulins of the prese.nt 

invention. Intact immunoglobulins or their binding 
fragments, such as Fab or Fv, are preferably used. 
Typically, the antibodies in the immunotoxins will be of the 
human IgM or IgG isotype, but other mammalian constant 

25 regions may be utilized as desired. 

For some applciations, such as dianostic uses, the 
humanized anti-CD-18 antibodies of the present invention will 
comprise a detectable label; typically the label is attached 
by covalent linkage or incorporation cf a labeled 

30 radionuclide into the glyccprotein immunoglobulin. For 
example and not limitation, one application of the humanized 
anti-CD-18 antibodies is as a research reagent and/or 

diagnostic reagent to detect quantitatively the presence of 
CD-18 on cell surfaces; frequently a labeled second antibody 

35 (e.g., goat anti-human IgG) will be used to bind to the human 

sequence portion (e.g., the constant region and/or human 

variable region framework) of the humanized immunoglobulin. 

This approach can be used advantageously when the sample 
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being assayed for CD-18 expressing cells also contains other 

species which would interfere with a mouse primary antibody 

reactive with CD-18. 

The humanized antibodies and pharmaceutical 

5 compositions thereof of this invention are particularly 

useful for parenteral administration, .i...:JL.., subcutaneously, 

intramuscularly or intravenously. The humanized antibodies 

of the invention may also be administered, typically for 

local application, by gavage or lavage, intraperitoneal 
10 injection, opthalmic ointment, topical ointment, intracranial 

injection (typically into a brain ventricle), 
intrapericardial injection, or intrabursal injection. The 

compositions for parenteral administration will commonly 
comprise a solution of the immunoglobulin or a cocktail 

15 thereof dissolved in an acceptable carrier, preferably an 

aqueous carrier. A variety of aqueous carriers can be used, 

~, water, buffered water, phosphate buffered saline (PBS), 

0.4% saline, 0.3% glycine, human albumin solution and the 
like. These solutions are sterile and generally free of 

20 particulate matter. These compositions may be sterilized by 
conventional, well-known sterilization techniques. The 
compositions may contain pharmaceutically acceptable 

.auxiliary substances as required to approximate physiological 
conditions such as pH adjusting and buffering agents, 

25 toxicity adjusting agents and the like, for example sodium 

acetate,. sodium chloride, potass.ium chloride, calcium 
chloride, sodium lactate, etc. The concentration of antibody 

in these formulations can vary widely,~. from less than 
about 0.005%, usually at least about .1% to as much as 15 or 

JO 20% by weight and will be selected primarily based on fluid 

volumes, viscosities, etc., in accordance with the particular 

mode of administration selected. 

Thus, a typical pharmaceutical composition for 

injection could be made up to contain 1 ml sterile buffered 
JS water, and 1-10 mg of immunoglobulin. A typical composition 

for intravenous infusion could be made up to contain 250 ml 
of sterile Ringer's solution, and 150 mg of antibody. Actual 

-methods -for preparing parenterally administrable compositions 
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will be known or apparent to those skilled in the art and are 
described in more detail in, for example, Remington's 
Pharmaceutical Science, 15th ed., Mack Publishing Company, 

Easton, Pennsylvania (1980), which is incorporated herein by 

reference. compositions suitable for lavage or other routes 

will be selected according to the particular .use intended. 

The antibodies of this invention can be frozen or 

lyophilized for storage and reconstituted in a suitable 
carrier prior to use. This technique has been shown to be 

io effective with conventional immune globulins and art-known 
lyophilization and reconstitution techniques can be employed. 
It will be appreciated by those skilled in the art that 
lyophilization and reconstitution can lead to varying degrees 

of antibody activity loss (~, with conventional immune 

15 globulins, IgM antibodies tend to have greater activity loss 

than IgG antibodies) and that use levels may have to be ad
justed to compensate. 

The compositions containing the present humanized 

antibodies or a cocktail thereof can be administered for 
20 prophylactic and/or therapeutic treatments. In therapeutic 

applications, compositions are administered to a patient 

already·suffering from an inflammatory disease, in an amount 
sufficient to cure or at least partially arrest the disease 
and its complications. An amount adequate to accomplish this 

25 is defined as a "therapeutically effective dose." Amounts 
effective for this use will depend upon the severity of the 
disease and the general state of the patient's own immune 
system, but generally range from about 1 to about 200 mg of 

antibody per dose, with dosages of from 5 to 100 mg per 

30 patient being more commonly used. Dosing schedules will vary 

with the disease state and status of the patient, and will 
typically range from a single bolus dosage or continuous 

infusion to multiple administrations per day (e.g., every 4-6 
hours), or as indicated by the treating physician and the 

35 patient's condition. It must be kept in mind that the mate-

rials of this invention may generally be employed in serious 

disease states, that is life-threatening or potentially life

.threatening situations. In such cases, in view of the 
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minimization of extraneous substances and the lower 
probability of "foreign substance" rejections which are 

achieved by the present humanized immunoglobulins of this in

vention, it is possible and may be felt desirable by the 

5 treating physician to administer substantial excesses of 

these antibodies. 
In prophylactic applications, compositions 

containing the present antibodies or a cocktail thereof are 

administered to a patient not already suffering from a 

10 particular disease to enhance the patient's resistance. Such 

an amount. is defined to be a "prophylactically effective 

dose." In this use, the precise amounts again depend upon 
the patient's state of health and general level of immunity, 
but generally range from 1 to 50 mg per dose. Preferred 

15 prophylactic uses are for the prevention of adult respiratory 

distress syndrome in patients already suffering from sepsis 
or trauma; prevention .of organ transplant rejection; and 
prevention of reperfusion injury in patients suffering from 
ischemia. In seriously ill patients, dosages of about 50 to 

20 100 mg of humanized immunoglobulin per administration are 
frequently used, and larger dosages may be indicated. 

Single or multiple administrations of the 

compositions can be carried out with dose levels and pattern 
being selected by the treating physician. In any event, the 

25 pharmaceutical formulations should provide a quantity of the 
antibody(ies) of this invention sufficient to effectively 
treat the patient. 

Humanized antibodies of the present invention can· 
further find a wide variety of utilities in yitro. By way of 

30 example, the antibodies can be utilized for detection of CD18 
antigens,. for isolating specific leukocytes, or the like. 
For.example but not for limitation, a humanized NA-8 
immunoglobulin can be immobilized and contacted with blood 

extravasated from a patient to remove blood cells bearing 

35 CD18 antigens, and the remaining blood, depleted of CD18-

bearing cells, may be reintroduced into the patient. Any 
residual humanized antibody present in the depleted blood 

reintroduced into the patient (e.g., as a consequence of 

SU8STmJT£ SHEET (RULE 26) 

BIOEPIS EX. 1002 
Page 2458



WO 94/U214 PCT /US93/11611 

30 

detachment from the immobilization support) would have 

reduced or negligible antigenicity as compared to a murine 

antibody. 

For diagnostic purposes, the antibodies may either 

5 be labeled or unlabeled. Unlabeled antibodies can be used in 

combination with other labeled antibodies (se_cond antibodies) 

that are reactive with the humanized antibody, such as anti

bodies specific for human immunoglobulin constant regions. 

Alternatively, the antibodies can be directly labeled. A 
10 wide variety of labels may be employed, such as 

radionuclides, fluors, enzymes, enzyme substrates, enzyme co

factors, enzyme inhibitors, ligands (particularly haptens), 

etc. Numerous types of immunoassays are available and are 

well known to those skilled in the art. 
15 The following examples are offered by way of 

illustration, not by limitation •. It will be understood that 
although the examples pertain to the NA-8 antibody, producing 
humanized antibodies with high binding affinity for CD18 may 
also be performed using CDRs from other monoclonal antibodies 

20 that bind to an epitope of CDlB. 

EXPERIMENTAL 

Generation of anti-co1s NA-a antibody. 
The mouse antibody NA~s that binds to human CD18 

25 was developed as follows. A mouse was subcutaneously 

immunized with 25 x 106 PMA-activated human neutrophils 
emulsified in Hunter's TiterMaxff adjuvant at two sites. The 

mouse was boosted 4·times by intraperitoneal injection of 20-
25 x 106 PMA-activated neutrophils at intervals of 2 to 3 

30 weeks. Four days following the final boost, the spleen cells 
were fused with myeloma cell to produce hybridomas, following 

methods well known in the art. supernatants of hybridomas 
were then screened for the ability to inhibit neutrophil 
adherence to protein-coated plastic. Hybridoma supernatant 

35 samples (100 µl) were transferred to a 96 well plate. A 
neutrophil suspension (100 µl of 5 x 106 cells/ml) was added 
to each well. Following a 5 min incubation at room 

temperature, 20 µl of a 500 ng/ml stock of PMA was added to 

SUBST1TUTE SHEET (RULE 26} 

BIOEPIS EX. 1002 
Page 2459



WO 94/12214 PCT /US93/11611 

31 

each well. The plate was incµbated for thirty minutes at 

37°C to allow the neutrophils to settle to the bottom of the 

well. Following this incubation, the wells of the plate were 

washed 3 times with RPMI to remove non-adherent cells. Each 

s well was then stained with so µl of 0.2% crystal violet in 

10% phosphate-buffered formalin for 20 min, then washed with 

H2o and allowed to air dry. Wells in which neutrophils had 

adhered to the plastic were deeply stained, while wells in 

which the hybridoma supernatant inhibited the adherence did 
10 not stain and appeared clear. NA-8 was one of the hybridomas 

whose supernatant inhibited adherence. 

That NA-8 specifically binds to CDlS was shown in 

two ways. Immunoprecipitation of labelled neutrophil lysate 

gave the same pattern as the Known anti-CDlS antibody IB4 

15 (Wright et al. (1983) Proc. Natl. Acad. Sci. USA so: 5699), 

that is bands of the correct size for CD18 and for co

precipitated CD11b and·CD11c. Therefore, the antibody reacts 
with the CD11/CD18 complex, and the presence of 2 alpha 

chains (both CDllb and CDllc) implies that re~ctivity is in 

20 fact with CD18. Secondly, NA-8 binds to the same cell lines 

among a panel of cell lines as IB4. In particular, NA-a 

reacts with Hut-102B and JURKAT cells as well as normal human 
peripheral blood lymphocytes, which express CD18 but not 
CDllb. 

25 

Cloning of heavy chain and light chain cDNA. 
cDNAs for the heavy chain and light chain variable 

domain genes of NA-s·were cloned using anchored polymerase 

chain reactions as described (see Co,~.et al., J. Immunol. 148, 

30 1149 (1992) and commonly assigned u.s.S.N. 07/634,278), using 

3' primers that hybridized to the constant regions and 

contained HindIII sites, and 5' primers that hybridized to 

the dG tails and contained EcoRI sites. The PCR amplified 

fragments were digested with EcoRI and HindIII and cloned 

35 into the pUClS vector for sequencing. For NA-8, at least two 

gamma-1 specific and two kappa specific clones were 

sequenced. The gamma~l clones and the kappa clones are 

respectively identical in sequence. The cDNA variable domain 
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sequences and the deduced am~no acid sequences are shown in 

Fig. L 

computer modeling of humanized antibodies. 

5 In order to retain high binding affinity in the 

humanized antfbodies, the general procedures .of Queen et al. 

were followed {~, Queen et al., Proc. Natl. Acad. Sci. USA 

86, 10029 (1989) and WO 90/07861, whichare incorporated 
herein by reference). The more homologous a human antibody. 

10 is to the original murine antibody, the less likely will 
combining the murine CDRs with the human framework be to 

introduce distortions into the CDRs that could reduce 
affinity. Normally the heavy chain and light chain from the 
same human antibody are chosen to provide the framework 

15 sequences, so as to reduce the possibility of incompatibility 
in the assembling of the two chains. Based on sequence 
homology search against the NBRF protein sequence database 
(performed with the MicroGenie Sequence Analysis Software· 

(Beckman)), the antibody Eu was chosen to provide the 

20 framework sequences for humanization of NA-8. 

The computer program ENCAD {M. Levitt, J. Mel. 

Biol . .!.filt, 595 (1983), which is incorporated herein by 
reference) was used to construct a model of the NA-8 variable 
region. The model was used to determine the amino acids in 

25 the NA-8 framework that were close enough to the CDRs to· 
potentially interact with them (category 4 below). To design 

the humanized light and heavy chain NA-8 variable regions, at 
each position the amino acid was chosen to be the same as in 

the Eu antibody, unless that position fell in one or more of 
30 four categories: 

35 

(1) The position fell within a CDR, 
(2) The Eu amino acid was unusual for human 

antibodies at that position, whereas the 

NA-8 amino acid was typical for human 

antibodies at that position, 

.(3) The position was immediately adjacent to 

a CDR, 
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(4) The model described above suggested that 

the amino acid may be physically close 

to the antigen binding region (CDRs). 
For positions in these categories, the amino acid 

5 from the mouse NA-8 antibody was used. 
The amino acids in each category are shown in 

Table 1. Some amino acids may be in more than one category. 

The final sequences of the humanized NA-8 light and heavy 

chain variable domains are shown in Fig. 2, A-B compared with 

10 the murine NA-8 sequences. 

TABLE 1 

Category Light Chain Hea~ Chain 
15 

1 24-40, 56-62, 95-103 31-35, 50-66, 99-106 

2 54, 87, 112 93, 95, 98, 107-109, 111 

20 j 30, 67, 98, 107 

4 22, 54, 69, 76 27, 30, 38, 48, 67-68, 70, 74 

25 In addition, the amino acid from the mouse NA-8 antibody was 
chosen at light chain position 49, because it was at the 
light-heavy chain interface. 

To determine whether amino acids 67, 68, 70 and 74 
in the heavy chain variable region framework of humanized NA-8 

30 were important in maintaining binding affinity, a second 

humanized version of NA-8 was constructed, designated 
humanized NA-Ba. This antibody has the same light chain as 
the first version (Fig. 2A), but in the heavy chain the human 

EU amino acids were retained .at positions 67, 68, 70 and 74, 
35 rather than being replaced by the murine NA-8 amino acids. 

40 

The sequence of the mature heavy chain variable region of 
humanized NA-Ba is shown in Fig. 2c. Humanized NA-Sa was 

produced and characterized analogously to humanized NA-8 (see 
below). 

For the construction of genes for the humanized 
antibodies, nucleotide sequences were selected that encode the 

protein sequences of the humanized heavy and light chains, 
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including signal peptides, generally utilizing codons found in 
the mouse sequence. several degenerate codons were changed to 

create restriction sites or to remove undesirable ones. The 

nucleotide sequences of the genes also included splice donor 

5 signals and an XbaI site at each end. For example, the 

nucleotide sequences and encoded humanized light and heavy 

chain variable domains of humanized NA-8 are shown in Fig. 3. 
Each gene was constructed from four overlapping synthetic 

oligonucleotides, as described (~, Co et al., J. Immunol. 
10 148, 1149 .(1992), and commonly assigned u.s.s.N. 07/634,278, 

which are. incorporated herein by reference.) The heavy and 
light chain variable region genes were then respectively 

ligated into the XbaI sites of the pVgl-dhfr or pVk expression 

vectors (~, commonly assigned U.S.S.N 07/634,278) in the 
15 appropriate orientations to produce the complete heavy and 

light chain genes. Reactions were carried out under 
conditions well-known in the art (Maniatis et al., op. cit.) 

The heavy chain and light chain plasmids were 

transfected into Sp2/0 mouse myeloma cells by electroporation 
20 and cells were selected for gpt expression. Clones were 

screened by assaying human antibody production in the culture 

supernatant by ELISA, and antibody was purified from the best
producing clones. Humanized NA-B IgGl antibody was then 
purified by passing tissue culture supernatant over a column 

25 of staphylococcal protein A-Sepharose CL-4B (Pharmacia). The 
bound antibody was eluted with 0.2 M Glycine-HC1, pH3.0 and 

neutralized with l M Tris PHS.O. The buffer was exchanged 
into PBS by passing over a PD10 column {Pharmacia), or by 

dialysis. To obtain cells producing higher levels of 
30 antibody, the transfected clones may be cultured in increasing 

concentrations of methotrexate. 

To produce a humanized NA-8 antibody of the IgG4 

isotype, another vector pVg4-dhfr was first constructed. To 

do so, the XbaI-BamHI fragment of pVgl-dhfr containing the 11 
_35 constant region was replaced with an approximately 2000 bp 

fragment of the human 14 constant region gene (Ellison and 
Hood, Proc. Natl. Acad. Sci. USA 79: 1984 (1982)) that 

extended from the HindIII site preceding the CHl exon of the 
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14 gene to 270 bp after the NsiI site following the CH4 exon 

of the gene, using methods well-known to those skilled in the 

art, including polymerase chain reaction. The humanized NA-8 

heavy chain variable region gene was then cloned into the XbaI 

5 site of pVg4-dhfr. This heavy chain· plasmid was then 

transfected together with the above light chain plasmid into 

Sp2/0 cells, clones selected, and humanized NA-8 IgG4 antiDody 

purified as· described above for the IgG1 antibody. A 

humanized NA-Sa IgG4 antibody is produced similarly. 

10 

Properties of humanized antibodies. 
The affinity of the humanized NA-8 antibodies for 

CD18 were determined by competition with the radio-iodinated 

mouse NA-8 antibody (Fig. 4). The binding affinities were 

15 calculated according to the methods of Berzofsky (J.A. 
Berzofsky and I.J. Berkower, in Fundamental Immunology (ed. 
W.E. Paul), Raven Press (New York), 595 (1984), which is 

incorporated herein by reference). The humanized NA-8 
antibodies had an affinity within about .2-fold of the mouse 

20 NA-8 antibody. A similar result will be found when the 

affinity for CD18 on human neutrophils is measured. The 

humanized NA-8a antibody was similarly determined to have 
approximately the same binding affinity for CD18 as humanized 
NA-8. 

25 The ability of the mouse and humanized NA-8 

antibodies to block the adhesion of human neutrophils to 

endothelial cells was shown as follows (Fig 5). Human 
umbilical cord endothelial cells (HUVEC; from Clonetics, San 
Diego) were grown to confluency in EGM media (Clonetics) in a 

30 24 well plate. Four hours prior to. the assay, each well was 
washed with RPMI, and media containing 20 ng/ml IL-1~ was 
added. The plates were then incubated at 37° C. Human 

neutrophils were isolated from buffy coats that had been 
cleared of erythrocytes by dextran sedimentation, and then 

35 adjusted to 107 cells per ml. The neutrophils were then 

labelled with 200-400 µCi of 51cr. Twenty minutes prior to the 

assay, 250 µl of the labelled neutrophil suspension was added 

to a polypropylene tube containing 250 µl of RPMI with varying 
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concentrations of an antibody. The assay was begun by washing 
the HUVEC free of IL-1~ and adding antibody-treated cells to 

the wells. The plate was incubated f9r thirty minutes at 37° 

C to allow the neutrophils to settle onto the activated HUVEC. 

5 Each well was washed 3 times with RPM! to remove non-adherent 

neutrophils. The contents of each well was lysed by the 

addition of 500 µl of 1% sos, and transfered to a vial to 

determine adherent cpm. The humanized NA-Ba antibody 

similarly blocked binding of neutrophils to HUVEC. 

10 From the foregoing, it will be appreciated that the 

humanized immunogiobulins of the present invention offer 

numerous advantages over other CDlB specific antibodies. In 

comparison to mouse monoclonal antibodies, the present 
humanized immunoglobulins can be more economically produced 

15 and contain substantially less foreign amino acid sequences. 
This reduced likelihood of antigenicity after injection into a 
human patient represents a significant therapeutic 
improvement. 

All publications and patent applications are herein 
20 incorporated by reference to the same extent as if each 

individual publication or patent application was specifically· 

and individually indicated to be incorporated by reference. 
Although the present invention has been described in some 
detail by way of illustration and example for purposes of 

25 clarity ·and understanding, it will be apparent that certain 

changes and modifications may be practiced within the scope of 

the appended claims. 
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WE CLAIM: 

1. A humanized il!IJ!lunoglobulin having 

complementarity determining regions (CDRs) corresponding to 

5 CDRs .from the donor immunoglobulin NA-8 and heavy and light 

chain variable region frameworks corresponding to human 

acceptor immunoglobulin heavy and light chain frameworks, 

which humanized immunoglobulin specifically binds to human 

CDlS with an affinity constant of at least 107 ~ 1 , wherein the 

10 sequence of the humanized immunoglobulin heavy chain variable 

region framework is more than 65% identical but less than 95 % 

identical to the sequence of the donor immunoglobulin heavy 

chain variable region framework. 

15 2. A humanized immunoglobulin according to claim 1 

which is an antibody comprising two light chain/heavy chain 
dimers. 

3. A humanized immunoglobulin of claim 2, wherein 
20 said antibody is of the IgGl or IgG4 isotype. 

25 

4. A humanized immunoglobulin according to claim 
1, which specifically binds to human CDlS with an affinity of 
at least 108 Jr1 • 

5. A humanized immunoglobulin according to claim 
1, which is an Fab o_r (Fab' ) 2 • 

6. A humanized immunoglobulin according to claim 
30 1, wherein said acceptor immunoglobulin heavy and light chain 

frameworks are from the same human antibody. 

35 

7. A humanized immunoglobulin according to claim 

6, wherein said human antibody is the Eu human antibody. 

3. A humanized immunoglobulin having 

complementarity determining regions (CDRs) corresponding to 
CDRs from the donor immunoglobulin NA-8 and heavy and light 
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chain variable region frameworks corresponding to acceptor 
immunoglobulin heavy and light chain frameworks, which 
humanized immunoglobulin specifically binds to human CD18 with 

an affinity constant of at least 107 M-1 , wherein the sequence 

5 of the acceptor immunoglobulin heavy chain variable region is 

among the 5 sequences in a representative collection of 

sequences of human immunoglobulin heavy chain variable regions 

most homologous to the sequence of the donor immunoglobulin 
heavy chain variable region. 

10 

9. A humanized immunoglobulin having 
complementarity determining regions (CDRs) corresponding to 
CDRs from the donor immunoglobulin NA-Band heavy and light 
chain variable region frameworks corresponding to acceptor 

15 immunoglobulin heavy and light chain frameworks, which 

humanized immunoglobulin specifically binds to human CD1B with 
an affinity constant of at least 107 ~ 1 , wherein said 
humanized immunoglobulin comprises amino acids from the donor 
immunoglobulin framework replacing the corresponding amino 

20 acids in the acceptor immunoglobulin heavy or light chain 
frameworks, said amino acids not in positions 26-30 of the 
heavy chain, and each of said amino acids: 

(i) is adjacent to a CDR in the donor 
immunoglobulin sequence, or 

25 (ii) contains an atom within a distance of 5 
angstroms of a CDR in said humanized immunoglobulin. 

10. A humanized immunoglobulin having 
complementarity determining regions (CDRs) corresponding to 

30 CDR!; from the donor i:mmunoglobulin NA-Band heavy and light 
chain variable region frameworks corresponding to acceptor 
immunoglobulin heavy and light chain frameworks, which 
humanized immunoglobulin specifically binds to human CD1B with 
an affinity constant of at least 10 7 ~ 1 , wherein said 

35 humanized immunoglobulin comprises amino acids from the donor 
immunoglobulin framework replacing the corresponding amino 
acids in the acceptor immunoglobulin heavy or light chain 
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frameworks, said amino acids not in positions 26-30 of the 

heavy chain, and each of said amino acids: 

(i) is adjacent to a CDR in the donor 

immunoglobulin sequence, or 

5 (ii) contains an atom within a distance of 4 

angstroms of a CDR in said humanized i:mmunoglobulin. 

11. A humanized immunoglobulin according to claims 

9 or 10 wherein the distance from said atom to said CDR is 

10 determined from a computer-generated model of an 
immunoglobulin. 

15 

12. A humanized immunoglobulin according to claims 

9 or 10, which is an Fab or (Fab 1 ) 2 •. 

13. A humanized immunoglobulin according to claim 9 

which is an antibody comprising two light chain/heavy chain 
dimers. 

20 14. A humanized immunoglobulin of claim 13, wherein 
said antibody is of the IgGl or IgG4 tsotype. 

15. A humanized immunoglobulin according to claim 
9, wherein said acceptor immunoglobulin heavy and light chain 

25 frameworks are both from the Eu human antibody. 

30 

16. A humanized immunoglobulin according to claims 
1 or 9 which is substantially pure. 

17. A humanized immunoglobulin according to claims 
1 or 9 that inhibits the binding of human neutrophils to human 
endothelial cells. 

18. A composition comprising a humanized 
35 immunoglobulin according to claims 1 or 9. 

19. A recombinant immunoglobulin which specifically 
binds to human CD18, wherein the amino acid sequence of the 
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mature light chain variable region is as shown in the lower 
lines of Fig. 2A. 

20. A recombinant immunoglobulin which specifically 

5 binds to human CD18, wherein the amino acid sequence of the 

mature·heavy chain variable region is as shown in the lower 

lines of Fig. 2B or Fig. 2c. 

21. A method of treating an inflammatory disease or 

10 condition, comprising administering to a human patient a 
therapeutically~effective dose of a humanized immunoglobulin 
which specifically binds to human CD18. 

22. A method according to claim 21, wherein the 

15 inflammatory.disease or condition is selected from the group 

20 

.consisting of: ischemia-reperfusion.injury, myocardial 

infarction, balloon angioplasty, cardiac surgery, adult 
respiratory distress syndrome, cerebral ischemia, sepsis, and 
autoimmune disease. 

23. A method according to claim 21, wherein the 
humanized immunoglobulin comprises the amino acid sequence of 
the mature light chain variable region as shown in the lower 
lines of Fig. 2A and the amino acid sequence of the mature 

25 heavy chain variable region as shown in the lower lines·of 

Fig. 2B or Fig. 2C. 

24. A method according to claim 21, wherein the 

humanized immunoglobulin binds to human CD18 with an affinity 
30 of at least 1 x 107 M-1 • 

35 

25 •. A method according to claim 24, wherein at 

least about 10 mg of the humanized immunoglobulin is 
administered by a parenteral route. 

26. The murine antibody NA-a. 

27 .. A.cell line producing an antibody of claim 26, 
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28. An immunoglobulin whose light or heavy chain 

variable region respectively comprises the CDRs shown in Fig. 

2A or Fig. 2B. 

29. An immunoglobulin according to claim 28 which 

is humanized . 

. J·o. An immunoglobulin according to claim 29 which 
is an antibody comprising two light chain/heavy chain dimers. 
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• • 3 0 • • 60 

ATGGATTCACAGGCCCAGGTTCTTATGTTACTGCTGCTATGGGTATCTGGAACCTGTGGG 
M D S Q A Q V L M L L L L W V S G T C G 

. • 90 • • 120 
GACATTGTGATGTCACAGTCTCCATCCTCCCTAGCTGTGTCAGTTGGAGAGAAGGTTACT 

D I V M S Q S P S S L A V S V G E K V T 

• • 150 • • 180 
ATGAGCTGCAAGTCCAGTCAGAGCCrl~TATATAGTAGCATTCAAAAGAATTACTTGGCC 

M S C K S S Q S L L Y 5 S I Q K N Y L A 

. • 210 • • 240 
TGGTACCAGCAGAAACCAGGGCAGTCTCCTAAACTGCTGATTTACTGGGCATCTACTAGG 

W Y Q Q K P G Q 5 P K L L I Y W A S T R 

• • . 270 • • 300 
.GAATCTGGGGTCCCTGATCGCTTCACAGGCAGTGGATCTGGGACAGATTTCACTCTCACC 

E S G V P D R F T G S G S G T D F T L T 

• • 330 • • 360 
ATCAGCAGTGTGAAGGCTGAAGACCTGGCAGTrTATTACTGTCAGCAATATTATAGCTAT 

I S S V K A E D L A V Y Y C Q Q Y Y S Y 

• • 390 
CCATTCACGT'l'CGGCTCGGGGACAAAGTTGGAAATAAAA 

P F T F G S G T ·K L E I K 

Fig. lA 

• • 30 • • 60 
ATGGAAAGGCACTGGATCTTTCTCTTCC'l'GTffTCAGTAACTGCAGGTGTCCACTCCCAG 

M E R H W I F L F L F S V T A G V H S Q 

. . 90 . . 120 
GTCCAGCTTCAGCAGTCTGGGGCTGAACTGGC,.2~ ... UCCTGGGGCCTCAGTGAAGATGTCC 

V .Q L Q Q S GAEL AK PG AS V K-M S 

• • 150 • • 180 
TGCAAGGCTTC'l'GGCTACACC'lTl'ACTAG'l'TAC'l'TGATGCACTGGGTAAAACAGAGGCCT 

C K A S G Y T .F T S Y L M H W V K Q R P 

• • 210 • . • 240 
GGACAGGGTC'l'GGAATGGATTGGAAACATTAATCCTAGCACTGCTTATACCGACTACAAT 

G Q G. L E. W I G N I N P S T A Y T D Y N 

• • 270 • • 300 · 
CAGAAC'l'TTAACGACAAGGCCACAT'l'GACTGCAGACAGATCC'l'CCACCACAGCCTACATG 

Q N F N D K A T L T A D R S S T T A Y M 

. • 330 • . 360 
CAACTGAGCAGCCTGACATCTGAGGACTCTGCAGTCTA'l'TACTGTGCAAGAGGGGGTGAT 

Q L S S L T S E D S A V Y Y C A R G G D 

. . 390 . 
TTCCTTATGGAC'l'ACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA 

· F L M D Y .W G Q G T S V T V S S 

Fig. lB 
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10 20 30 . 40 50 60 
TCTAGACCACCATGGAGAAAGACACACTCCTGCTATGGGTCCTGCTTCTCTGGGTTCCAG 

M E K D T L L L W V L L L W V P 

70 80 90 100 110 120 
GTTCCACAGGTGATATACAGATGACTCAGTCACCGTCGACTCTGAGTGCTTCAGTCGGTG 
G 5 T G D I Q M T Q S P S T L S A S V G 

130 140 150 160 · 170 180 
ATCGTGTCACTATATCATGTAAGAGCTCACAGTCACTACTATATTCTAGTATACAGAAGA 
D R V T I S C K S S Q S L L Y S S I Q K 

190 200 210 220 230 240 
ACTATCTAGCTTGGTATCAGCAGAAGCCTGGTAAGTCACCTAAGCTTCTGATCTACTGGG 
N Y L A W Y Q Q K P G K S P K L L I Y W 

250 260 270 280 290 300 
CGAGTACACGTGAGTCTGGAGTACCAAGTCGTTTCACAGGTAGTGGCTCAGGCACGGA'l"l' 
A S T R E S G V P S R F T G S G S G T D 

:no 320 330 340 350 360 
TCACACTGACTATATCGTCACTGCAGCCAGAGGACTTCGCAACGTACTACTGTCAGCAGT 
F T L T I S S L Q P E D F A T Y Y C Q Q 

370 380 390 400 410 420 
ATTACTCATATCCGTTCACGTTCGGACAGGGAACTAAGGTAGAGATCAAGCGTAAGTAGA 
Y Y S Y P F T F G . Q G T K V E I K 

430 
ATCCAAAGTCTAGA 

Fig. 3A 

10 20 30 40 so 60 
TCTAGACCACCATGGGATGGAGCTGGATCTT'l'CTCTTCCTCCTGTCAGGAACTGCTGGCG 

M G W S W I F L F L L S G T A G 

70 80 90 100 110 120 
TCCACTCTCAAGTACAGCTAGTGCAGTCTGGAGCTGAGGTCAAGAAGCCTGGATCGTCAG 
V H S Q V Q L V Q S G A E V K K P G S S 

130 140 150 160 170 180 
TCAAGGTCAGCTGTAAGGCATCAGGATATACGTI'CACGTCATACCTGATGCACTGGGTGA 
V K V S C K A S G Y T F T S Y L M H W V 

190 200 210 220 230 240 
AGCAGGCCCCTGGACAGGGACTCGAGTGGATCGGTAACATAAATCCGTCGACTGCATATA 
K Q A P G Q G L E W I G N I. N P S T A Y 

250 260 270 280 290 300 
CGGACTATAATCAGAAT'l"l'CAACGATAAGGCAACTCTGACGGCTGATCGATCGACAAACA 
T D Y N Q N F N ,D K A T L T A D R S T N 

310 320 330 340 350 360 
CTGCGTATATGGAGCTGTCAAGCTTGCGATCAGAAGATACTGCTGT'rl'ACTACTGCGCAC 
T A Y M E L S S L R S E D T A V Y Y C A 

370 380 390 400 410 420 
GAGGTGGAGACTTCCTGATGGACTA'l"l'GGGGACAGGGTACGCTAGTAACGGTGAGCTCAG 
R G G D F L M D Y W G Q G T L V T V S S 

430 
GTAAGAATGGCCTCTAGA 

Fig. 3B 
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• • Application No. _ Applicant(s) 

08/146,206 Carter et al. 

Office Action Summary Examiner 

Patrick Nolan 

Group Art Unit 

1816 

IX) Responsive to communication(s) filed on Dec 3, 1996 --~--------------------------
0 This action is FINAL. 

D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is closed 
in accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 O.G. 213. 

A shortened statutory period for response to this action is set to expire 3 month(s), Qr it:iirt, ele,s, mhicbev&r 
~er, from the mailing date of this communication. Failure to respond within the period for response will cause the 
application to become abandoned. (35 U.S.C. § 133). Extensions of time may be obtained under the provisions of 
37 CFR 1.136(a). 

Disposition of Claims 

IX) Claim(sl 1-12, 15, and 19-25 is/are pending in the application. 

Of the above, claim(s) --------------------- is/are withdrawn from consideration. 

D Claim(s) is/are allowed. ------------------------------
00 Claim(s) 1-12, 15, and 19-25 is/are rejected. 

D Claim(s) ------------------------------ is/are objected to. 

D Claims are subject to restriction or election requirement. 

Application Papers 

D See the attached Notice of Draftsperson's Patent Drawing Review, PT0-948. 

D The drawing(s) filed on is/are objected to by the Examiner. ---------
0 The proposed drawing correction, filed on is D approved D disapproved. ---------
0 The specification is objected to by the Examiner. 

D The oath or declaration is objected to by the Examiner. 

Priority under 35 U.S.C. § 119 

D Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(al-(d). 

D All D Some* D None of the CERTIFIED copies of the priority documents have been 

D received. 

D received in Application No. (Series Code/Serial Number) ---------
0 received in this national stage application from the International Bureau (PCT Rule 17.2(a)). 

I 

*Certified copies not received: ---------------------------------
0 Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e). 
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D Notice of References Cited, PT0-892 

IX) Information Disclosure Statement(sl, PT0-1449, Paper No(s). 19, 24,26 

D Interview Summary, PT0-413 

D Notice of Draftsperson's Patent Drawing Review, PT0-948 

D Notice of Informal Patent Application, PT0-152 
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Art Unit 1816 

1. Claims 1-12, 15 and 19-25 are pending. 

2. Claims 19-21 stand rejected under 35 U.S.C. § 112, second 
paragraph, as being indefinite for failing to particularly point 
out and distinctly claim the subject matter which applicant regards 
as the invention. 

Claims 19-21 are substantial duplicates of claim 1. There 
appears to be no difference in scope between these claims, see MPEP 
706.03(k). 

3. The following is a quotation of 35 U.S.C. § 103 which forms the 
basis for all obviousness rejections set forth in this Office 
action: 

A patent may not be obtained though the invention is not 
identically disclosed or"described as set forth in section 102 
of this title, if the differences between the subject matter 
sought to be patented and the prior art are such that the 
subject matter as a whole would have been obvious at the time 
the invention was made to a person having ordinary skill in 
the art to which said subject matter pertains. P~tentability 
shall not be negatived by the manner in which the invention 
was made. 

Subject matter developed by another person, which qualifies as 
prior art only under subsection (-f) or (g) of section 102 of 
this title, shall not preclude patentability under this 
section where the subject matter and the claimed invention 
were, at the time the invention was made, owned by the same 
person or subject to an obligation of assignment to the same 
person. 

4. This application currently names joint inventors. In 
considering patentability of the claims under 35 U.S.C. § 103, the 
~xaminer presumes that the subject matter of the various claims was 
commonly owned at the time any inventions covered therein were made 
absent any evidence to the contrary. Applicant is advised of the 
obligation under 37 C. F. R. § 1. 56 to point out , the inventor and 
invention dates of each claim that was not commonly owned at the 
time a later invention was made in order for the examiner to 
consider the applicability of potential 35 U.S.C. § 102(f) or (g) 
prior art under 35 U.S.C. § 103. 

5. Claims 1, 2, 4-12, 15, and renumbered claims 19-22 and 24-25 
stand rejected under 35 U.S.C. § 103 as being unpatentable over 
Winter [EP 0239400], Riechmann et al. [Nature 332:323-327 (1988)] 
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and Queen et al. [Proc. Natl. Acad. Sci. 86:10029-10033 (1989)], 
all of record for the same reasons set forth in paper No. 18. 

Briefly the claims are drawn to a method for producing 
humanized antibodies and humanized antibodies. Winter, teaches the 
production of altered, chimeric, antibodies by replacing the 
complementarily determining regions (CDRs), see abstract. Winter, 
teaches the requirements for CDR fusions, see page 6 to page 8, 
line 29. Particularly, page 8, lines 11-18, where Winter, teaches 
that "merely by replacing one or more CDRs with complementary CDRs 
may not always result in a functional altered antibody ..... it will 
be well within the competence of the man skilled in the art, either 
by carrying out routine experimentation or by trail and error 
testing to obtain a functional altered antibody. Note at page 8, 
last full paragraph that Winter states that framework region 
replacement · and sequence changing may be necessary to obtain a 
functional humanized antibody. On page 9, lines 13-16, Winter 
suggests that the antibodies would be of importance for use in 
human therapy. Winter, teaches a method of producing the antibody, 
see page 10, paragraph 3 to page 15, paragraph 2. Consistent with 
Winter, Riechmann et al. teach a method of reshaping human 
antibodies for therapy by CDR grafting, see whole document and 
Queen et al. teach the humanization of antibodies by CDR grafting, 
see entire document. Riechmann et al. teach altering the sequence 
of the antibody to restore packing or to increase binding affinity, 
see page 326, first column, first full paragraph. Queen et al. 
teach the use of computer modeling to assist in the production of 
humanized antibodies, specifically to predict which amino acids to 
change thereby effecting molecular interactions, note that of the 
amino acids predicted to change include those identified by 
applicant in claims 7 and 10. A person·of ordinary skill in the 

. art would have realized that dependent upon the framework region 
selected and the sequence of the CDR regions amino acid changes 
would need to be made and they would depend upon the precise amino 
acid interactions of the polypeptide. The combination of Winter, 
Riechmann et al. and Queen et al. teach a comprehensive method for 
producing humanized antibodies which include the steps outlined in 
applicant's claims. Therefore, it would have been prima facia 
obvious to a person of ordinary skill in the art at the time the 
invention was made to take the combined teachings of Winter, 
Riechmann et al. and Queen et al. to produce a method of making a 
humanized antibody and to have a humanized antibody for either 
diagnostic or therapeutic use. 

Applicant's arguments filed 6/12/95 have been fully considered 
but they are not persuasive. Applicant argues that the claimed 
invention is distinct from that taught by the above combination of 
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references because a consensus sequence is used and further 
modifications are not necessary. Applicant further argues that the 
combination of references do not teach a humanized antibody with 
reduced immunogenicity. 

Regarding the consensus sequence, the combination of references 
teach the human framework regions having a significantly high 
degree of sequence homology (conservative regions). Queen et al. 
in particular point to Kabat as demonstrating that this was known 
in the art well in advance of applicant's filing date, see 
reference 38, cited by Queen et al. In essence there is no 
functional/structural distinction from what applicant has claimed 
and that taught by the combination of references. Ex parte C, 27 
U.S.P.Q.2d 1492 (BPAI 1993). Applicants recitation of Co et al. is 
unclear, it was not used in the prior art rejection. Applicant 
then points to several other references concluding that the 
techniques of the prior art and the technique of the instant 
application are "certainly different". However, the minor 
differences between the prior art and the claimed invention are 
obvious differences. Modifications in the framework regions which 
affect the proximity or orientation of the VL-VH interface regions 
is the same as substituting that FR residue from the import regions 
that is involved in the effects set forth in paragraph (f) of claim 
1. The combination of references clearly teach reduced 
immunogenicity associated with the humanized antibody. See e.g. 
Riechmann et al. page 323, column 2, lip.es 5-8. Applicant's 
comments have been fully considered and were as a whole not found 
persuasive. 

6. Claims 1, 2, 4-12 and 15, and renumbered claims 19-22 and 24-25 
stand rejected under 35 U.S.C. § 103 as being unpatentable over 
Winter [EP 0239400], Riechmpnn et al. [Nature 332:323-327 {1988)] 
and Queen et al. [Proc. Natl. Acad. Sci. 86:10029-10033 (1989)] in 
view of In re Durden 226 U.S.P.Q. 359 (Fed. Cir. 1985), all of 
record, for the same same reasons set forth in paper No. 18. 

Briefly the claims are drawn to a method for producing 
humanized antibodies and humanized antibodies. As discussed above 
the combination of Winter, Riechmann et al. and Queen et al. teach 
humanized antibodies and methods for their production. Applicant's 
claimed invention does not appear to differ from what has 
previously known in the art. 

Applicant cites the above comments in their response to this 
rejection. 

Applicant's comments were fully considered as described above and 
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were not found persuasive, to the extent that they apply to this 
rejection. 

7. Claim 3 and renumbered claim 23 stand rejected under 35 U.S.C. 
§ 103 as being unpatentable over Winter [EP 0239400], Riechmann et 
al. [Nature 332:323-327 (1988)) and Queen et al. [Proc. Natl. Acad. 
Sci. 86:10029-10033 (1989)] as applied to claims 1, 2, 4-12 and 15 
and further in view of Raitt [Immunology, published 1985, by Gower 
Medical Publishing Ltd. (London, England) page 5.5], all of record 
for the same reasons set forth in paper No. 18. 

Briefly the claim is drawn to a method for producing humanized 
antibodies having the additional steps of searching the import 
variable domain sequence for glycosylation sites, determining if 
any such glycosylation site is reasonable expected to affect the 
antigen binding or affinity of the antibody and if so substituting 
the glycosylation site into the consensus sequence. As discussed 
above the combination of Winter, Riechmann et al. and Queen et al. 
teach humanized antibodies and methods of producing humanized 
antibodies. The combination of Winter, Riechmann et al. and Queen 
et al. do not teach the importance of carbohydrate residues. 
However, Roitt teaches that antibodies contain carbohydrate 
residues in the variable region. A person of ordinary skill in the 
art would realize that carbohydrate residues can produce steric 
modifications in the folding characteristics of polypeptides. 
Therefore it would have been prima facia obvious to a person of 
ordinary skill in the art at the time the invention was made to 
include a step in the method taught by the combination of Winter, 
Riechmann et al. and Queen et al. which determines if the presence 
of carbohydrate residues occur in the variable region that can 
affect antigen binding and then include in the antibody sequence 
the appropriate glycosylation signal, by adding the appropriate 
consensus sequence. A person of ordinary skill in the art would 
have been motivated to add the additional step of identifying 
glycosylation that may affect antigen binding to ensure that the 
antibody produced will have the appropriate binding affinity. A 
person of ordinary skill in the art would have been motivated to 
produce such an method to produce antibodies having diagnostic or 
therapeutic utility. 

The bulk of applicant's argument is that the references relied 
on in the above rejection do not render the invention obvious 
and Roitt adds nothing to these references to overcome the 
deficiency. 

From the above discussion, the references used render the claimed 
invention obvious. Roitt fulfills the deficiency of the references 
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discussed above to the extent that Roitt teaches antibodies contain 
carbohydrate residues in the variable region. A person of ordinary 
skill in the art would realize that carbohydrate residues can 
produce steric modifications in the folding characteristics of 
polypeptides. 

THE FOLLOWING REJECTIONS ARE NEW GROUNDS OF REJECTIONS 

Double Patenting 

The non-statutory double patenting rejection, whether of the 
obviousness-type or non.-obviousness-type, is based on a judicially 
created doctrine grounded in public policy (a policy reflected in 
the statute) so as to prevent the unjustified or improper timewise 
extension of the "right to exclude" granted by a patent. In re 
Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969); In re Vogel, 
422 F .2d 438, 164 USPQ 619 (CCPA 1970); In re Van Ornum, 686 
F.2d 937, 214 USPQ 761 (CCPA 1982); In re Longi, 759 F.2d 887, 225 
USPQ 645 (Fed. Cir. 1985); and In re Goodman, 29 USPQ2d 2010 (Fed. 
Cir. 1993). 

A timely filed terminal disclaimer in compliance with 37 
CFR 1. 321 (b) and (c) may be used to overcome an actual or 
provisional rejection based on a non-statutory double patenting 
ground provided the conflicting application or patent is shown to 
be corrunonly owned with this application. See 37 CFR 1.78,(d). 
Effective January 1, 1994, a registered attorney or agent of record 
may sign a terminal disclaimer. A terminal disclaimer signed by 
the assignee must fully comply with 37 CFR 3.73(b). 

8. Claims 1-12, 15 and 19-25 are provisionally rejected under the 
judicially created doctrine of obviousness-type double patenting as 
being unpatentable over claims 1-12, 15 and 19 of . copending 
application Serial No. 08/439,004. Although the conflicting claims 
are not identical, they ·are ·not patentably distinct from each other 
because the invention claimed in claims 1-12, 15 and 19 of 
copending appfication Serial No. 08/439,004 encompasses the 
invention claimed in claims 1-12, 15 and 19, of the instant 
application. 

This is a provisional obviousness-type double patenting 
rejection because the conflicting claims have not in fact been 
patented. 
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The following is a quotation of the appropriate paragraphs 
of 35 U.S.C. § 102 that form the basis for the rejections under 
this section made in this Office action: 

A person shall be entitled to a patent unless --
el the invention was described in a patent granted on an 
application for patent by another filed in the United States 
before the invention thereof by the applicant for patent, or 
on an international application by another who has fulfilled 
the requirements of paragraphs ( 1) , ( 2) , and ( 4) of section 
371 (c) of this title before the invention thereof by the 
applicant for patent. 

9. Claims 1-12, 15 and 19-25 are rejected under 35 U.S.C. 
§ 102(e) as being anticipated by U.S. Patent 5,530,101 (82). 

Claims 1-2 and 19-25: 
The '101 patent teaches methods for the production of 

humanized antibodies wherein the CDR amino acid sequences from the 
import (i.e. donor) a·re exchanged for the human (i.e. acceptor) CDR 
amino acid sequences (abstract, in particular). The '101 patent 
teaches alignment of import and human framework regions and 
selection of substituted human framework antibody residues based on 
the following effed:s; the import framework residue non-covalently 
binds antigen directly (i.e. Category three, column 14, in 
particular), interacts with a CDR (i.e. Category three or four, 
column 14-15, in particular), or participates in the VL-VH interface 
(i.e. Category 3,4 or 5, column 14-15, in particular). 

The '101 patent teaches that if a residues is exposed on the 
surface of the domain (i.e. interacts with CDR) and doesn't have 
one of the effects of step fin claim 1, then to leave the human 
residue intact (column 13-14, in particular). The term "consensus" 
has been interpreted to include the aligning of murine import 
framework residues to human acceptor framework residues, in 
addition to the aligning of all human framework resiudues · and 
compiling a single "consensus" human framework to be used as a 
template in every humanized antibody. Since "consensus" has 
limitless interpretations as vaguely defined in the specification, 
the prior art reads on the claimed invention. 

Claims 3 and 4: 
The additional step of determining whether or not a 

substituted residue is glycosylated is determined by the residue 
makeup of the import peptide, a fact well known in the art prior to 
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the invention and therefore lends no patentable import to the 
invention. 

Claim 5: 
The '101 patent teaches retaining those residues that are 

highly conserved (i.e. not rare) in the human framework region 
(Category 2 and 5, Column 14-16, in particular). 

Claims 6-8: 
'The '101 patent teaches which human and import residues are 

likely to be selected for substitution. In addition the '101 patent 
teaches corresponding import for human substitution at specific 
sites (Column 15, in particular). 

Claim 9: 
The '101 patent teaches a method employing a consensus human 

variable domain based on human variable domains and additionally 
variable domains from species other than human (Column 13, in 
particular). 

Claims 10-12: 
The '101 patent teaches a humanized antibody variable domain 

having a non-human CDR incorporated into a human antibody variable 
domain, wherein the improvement comprises~the substitution of only 
specific corresponding human and import amino acid residues (column 
15, in particular). 

Claim 15: 
The '101 patent teaches a method for engineering a humanized 

antibody comprising introducing residues from an import ant~body 
variable domain into an amino acid sequence representing - a 
consensus of mammalian antibody variable domain sequences (column· 
12-13, in particular). 

The prior 1art teachings anticipate the claimed invention. 

10. The references crossed out in the form PT0-1449 filed on 
12/3/96 are the duplicates of the references stated in the formn 
PT0-1449 filed 8/30/96. 

11. The lengthy specification has not been checked to the extent 
necessary to determine the presence of all possible minor errors. 
Applicants cooperation is requested in correcting any errors of 
which applicant may become aware of in the specification. 

12. Any inquiry concerning this communication or earlier 
communications from the examiner should be directed to Patrick 
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Nolan whose telephone number is (703) 305-1987. The examiner can 
normally be reached on Monday through Friday from 8:30 am to 4:30 
pm. 

13. If attempts to reach the examiner are unsuccessful, the 
examiner's supervisor, Christina Chan, can be reached at (703) 305-
3973. The FAX number for our group, 1816, is (703) 305-7939. lilly 
inquiry of a general nature relating to the status of this 
application or proceeding should be directed to the Group 
receptionist, whose telephone number is (703) 308-0196. 

Patrick J. Nolan, Ph.D. 
December 19, 1996 

a~c1~ 
CHRISTINA Y. CHAN 

SUPERVISORY PATENT EXAMINER 
GROUP 1800 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE ~ 
~r'\ 

In re Application of 

Paul J. Carter et al. 

Serial No.: 08/146,206 

Filed: November 17, 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

Group Art Unit: 1816 

Examiner: P. Nolan 

AMENDMENT TRANSMITTAL 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

Transmitted herewith is an amendment in the above-identified application. 

The fee has been calculated as shown below. 

Total 31 24 7 

Independent 7 10 0 

_ First Presentation of Multiple Dependent Claims 

x22 = 

x80 = 

+ 260= 

Total Fee Calculation 

No additional fee is required. 

$154.00 

$0.00 

$154.00 

X 

X 

The Commissioner is hereby authorized to charge Deposit Account No. 07-0630 in 
the amount of $154.00. A duplicate copy of this transmittal is enclosed. 
Petition for Extension of Time is enclosed. 

The Commissioner is hereby authorized to charge any additional fees required under 37 CFR 1.16 and 1.17, or 
credit overpayment to Deposit Account No. 07-0630. A duplicate copy of this sheet is enclosed. 

Date: June ~3 , 1997 

460 Pt. San 8rur,o Blvd. 
So. San Francisco, CA 94080-4990 
Phone: (415) 225-1994 
Fax: (415) 952-9881 

Respectfully submitted, 
GENENTECH, INC. 

By: p-E,~ 
Ja~tHasak 
Reg. No. 28,616 
(for Wer.dy M. Lee 
Reg. No. 40,3'78) 

Revised {10/13/961 
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Patent Docket P0709P1 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Paul J. Carter et al. 

Serial No.: 08/146,206 

Filed: November 17, 1993 

Group Art Unit: 1816 

Examiner: P. Nolan 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

PETITION AND FEE FOR THREE MONTH EXTENSION OF TIME 
(37 CFR 1.136fa)) 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

Applicant petitions the Commissioner of Patents and Trademarks to extend the time for 

response to the OFFICIAL ACTION dated 23 December 1996 for three month(s) from 23 March 1997 

to 23 June 1997. The extended time for response does not exceed the statutory period. 

Please charge Deposit Account No. 07-0630 in the amount of $930.00 to cover the cost of 

the extension. Any deficiency or overpayment should be charged or credited to this deposit account. 

A duplicate of this sheet is enclosed. 

Date: June 2 a I 1997 

460 Pt. San Bruno Blvd. 
So. San Francisco, CA 94080-4990 
Phone: ( 415) 225- ·J 994 
Fax: (415) 952-9881 

Respectfully submitted, 

GENENTECH, INC. 

By: ~E~, 
Janet Hasak 
Reg. No. 28,616 i 
(for Wendy M. Lee 
Reg. No. 40,378) ~ 

s 
i -~iS ,~ 
f 
i~ ---.. 
~te 
~~ Revised 110/17/96) 
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THE UNITED STATES PATENT AND TRADEMARK OFFICE c~ 
ation of Group Art Unit: 1816 f/ ,/ f? 

Paul J. Carter et al. 

Serial No.: 08/146,206 

Filed: 17 November 1993 

For: METHOD FOR MAKING 
HUMANIZED ANTIBODIES 

Examiner: P. Nolan 

AMENDMENT UNDER 37 C.F.R. §1.111 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

In response to the Office Action dated December 23, 1996, the period for response having been 

extended as a result of the enclosed Petition for a three-month Extension of Time and requisite fee, 

Applicants respectfully request reconsideration of the above-identified application in view of the 

following amendments and remarks. 

IN THE CLAIMS: 

1. (Twice Amended) A method for making a h anized antibody comprising amino acid 

sequences of a non-human, import antibod nd a human antibody, comprising the steps 

of: 

(a) obtaining the amino acid sequ ces of at least a portion of an import heavy chain 

(b) 

import variable do ain and the consensus human variable domain; 

(c} substituting an i port CDR amino acid sequence for the corresponding cortnsus 

human CDR mino acid sequence; i 
I 
!a ,~ 
f 

-i~ --~c:; 
e,ti.... 
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(d) aligning the amino acid sequences of a Framework Region 

variable domain and a corresponding FR of the consensus hu 

) of the import 

(e) identifying import FR residues in the aligned FR s quences that are non

homologous to the corresponding consensus FR resi es; 

(f) determining if the non-homologous import FR resid e is expected to have at least 

one of the following effects: 

(1) non-covalently binds antigen directly:[, 

(2) interacts with a CDR; or 

(3) participates in the VL - VH interface y affecting the proximity or orientation of 

the V L and V H regions with res ct to one another; and 

(g) for any non-homologous import FR r sidue which is expected to have at least one 

of these effects, substituting that r sidue for the corresponding amino acid residue 

in the consensus FR . 

6. (Twice Amended) The method f clai herein the corresponding consensus FR 

residues substituted in step (g) are sel ted from the group consisting of 4L, [35L,] 36L 38L, 43L, 

44L, 46L, 58L, 62L [64L,] 65L, 66L, 7L, 68L, 69L, 70L, [71 L,] 73L, 85L, 87L, 98L, 2H, 4H, 24H, 

36H, 37H 39H, 43H, 45H, 49H, H 69H, 70H, 73H, 74H, 75H, 76H, [and] 78H and 92H. 

7. (Twice Amended) A thod comprising providing at least a portion of an import, non-human 

heavy chain variable doma· amino acid sequence having a ComplementariJy Determining Region 

Y- /'{_ (CDR) and a Framewor egion (FR}, obtaining the amino acid sequence of at least a portion of 

V · a consensus human v ·able domain of a human heavy chain immunoglobulin subgrciup having a 

CDR and a FR, sub tituting the non-human CDR for the human CDR in the consensus human 

variable domain, a d substituting a non-human amino acid residue for the consensus amino acid 

residue at at lea t one of the following sites: 

4L, [35L,] 36L BL, 43L, 44L, 46L, 58L, 62L [64L,] 65L, 66L, 67L, 68L, 69L, 70L, [71 L,] 73L, 

85L, 87L, 98 , 2H, 4H, 24H, 36H, 37H 39H, 43H, 45H, 49H, 69H, 68H 70H, 73H, 74H, 75H, 

76H, [and] 
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Please cancel claim 9, without prejudice. 

1 O. {Twice Ame ded) A humanized antibody variable domain having a non-human 

Complementarity De rmining Region (CDR) incorporated into a [consensus] human antibody 

~ \variable domain, wher in an [human] amino acid residue has been substituted [by a non-] for the 

human amino acid resi ue at a site selected from the group consisting of: 

·'P4L, [35L,) 36L 38L, 43L, 44L, 46L, 58L, 62L [64L,J 65L, 66L, 67L, 68L, 69L, 70L, [71L,J 73L, 

85L, 87L 98L, 2H, 4H, 2 H, 36H, 37H 39H, 43H, 45H, 49H, 68H. 69H, 70H, 73H, 74H, 75H, 

76H, [and] 78H and 92H. 

15. {Twice Amended) A method for en · 1e1ring a humanized antibody comprising 

introducing amino acid residues from a n-t\~~n, import heavy chain variable domain into 2 

consensus human variable domain o humah heavy chain immunoglobulin subgroup. 

,-- / 

Please cancel claims 19-21, without prejudice. 

22. {Amended) A humanized antibody omprising a consensus human variable domain of a 

human heavy chain immunoglobulin s grou)\ wherein the amino acid residues forming the 

Complementarn.y Determining Regio s {C'ro'Rs) thereof comprise non~human import antibody 

amino acid residues. 

In claim 25, line 1, please replace "abo~-about 5--. 

Please add the following claims: 

-26. The humanized antibody of claim 2 ierein the human heavy chain immunoglobulin 

subgroup is VH subgroup Ill. 

0 
The humanized antibody o claim 26 wherein the consensus human variable domain 27. 

comprises the amino acid seq nee of SEQ ID N0:4. 

J 

I 
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28. The humanized antibody of claim 22 further comprising a consensus man light chain 

variable domain comprising the amino acid sequence of SEQ ID N0:3 whe ein the amino acid 

residues forming the CDRs of the light chain variable domain comprise n 

antibody amino acid residues. 

29. The humanized antibody of claim 23 wherein the FR resid e noncovalently binds antigen 

~ directly. 

30. The humanized antibody of claim 23 wherein the 
~ 

residue interacts with a CDR. 

31. The humanized antibody of claim 23 wherei the FR residue comprises a glycosylation 

site which affects the antigen binding or affinity o he antibody. 

32. The humanized antibody of claim 23 , herein the FR residue participates in the VL-VH 

interface by affecting the proximity or orie tation of the V L and V H regions with respect to one 

another. ~ 

33. The humanized antibody a claim 22 which comprises one or more CDR residues from 

the consensus human variable 

34. ody of claim 22 which binds antigen more tightly than the non-

human antibody. 

35. antibody of claim 22 which mediates antigen dependent cellular 

cytotoxicity (ADCC o a greater extent than the non-human antibody. 

36. The hu anized antibody of claim 35 which is an lgG. 

37. The umanized antibody of claim 36 which has an lgGy1 constant region, wherein 

residue 3 9 of the constant region is D and residue 361 of the constant region is L. 
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38. A method for making a humanized antibody comprising amino acid sequences of a non-

human antibody and of a human antibody, comprisi{g the steps of aligning the amino acid 

sequence of a Framework Region (FR) of~-human antibody and the corresponding amino 

acid sequence of a FR of the human antibodr, tentifying non-human antibody residue(s) in the 

aligned FR sequences that are n~o1"¥s\to the corresponding human antibody 

residue(s); and if any such non- omologous residue(s) is/are exposed on the surface of the 

variable domain, providing e corresponding human antibody residue(s) in the humanized 

antibody.--

REMARKS 

Amendments 

Claims 1, 7, 15 and 22 have been revised herein to refer to a consensus human variable 

domain of a "human heavy chain immunoglobulin subgroup," as supported, for example, on 

page 15, lines 18-25 and page 64, line 33 through to page 65, line 2 of the specification. Basis 

for heavy chain variable domain in claims 1, 7 and 15 is found on at least page 11, line 9 of the 

specification. Claims 6, 7 and 10 have been amended to include FR supstitutions as in the 

claims as originally filed. Claim 1 O has been amended to have wording as in the claim as 

originally filed, and basis for the revision to claim 25 is found, for examp,le, in Table 3 in 

Example 1. 

Claims 26-38 have been added herein and find basis at least as follows: claims 26 and 27 

(page 15, lines 18-25 and page 64, line 33 through to page 65, line 2); claim 28 (page 15, lines 

18-21}; claims 29-32 {part f of claim 1 and originally filed, now canceled claim 3); claim 33 

(page 27, lines 1-8; page 27 lines 8-9 and page 65, lines 5-9); claim 34 (page 68, lines 25-27 

and Table 3 on page 65 with respect to Kd values for the murine antibody and two humanized 

variants huMAb4D5-6 and huMAb4D5-8); claim 35 (page 69, lines 32-34 and Table 4 on page 

74); claim 36 (page 11, lines 11-14); claim 37 (page 65, line 29 through to page 66, line 1); and 

claim 38 (claims 1 and 10, and originally filed, now canceled claim 2). 

In that the amendments do not introduce new matter, their entry is respectfully requested. 

BIOEPIS EX. 1002 
Page 2498



Serial No. 08/146,206 
Page6 

• 
Section 112, second paragraph 

• 
Claims 19-21 are rejected under 35 USC §112, second paragraph, as s1.;1bstantial duplicates of 

claim 1. In the interest of expediting examination, and without acquiescing in the rejection, 

claims 19-21 have been canceled, thus rendering this rejection moot. 

§103 

Claims 1, 2, 4-12, 15 and renumbered claims 19-22 and 24-25 stand rejected under 35 USC 

§103 as unpatentable over EP239,400A2 (Winter patent application); Riechmann et al. Nature 

332:323-327 (1988); and Queen et al. PNAS, USA 86:10029-10033 (1989). The Examiner 

states that Applicants' arguments filed 6/12/95 are not considered to be persuasive. Concerning 

the consensus sequence, the Examiner alleges that "the combination of references teach [theJ 

human framework regions having a significantly high degree of sequence homology 

(conservative regions)" and states that Queen et al. point to Kabat as demonstrating that this 

was known in the art. The Examiner urges that "In essence there is no functional/structural 

distinction from what applicant has claimed and that taught by the combination of references." 

The Examiner contends that modifications in the framework regions which affect the proximity or 

orientation of the VL-VH interface regions are the same as substituting that FR residue from the 

import regions that is involved in the effects set forth in paragraph (f) of claim 1. According to 

the Examiner, the references, e.g., Riechmann et al., teach reduced immunogenicity associated 

with the humanized antibody. 

Applicants respectfully traverse this rejection as it may apply to the claims as amended herein. 

With respect to the cited references, Applicants point out that the Winter patent application fails 

to disclose or suggest the use of a consensus human variable domain in antibody humanization. 

On the contrary, the heavy chain framework region of the humanized B1-8 antibody of Example 

1 and of the humanized anti-lysozyme antibody D1 .3 of Example 2 was derived from the human 

myeloma heavy chain NEWM (see page 17, lines 1-2 and lines 9-10 on page 26), which was 

chosen because the crystallographic structure thereof was known (see page 17, lines 2-3). The 

light chains of the 81-8 and D1 .3 antibodies were never humanized in EP 239,400 A2. 
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Furthermore, only the CDRs were transferred in the Examples of this patent application; none of 

the non-human FR residues were incorporated into the engineered molecule. 

Using the same strategy as disclosed in the Winter patent application, Riechmann and his 

colleagues made a humanized heavy chain variable domain which had the framework regions of 

human NEWM alternating with the CDRs of the rat CAMPATH-1 antibody. Thus, the same 

heavy chain framework region as disclosed in the Winter patent application was used once 

again, in view of the availability of a crystallographic structure for it (see page 325, second to last 

paragraph of Riechmann et al.). In this respect, Riechmann et al. fails to disclose or suggest the 

use of a "consensus human variable domain of a human heavy chain immunoglobulin subgroup" 

(e.g., human heavy chain immunoglobulin VH subgroup Ill (claim 26) having the amino acid 

sequence of SEQ ID N0:4 (claim 27), for example) for providing the framework region of the 

heavy chain variable domain of the humanized antibody. For humanization of the light chain of 

the rat CAMPATH-1 antibody, Riechmann et al. states that a framework sequence based on the 

human REI light chain variable domain (for which a crystallographic structure was available) was 

used (see, Figure 1 legend and page 325, second column). Applicants have now learnt that the 

humanized light chain gene of the CAMPATH-1 antibody in Riechmann et al. was converted 

from an anti-lysozyme construct (see page 108 of Foote, J., Nova acta Leopoldina NF 

61(269):103-110 (1989), of record). Foote's anti-lysozyme construct was prepared by combining 

CDR sequences from the kappa light chain of the anti-lysozyme antibody with consensus human 

kappa frameworks (see page 106, third paragraph of Foote, supra). 

Queen et al. teaches that human framework regions used in humanization must be chosen to 

maximize homology with the murine antibody in order to avoid introducing "distortions into the 

CDRs" (see page 10031, column 2, paragraph 2). Using their "best-fit" approach, Queen et al. 

used the heavy and light chain variable regions of the human Eu antibody to form the framework 

of their humanized anti-Tac antibody. There is no mention of a consensus human variable 

domain for providing the framework region of the humanized antibody. In fact, Queen et al. 

taught away from the instantly claimed invention, in that they proposed that the framework region 

sequence of the humanized antibody be derived from a single human antibody amino acid 

sequence which was as homologous as possible to the non-human sequence to be humanized. 
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