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ABSTRACT 

Variant immunoglobulins, particularly humanized antibody 
polypeptides are provided, along With methods for their 
preparation and use. Consensus immunoglobulin sequences 
and structural models are also provided. 
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METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

[0001] This is a continuation application of Us. Ser. No. 
10/835,641 ?led Apr. 30, 2004, Which is a continuation of 
Us. Ser. No. 09/705,398 ?led Nov. 2, 2000 (noW U.S. Pat. 
No. 6,800,738), Which is a divisional of Us. Ser. No. 
08/146,206 ?led Nov. 17, 1993 (noW U.S. Pat. No. 6,407, 
213) Which is a 371 of PCT/US92/05126 ?led Jun. 15, 1992 
Which is a CIP of 07/715,272 ?led Jun. 14, 1991 (aban 
doned), the disclosures of Which are incorporated herein by 
reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to methods for the prepara 
tion and use of variant antibodies and ?nds application 
particularly in the ?elds of immunology and cancer diag 
nosis and therapy. 

BACKGROUND OF THE INVENTION 

[0003] Naturally occurring antibodies (immunoglobulins) 
comprise tWo heavy chains linked together by disul?de 
bonds and tWo light chains, one light chain being linked to 
each of the heavy chains by disul?de bonds. Each heavy 
chain has at one end a variable domain (V H) folloWed by a 
number of constant domains. Each light chain has a variable 
domain (V L) at one end and a constant domain at its other 
end; the constant domain of the light chain is aligned With 
the ?rst constant domain of the heavy chain, and the light 
chain variable domain is aligned With the variable domain of 
the heavy chain. Particular amino acid residues are believed 
to form an interface betWeen the light and heavy chain 
variable domains, see eg Chothia et al., J. Mol. Biol. 
186:651-663 (1985); Novotny and Haber, Proc. Natl. Acad. 
Sci. USA 82:4592-4596 (1985). 

[0004] The constant domains are not involved directly in 
binding the antibody to an antigen, but are involved in 
various effector functions, such as participation of the anti 
body in antibody-dependent cellular cytotoxicity. The vari 
able domains of each pair of light and heavy chains are 
involved directly in binding the antibody to the antigen. The 
domains of natural light and heavy chains have the same 
general structure, and each domain comprises four frame 
Work (FR) regions, Whose sequences are someWhat con 
served, connected by three hyper-variable or complementa 
rity determining regions (CDRs) (see Kabat, E. A. et al., 
Sequences of Proteins of Immunological Interest, National 
Institutes of Health, Bethesda, Md., (1987)). The four frame 
Work regions largely adopt a [3-sheet conformation and the 
CDRs form loops connecting, and in some cases forming 
part of, the [3-sheet structure. The CDRs in each chain are 
held in close proximity by the framework regions and, With 
the CDRs from the other chain, contribute to the formation 
of the antigen binding site. 

[0005] Widespread use has been made of monoclonal 
antibodies, particularly those derived from rodents including 
mice, hoWever they are frequently antigenic in human 
clinical use. For example, a major limitation in the clinical 
use of rodent monoclonal antibodies is an anti-globulin 
response during therapy (Miller, R. A. et al., Blood 62:988 
995 (1983); Schro?“, R. W. et al., Cancer Res. 45:879-885 
(1985)). 
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[0006] The art has attempted to overcome this problem by 
constructing “chimeric” antibodies in Which an animal anti 
gen-binding variable domain is coupled to a human constant 
domain (Cabilly et al., U.S. Pat. No. 4,816,567; Morrison, S. 
L. et al., Proc. Natl. Acad. Sci. USA 81:6851-6855 (1984); 
Boulianne, G. L. et al., Nature 312:643-646 (1984); Neu 
berger, M. S. et al., Nature 314:268-270 (1985)). The term 
“chimeric” antibody is used herein to describe a polypeptide 
comprising at least the antigen binding portion of an anti 
body molecule linked to at least part of another protein 
(typically an immunoglobulin constant domain). 

[0007] The isotype of the human constant domain may be 
selected to tailor the chimeric antibody for participation in 
antibody-dependent cellular cytotoxicity (ADCC) and 
complement-dependent cytotoxicity (see eg Briiggemann, 
M. et al., J. Exp. Med. 166:1351-1361 (1987); Riechmann, 
L. et al., Nature 332:323-327 (1988); Love et al., Methods 
in Enzymology 178:515-527 (1989); Bindon et al., J. Exp. 
Med. 168:127-142 (1988). 

[0008] In the typical embodiment, such chimeric antibod 
ies contain about one third rodent (or other non-human 
species) sequence and thus are capable of eliciting a sig 
ni?cant anti-globulin response in humans. For example, in 
the case of the murine anti-CD3 antibody, OKT3, much of 
the resulting anti-globulin response is directed against the 
variable region rather than the constant region (Jalfers, G. J. 
et al., Transplantation 411572-578 (1986)). 

[0009] In a further effort to resolve the antigen binding 
functions of antibodies and to minimize the use of heter 
ologous sequences in human antibodies, Winter and col 
leagues (Jones, P. T. et al., Nature 321:522-525 (1986); 
Riechmann, L. et al., Nature 332:323-327 (1988); Verho 
eyen, M. et al., Science 239:1534-1536 (1988)) have sub 
stituted rodent CDRs or CDR sequences for the correspond 
ing segments of a human antibody. As used herein, the term 
“humanized” antibody is an embodiment of chimeric anti 
bodies Wherein substantially less than an intact human 
variable domain has been substituted by the corresponding 
sequence from a non-human species. In practice, humanized 
antibodies are typically human antibodies in Which some 
CDR residues and possibly some FR residues are substituted 
by residues from analogous sites in rodent antibodies. 

[0010] The therapeutic promise of this approach is sup 
ported by the clinical ef?cacy of a humanized antibody 
speci?c for the CAMPATH-l antigen With tWo non-Hodgkin 
lymphoma patients, one of Whom had previously developed 
an anti-globulin response to the parental rat antibody (Riech 
mann, L. et al., Nature 332:323-327 (1988); Hale, G. et al., 
Lancet i:1394-1399 (1988)). A murine antibody to the inter 
leukin 2 receptor has also recently been humanized (Queen, 
C. et al., Proc. Natl. Acad. Sci. USA 86:10029-10033 (1989)) 
as a potential immunosuppressive reagent. Additional ref 
erences related to humanization of antibodies include Co et 
al., Proc. Natl. Acad. Sci. USA 88:2869-2873 (1991); Gor 
man et al., Proc. Natl. Acad. Sci. USA 88:4181-4185 (1991); 
Daugherty et al., Nucleic Acids Research 19(9):2471-2476 
(1991); BroWn et al., Proc. Natl. Acad. Sci. USA 88:2663 
2667 (1991); 
[0011] Junghans et al., Cancer Research 50:1495-1502 
(1990). 
[0012] In some cases, substituting CDRs from rodent 
antibodies for the human CDRs in human frameWorks is 
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sufficient to transfer high antigen binding af?nity (Jones, P. 
T. et al., Nature 321:522-525 (1986); Verhoeyen, M. et al., 
Science 239:1534-1536 (1988)), Whereas in other cases it 
has been necessary to additionally replace one (Riechmann, 
L. et al., Nature 332:323-327 (1988)) or several (Queen, C. 
et al., Proc. Natl. Acad. Sci. USA 86:10029-10033 (1989)) 
framework region (FR) residues. See also Co et al., supra. 

[0013] For a given antibody a small number of FR resi 
dues are anticipated to be important for antigen binding. 
Firstly for example, certain antibodies have been shoWn to 
contain a feW FR residues Which directly contact antigen in 
crystal structures of antibody-antigen complexes (e.g., 
revieWed in Davies, D. R. et al., Ann. Rev. Biochem. 59:439 
473 (1990)). Secondly, a number of FR residues have been 
proposed by Chothia, Lesk and colleagues (Chothia, C. & 
Lesk, A. M., J. Mol. Biol. 196:901-917 (1987); Chothia, C. 
et al., Nature 342:877-883 (1989); Tramontano, A. et al., J. 
Mol. Biol. 215:175-182 (1990)) as critically affecting the 
conformation of particular CDRs and thus their contribution 
to antigen binding. See also Margolies et al., Proc. Natl. 
Acad. Sci. USA 72:2180-2184 (1975). 

[0014] It is also knoWn that, in a feW instances, an anti 
body variable domain (either VH or VL) may contain gly 
cosylation sites, and that this glycosylation may improve or 
abolish antigen binding, Pluckthun, Biotechnology 9:545-51 
(1991); Spiegelberg et al., Biochemistry 9:4217-4223 
(1970); Wallic et al., J. Exp. Med. 168:1099-1109 (1988); 
Sox et al., Proc. Natl. Acad. Sci. USA 66:975-982 (1970); 
Margni et al., Ann. Rev. Immunol. 6:535-554 (1988). Ordi 
narily, hoWever, glycosylation has no in?uence on the anti 
gen-binding properties of an antibody, Pluckthun, supra, 
(1991). 

[0015] The three-dimensional structure of immunoglobu 
lin chains has been studied, and crystal structures for intact 
immunoglobulins, for a variety of immunoglobulin frag 
ments, and for antibody-antigen complexes have been pub 
lished (see e.g., Saul et al., Journal ofBiological Chemistry 
25:585-97 (1978); Sheriff et al., Proc. Natl. Acad. Sci. USA 
84:8075-79 (1987); Segal et al., Proc. Natl. Acad. Sci. USA 
71:4298-4302 (1974); Epp et al., Biochemistry 14(22):4943 
4952 (1975); Marquart et al, J. Mol. Biol. 141:369-391 
(1980); Furey et al., J. Mol. Biol. 167:661-692 (1983); SnoW 
and Amzel, Protein: Structure, Function, and Genetics 
1:267-279, Alan R. Liss, lnc. pubs. (1986); Chothia and 
Lesk, J. Mol. Biol. 196:901-917 (1987); Chothia et al., 
Nature 342:877-883 (1989); Chothia et al., Science 2331755 
58 (1986); Huber et al., Nature 264:415-420 (1976); Bruc 
coleri et al., Nature 335:564-568 (1988) and Nature 336:266 
(1988); Sherman et al., Journal of Biological Chemistry 
263:4064-4074 (1988); Amzel and Poljak, Ann. Rev. Bio 
chem. 48:961-67 (1979); Silverton et al., Proc. Natl. Acad. 
Sci. USA 74:5140-5144 (1977); and Gregory et al., Molecu 
lar Immunology 24:821-829 (1987). It is knoWn that the 
function of an antibody is dependent on its three dimen 
sional structure, and that amino acid substitutions can 
change the three-dimensional structure of an antibody, SnoW 
and Amzel, supra. It has previously been shoWn that the 
antigen binding af?nity of a humanized antibody can be 
increased by mutagenesis based upon molecular modelling 
(Riechmann, L. et al., Nature 332:323-327 (1988); Queen, 
C. et al., Proc. Natl. Acad. Sci. USA 86:10029-10033 

(1989)). 
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[0016] Humanizing an antibody With retention of high 
af?nity for antigen and other desired biological activities is 
at present dif?cult to achieve using currently available 
procedures. 
[0017] Methods are needed for rationalizing the selection 
of sites for substitution in preparing such antibodies and 
thereby increasing the efficiency of antibody humanization. 

[0018] The proto-oncogene HER2 (human epidermal 
groWth factor receptor 2) encodes a protein tyrosine kinase 
(p185HER2) that is related to and someWhat homologous to 
the human epidermal groWth factor receptor (see Coussens, 
L. et al., Science 230:1132-1139 (1985); Yamamoto, T. et al., 
Nature 319:230-234 (1986); King, C. R. et al., Science 
229:974-976 (1985)). HER2 is also knoWn in the ?eld as 
c-erbB-2, and sometimes by the name of the rat homolog, 
neu. Ampli?cation and/or overexpression of HER2 is asso 
ciated With multiple human malignancies and appears to be 
integrally involved in progression of 25-30% of human 
breast and ovarian cancers (Slamon, D. J. et al., Science 
235:177-182 (1987), Slamon, D. J. et al., Science 2441707 
712 (1989)). Furthermore, the extent of ampli?cation is 
inversely correlated With the observed median patient sur 
vival time (Slamon, supra, Science 1989). 

[0019] The murine monoclonal antibody knoWn as 
muMAb4D5 (Fendly, B. M. et al., Cancer Res. 50:1550 
1558 (1990)), directed against the extracellular domain 
(ECD) of p185HER2, speci?cally inhibits the groWth of 
tumor cell lines overexpressing p185HER2 in monolayer 
culture or in soft agar (Hudziak, R. M. et al., Molec. Cell. 
Biol. 911165-1172 (1989); Lupu, R. et al., Science 249: 1552 
1555 (1990)). MuMAb4D5 also has the potential of enhanc 
ing tumor cell sensitivity to tumor necrosis factor, an impor 
tant effector molecule in macrophage-mediated tumor cell 
cytotoxicity (Hudziak, supra, 1989; Shepard, H. M. and 
LeWis, G. D. J. Clinical Immunology 81333-395 (1988)). 
Thus muMAb4D5 has potential for clinical intervention in 
and imaging of carcinomas in Which p185HER2 is overex 
pressed. The muMAb4D5 and its uses are described in PCT 
application WO 89/06692 published 27 Jul. 1989. This 
murine antibody Was deposited With the ATCC and desig 
nated ATCC CRL 10463. HoWever, this antibody may be 
immunogenic in humans. 

[0020] It is therefore an object of this invention to provide 
methods for the preparation of antibodies Which are less 
antigenic in humans than non-human antibodies but have 
desired antigen binding and other characteristics and activi 
ties. 

[0021] It is a further object of this invention to provide 
methods for the efficient humanization of antibodies, i.e. 
selecting non-human amino acid residues for importation 
into a human antibody background sequence in such a 
fashion as to retain or improve the affinity of the non-human 
donor antibody for a given antigen. 

[0022] 
humanized antibodies capable of binding p18 

[0023] Other objects, features, and characteristics of the 
present invention Will become apparent upon consideration 
of the folloWing description and the appended claims. 

SUMMARY OF THE INVENTION 

[0024] The objects of this invention are accomplished by 
a method for making a humanized antibody comprising 

It is another object of this invention to provide 
5HER2 
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amino acid sequence of an import, non-human antibody and 
a human antibody, comprising the steps of: 

[0025] a. obtaining the amino acid sequences of at least 
a portion of an import antibody variable domain and of 
a consensus variable domain; 

[0026] b. identifying Complementarity Determining 
Region (CDR) amino acid sequences in the import and 
the human variable domain sequences; 

[0027] c. substituting an import CDR amino acid 
sequence for the corresponding human CDR amino 
acid sequence; 

[0028] d. aligning the amino acid sequences of a Frame 
Work Region (PR) of the import antibody and the 
corresponding PR of the consensus antibody; 

[0029] e. identifying import antibody FR residues in the 
aligned FR sequences that are non-homologous to the 
corresponding consensus antibody residues; 

[0030] f. determining if the non-homologous import 
amino acid residue is reasonably expected to have at 
least one of the folloWing effects: 

[0031] 
[0032] 2. interacts With a CDR; or 

[0033] 3. participates in the VL-VH interface; and 

l. non-covalently binds antigen directly, 

[0034] g. for any non-homologous import antibody 
amino acid residue Which is reasonably expected to 
have at least one of these effects, substituting that 
residue for the corresponding amino acid residue in the 
consensus antibody FR sequence. 

[0035] Optionally, the method of this invention comprises 
the additional steps of determining if any non-homologous 
residues identi?ed in step (e) are exposed on the surface of 
the domain or buried Within it, and if the residue is exposed 
but has none of the effects identi?ed in step (f), retaining the 
consensus residue. 

[0036] Additionally, in certain embodiments the method 
of this invention comprises the feature Wherein the corre 
sponding consensus antibody residues identi?ed in step (e) 
above are selected from the group consisting of 4L, 35L, 
36L, 38L, 43L, 44L, 46L, 58L, 62L, 63L, 64L, 65L, 66L, 
67L, 68L, 69L, 70L, 71L, 73L, 85L, 87L, 98L, 2H, 4H, 24H, 
36H, 37H, 39H, 43H, 45H, 49H, 58H, 60H, 67H, 68H, 69H, 
70H, 73H, 74H, 75H, 76H, 78H, 91H, 92H, 93H, and l03H 
(utilizing the numbering system set forth in Kabat, E. A. et 
al., Sequences of Proteins of Immunological Interest 
(National Institutes of Health, Bethesda, Md., 1987)). 

[0037] In certain embodiments, the method of this inven 
tion comprises the additional steps of searching either or 
both of the import, non-human and the consensus variable 
domain sequences for glycosylation sites, determining if the 
glycosylation is reasonably expected to be important for the 
desired antigen binding and biological activity of the anti 
body (i.e., determining if the glycosylation site binds to 
antigen or changes a side chain of an amino acid residue that 
binds to antigen, or if the glycosylation enhances or Weakens 
antigen binding, or is important for maintaining antibody 
af?nity). If the import sequence bears the glycosylation site, 
it is preferred to substitute that site for the corresponding 
residues in the consensus human if the glycosylation site is 
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reasonably expected to be important. If only the consensus 
sequence, and not the import, bears the glycosylation site, it 
is preferred to eliminate that glycosylation site or substitute 
therefor the corresponding amino acid residues from the 
import sequence. 

[0038] Another embodiment of this invention comprises 
aligning import antibody and the consensus antibody FR 
sequences, identifying import antibody FR residues Which 
are non-homologous With the aligned consensus FR 
sequence, and for each such non-homologous import anti 
body FR residue, determining if the corresponding consen 
sus antibody residue represents a residue Which is highly 
conserved across all species at that site, and if it is so 
conserved, preparing a humanized antibody Which com 
prises the consensus antibody amino acid residue at that site. 

[0039] Certain alternate embodiments of the methods of 
this invention comprise obtaining the amino acid sequence 
of at least a portion of an import, non-human antibody 
variable domain having a CDR and a PR, obtaining the 
amino acid sequence of at least a portion of a consensus 
antibody variable domain having a CDR and a PR, substi 
tuting the non-human CDR for the human CDR in the 
consensus antibody variable domain, and then substituting 
an amino acid residue for the consensus amino acid residue 
at at least one of the folloWing sites: 

[0040] a. (in the PR of the variable domain of the light 
chain) 4L, 35L, 36L, 38L, 43L, 44L, 58L, 46L, 62L, 
63L, 64L, 65L, 66L, 67L, 68L, 69L, 70L, 71L, 73L, 
85L, 87L, 98L, or 

[0041] b. (in the PR of the variable domain of the heavy 
chain) 2H, 4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H, 
58H, 60H, 67H, 68H, 69H, 70H, 73H, 74H, 75H, 76H, 
78H, 91H, 92H, 93H, and 103H. 

In preferred embodiments, the non-CDR residue substi 
tuted at the consensus FR site is the residue found at the 
corresponding location of the non-human antibody. 

[0042] Optionally, this just-recited embodiment comprises 
the additional steps of folloWing the method steps appearing 
at the beginning of this summary and determining Whether 
a particular amino acid residue can reasonably be expected 
to have undesirable effects. 

[0043] This invention also relates to a humaniZed antibody 
comprising the CDR sequence of an import, non-human 
antibody and the FR sequence of a human antibody, Wherein 
an amino acid residue Within the human FR sequence 
located at any one of the sites 4L, 35L, 36L, 38L, 43L, 44L, 
46L, 58L, 62L, 63L, 64L, 65L, 66L, 67L, 68L, 69L, 70L, 
71L, 73L, 85L, 87L, 98L, 2H, 4H, 24H, 36H, 37H, 39H, 
43H, 45H, 49H, 58H, 60H, 67H, 68H, 69H, 70H, 73H, 74H, 
75H, 76H, 78H, 91H, 92H, 93H, and 103H has been 
substituted by another residue. In preferred embodiments, 
the residue substituted at the human FR site is the residue 
found at the corresponding location of the non-human 
antibody from Which the non-human CDR Was obtained. In 
other embodiments, no human FR residue other than those 
set forth in this group has been substituted. 

[0044] This invention also encompasses speci?c human 
iZed antibody variable domains, and isolated polypeptides 
having homology With the folloWing sequences. 
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[0045] 1. SEQ. ID NO. 1, Which is the light chain variable 
domain of a humanized version of muMAb4D5: 

DIQMTQSPSSLSASVGDRVTITCRASQDV'NTAVAWYQQKPGKAPKLLIYS 
ASFLESGVPSRFSGSRSGTDFTLTISSLQPEDFATYYCQQHYTTPPTFGQ 
GTKVEIKRT 

[0046] 2. SEQ. ID NO. 2, Which is the heavy chain 
variable domain of a humanized version of muMAb4D5): 

[0047] In another aspect, this invention provides a con 
sensus antibody variable domain amino acid sequence for 
use in the preparation of humaniZed antibodies, methods for 
obtaining, using, and storing a computer representation of 
such a consensus sequence, and computers comprising the 
sequence data of such a sequence. In one embodiment, the 
following consensus antibody variable domain amino acid 
sequences are provided: 

SEQ. ID NO. 3 (light chain) : 
DIQMTQSPSSLSASVGDRVTITCRASQDVSSYLAWYQQKPGKAPKLLIYA 
ASSLESGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQYNSLPYTFGQ 
GTKVEIKRT, 
and 

SEQ. ID NO. 4 (heavy chain) : 
EVQLVESGGGLVQPGGSLRLSCAASGFTFSDYAMSWVRQAPGKGLEWVAV 
ISENGSDTYYADSVKGRFTISRDDSKNTLYLQMNSLRAEDTAVYYCARDR 
GGAVSYFDVWGQGTLVTVSS 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0048] FIG. 1A shoWs the comparison of the VL domain 
amino acid residues of muMAb4D5, huMAb4D5-5, and a 
consensus sequence (FIG. 1A, SEQ. ID NO. 5, SEQ. ID NO. 
1 and SEQ. ID NO. 3, respectively). FIG. 1B shoWs the 
comparison betWeen the VH domain amino acid residues of 
the muMAb4D5, huMAb4D5-5, and a consensus sequence 
(FIG. 1B, SEQ. ID NO. 6, SEQ. ID NO. 2 and SEQ. ID NO. 
4, respectively). Both FIGS. 1A and 1B use the generally 
accepted numbering scheme from Kabat, E. A., et al., 
Sequences of Proteins of Immunological Interest (National 
Institutes of Health, Bethesda, Md. (1987)). In both FIG. 1A 
and FIG. 1B, the CDR residues determined according to a 
standard sequence de?nition (as in Kabat, E. A. et al., 
Sequences of Proteins of Immunological Interest (National 
Institutes of Health, Bethesda, Md., 1987)) are indicated by 
the ?rst underlining beneath the sequences, and the CDR 
residues determined according to a structural de?nition (as 
in Chothia, C. & Lesk, A. M., J. Mol. Biol. 196:901-917 
(1987)) are indicated by the second, loWer underlines. The 
mismatches betWeen genes are shoWn by the vertical lines. 

[0049] FIG. 2 shoWs a scheme for humaniZation of 
muMAb4D5 VL and VH by gene conversion mutagenesis. 
[0050] FIG. 3 shoWs the inhibition of SK-BR-3 prolifera 
tion by MAb4D5 variants. Relative cell proliferation Was 
determined as described (HudZiak, R. M. et al., Molec. Cell. 
Biol. 911165-1172 (1989)) and data (average of triplicate 
determinations) are presented as a percentage of results With 
untreated cultures for muMAb4D5 (O), huMAb4D5-8 (o) 
and huMAb4D5-1 (El). 
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[0051] FIG. 4 shoWs a stereo vieW of a-carbon tracing for 
a model of huMAb4D5-8 VL and VH. The CDR residues 
(Kabat, E. A. et al., Sequences ofProteins ofImmunological 
Interest (National Institutes of Health, Bethesda, Md., 
1987)) are shoWn in bold and side chains of VH residues 
A71, T73, A78, S93, Y102 and VL residues Y55 plus R66 
(see Table 3) are shoWn 

[0052] FIG. 5 shoWs an amino acid sequence comparison 
of VL (top panel) and VH (loWer panel) domains of the 
murine anti-CD3 monoclonal Ab UCHT1 (muxCD3, 
Shalaby et al., J. Exp. Med. 175, 217-225 (1992) With a 
humaniZed variant of this antibody huxCD3v1. Also shoWn 
are consensus sequences (most commonly occurring residue 
or pair of residues) of the most abundant human subgroups, 
namely VL K 1 and VH III upon Which the humaniZed 
sequences are based (Kabat, E. A. et al., Sequences of 
Proteins of Immunological Interest, 5th edition, National 
Institutes of Health, Bethesda, Md., USA (1991)). The light 
chain sequencesimuxCD3, huxCD3v1 and huKIicorre 
spond to SEQ.ID.NOs 16, 17, and 18, respectively. The 
heavy chain sequencesimuxCD3, huxCD3v1 and huIIIi 
correspond to SEQ.ID.NOs 19, 26, and 21, respectively. 
Residues Which differ betWeen muxCD3 and huxCD3v1 are 
identi?ed by an asterisk (*), Whereas those Which differ 
betWeen humaniZed and consensus sequences are identi?ed 
by a sharp sign (#). Abullet (C) denotes that a residue at this 
position has been found to contact antigen in one or more 
crystallographic structures of antibody/antigen complexes 
(Kabat et al., 1991; Mian, I. S. et al., J. Mol. Biol. 217, 
133-151 (1991)). The location of CDR residues according to 
a sequence de?nition (Kabat et al., 1991) and a structural 
de?nition (Chothia and Lesk, supra 1987) are shoWn by a 
line and carats (A) beneath the sequences, respectively. 

[0053] FIG. 6A-1 AND 6A-2 compare murine and human 
iZed amino acid sequences for the heavy chain of an anti 
CD18 antibody. H52H4-160 (SEQ. ID. NO. 22) is the 
murine sequence, and pH52-8.0 (SEQ. ID. NO. 23) is the 
humaniZed heavy chain sequence. pH52-8.0 residue 143S is 
the ?nal amino acid in the variable heavy chain domain VH, 
and residue 144A is the ?rst amino acid in the constant 
heavy chain domain CH1. 

[0054] FIG. 6B compares murine and humaniZed amino 
acid sequences for the light chain of an anti-CD18 antibody. 
H52L6-158 (SEQ. ID. NO. 24) is the murine sequence, and 
pH52-9.0 (SEQ. ID. NO. 25) is the humaniZed light chain 
sequence. pH52-9.0 residue 128T is the ?nal amino acid in 
the light chain variable domain VL, and residue 129V is the 
?rst amino acid in the light chain constant domain CL. 

DETAILED DESCRIPTION OF THE 
INVENTION 

DEFINITIONS 

[0055] In general, the folloWing Words or phrases have the 
indicated de?nitions When used in the description, examples, 
and claims: 

[0056] The murine monoclonal antibody knoWn as 
muMAb4D5 (Fendly, B. M. et al., Cancer Res. 50:1550 
1558 (1990)) is directed against the extracellular domain 
(ECD) of p185HER2. The muMAb4D5 and its uses are 
described in PCT application WO 89/06692 published 27 
Jul. 1989. This murine antibody Was deposited With the 
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ATCC and designated ATCC CRL 10463. In this description 
and claims, the terms muMAb4D5, chMAb4D5 and 
huMAb4D5 represent murine, chimerized and humanized 
versions of the monoclonal antibody 4D5, respectively. 

[0057] Ahumanized antibody for the purposes herein is an 
immunoglobulin amino acid sequence variant or fragment 
thereof Which is capable of binding to a predetermined 
antigen and Which comprises a PR region having substan 
tially the amino acid sequence of a human immunoglobulin 
and a CDR having substantially the amino acid sequence of 
a non-human immunoglobulin. 

[0058] Generally, a humanized antibody has one or more 
amino acid residues introduced into it from a source Which 
is non-human. These non-human amino acid residues are 
referred to herein as “import” residues, Which are typically 
taken from an “import” antibody domain, particularly a 
variable domain. An import residue, sequence, or antibody 
has a desired a?inity and/or speci?city, or other desirable 
antibody biological activity as discussed herein. 

[0059] In general, the humanized antibody Will comprise 
substantially all of at least one, and typically tWo, variable 
domains (Fab, Fab‘, F(ab')2, Fabc, Fv) in Which all or 
substantially all of the CDR regions correspond to those of 
a non-human immunoglobulin and all or substantially all of 
the FR regions are those of a human immunoglobulin 
consensus sequence. The humanized antibody 25 optimally 
also Will comprise at least a portion of an immunoglobulin 
constant region (Fc), typically that of a human immunoglo 
bulin. Ordinarily, the antibody Will contain both the light 
chain as Well as at least the variable domain of a heavy 
chain. The antibody also may include the CH1, hinge, CH2, 
CH3, and CH4 regions of the heavy chain. 

[0060] The humanized antibody Will be selected from any 
class of immunoglobulins, including IgM, IgG, IgD, IgA and 
IgE, and any isotype, including IgGl, IgG2, IgG3 and IgG4. 
Usually the constant domain is a complement ?xing constant 
domain Where it is desired that the humanized antibody 
exhibit cytotoxic activity, and the class is typically lgGl. 
Where such cytotoxic activity is not desirable, the constant 
domain may be of the IgG2 class. The humanized antibody 
may comprise sequences from more than one class or 
isotype, and selecting particular constant domains to opti 
mize desired effector functions is Within the ordinary skill in 
the art. 

[0061] The PR and CDR regions of the humanized anti 
body need not correspond precisely to the parental 
sequences, e. g., the import CDR or the consensus FR may be 
mutagenized by substitution, insertion or deletion of at least 
one residue so that the CDR or PR residue at that site does 
not correspond to either the consensus or the import anti 
body. Such mutations, hoWever, Will not be extensive. 
Usually, at least 75% of the humanized antibody residues 
Will correspond to those of the parental PR and CDR 
sequences, more often 90%, and most preferably greater 
than 95%. 

[0062] In general, humanized antibodies prepared by the 
method of this invention are produced by a process of 
analysis of the parental sequences and various conceptual 
humanized products using three dimensional models of the 
parental and humanized sequences. Three dimensional 
immunoglobulin models are commonly available and are 
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familiar to those skilled in the art. Computer programs are 
available Which illustrate and display probable three dimen 
sional conformational structures of selected candidate 
immunoglobulin sequences. Inspection of these displays 
permits analysis of the likely role of the residues in the 
functioning of the candidate immunoglobulin sequence, i.e., 
the analysis of residues that in?uence the ability of the 
candidate immunoglobulin to bind its antigen. 

[0063] Residues that in?uence antigen binding are de?ned 
to be residues that are substantially responsible for the 
antigen a?inity or antigen speci?city of a candidate immu 
noglobulin, in a positive or a negative sense. The invention 
is directed to the selection and combination of FR residues 
from the consensus and import sequence so that the desired 
immunoglobulin characteristic is achieved. Such desired 
characteristics include increases in affinity and greater speci 
?city for the target antigen, although it is conceivable that in 
some circumstances the opposite effects might be desired. In 
general, the CDR residues are directly and most substan 
tially involved in in?uencing antigen binding (although not 
all CDR residues are so involved and therefore need not be 
substituted into the consensus sequence). HoWever, FR 
residues also have a signi?cant effect and can exert their 
in?uence in at least three Ways: They may noncovalently 
directly bind to antigen, they may interact With CDR resi 
dues and they may affect the interface betWeen the heavy 
and light chains. 

[0064] A residue that noncovalently directly binds to anti 
gen is one that, by three dimensional analysis, is reasonably 
expected to noncovalently directly bind to antigen. Typi 
cally, it is necessary to impute the position of antigen from 
the spatial location of neighboring CDRs and the dimensions 
and structure of the target antigen. In general, only those 
humanized antibody residues that are capable of forming salt 
bridges, hydrogen bonds, or hydrophobic interactions are 
likely to be involved in non-covalent antigen binding, hoW 
ever residues Which have atoms Which are separated from 
antigen spatially by 3.2 Angstroms or less may also non 
covalently interact With antigen. Such residues typically are 
the relatively larger amino acids having the side chains With 
the greatest bulk, such as tyrosine, arginine, and lysine. 
Antigen-binding FR residues also typically Will have side 
chains that are oriented into an envelope surrounding the 
solvent oriented face of a CDR Which extends about 7 
Angstroms into the solvent from the CDR domain and about 
7 Angstroms on either side of the CDR domain, again as 
visualized by three dimensional modeling. 

[0065] A residue that interacts With a CDR generally is a 
residue that either affects the conformation of the CDR 
polypeptide backbone or forms a noncovalent bond With a 
CDR residue side chain. Conformation-affecting residues 
ordinarily are those that change the spatial position of any 
CDR backbone atom (N, C(X, C, 0, C6) by more than about 
0.2 Angstroms. Backbone atoms of CDR sequences are 
displaced for example by residues that interrupt or modify 
organized structures such as beta sheets, helices or loops. 
Residues that can exert a profound affect on the conforma 
tion of neighboring sequences include proline and glycine, 
both of Which are capable of introducing bends into the 
backbone. Other residues that can displace backbone atoms 
are those that are capable of participating in salt bridges and 
hydrogen bonds. 
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[0066] A residue that interacts With a CDR side chain is 
one that is reasonably expected to form a noncovalent bond 
With a CDR side chain, generally either a salt bridge or 
hydrogen bond. Such residues are identi?ed by three dimen 
sional positioning of their side chains. A salt or ion bridge 
could be expected to form betWeen tWo side chains posi 
tioned Within about 2.5-3.2 Angstroms of one another that 
bear opposite charges, for example a lysinyl and a glutamyl 
pairing. A hydrogen bond could be expected to form 
betWeen the side chains of residue pairs such as seryl or 
threonyl With aspartyl or glutamyl (or other hydrogen 
accepting residues). Such pairings are Well knoWn in the 
protein chemistry art and Will be apparent to the artisan upon 
three dimensional modeling of the candidate immunoglo 
bulin. 

[0067] Immunoglobulin residues that affect the interface 
betWeen heavy and light chain variable regions (“the VL-VH 
interface”) are those that affect the proximity or orientation 
of the tWo chains With respect to one another. Certain 
residues involved in interchain interactions are already 
knoWn and include VL residues 34, 36, 38, 44, 46, 87, 89, 91, 
96, and 98 and VH residues 35, 37, 39, 45, 47, 91, 93, 95, 
100, and 103 (utilizing the nomenclature set forth in Kabat 
et al., Sequences of Proteins of Immunological Interest 
(National Institutes of Health, Bethesda, Md., 1987)). Addi 
tional residues are neWly identi?ed by the inventors herein, 
and include 43L, 85L, 43H and 60H. While these residues 
are indicated for IgG only, they are applicable across spe 
cies. In the practice of this invention, import antibody 
residues that are reasonably expected to be involved in 
interchain interactions are selected for substitution into the 
consensus sequence. It is believed that heretofore no human 
iZed antibody has been prepared With an intrachain-alfecting 
residue selected from an import antibody sequence. 

[0068] Since it is not entirely possible to predict in 
advance What the exact impact of a given substitution Will be 
it may be necessary to make the substitution and assay the 
candidate antibody for the desired characteristic. These 
steps, hoWever, are per se routine and Well Within the 
ordinary skill of the art. 

[0069] CDR and FR residues are determined according to 
a standard sequence de?nition (Kabat et al., Sequences of 
Proteins of Immunological Interest, National Institutes of 
Health, Bethesda Md. (1987), and a structural de?nition (as 
in Chothia and Lesk, J. Mol. Biol. 196:901-917 (1987). 
Where these tWo methods result in slightly different identi 
?cations of a CDR, the structural de?nition is preferred, but 
the residues identi?ed by the sequence de?nition method are 
considered important FR residues for determination of 
Which framework residues to import into a consensus 
sequence. 

[0070] Throughout this description, reference is made to 
the numbering scheme from Kabat, E. A., et al., Sequences 
of Proteins of Immunological Interest (National Institutes of 
Health, Bethesda, Md. (1987) and (1991). In these compen 
diums, Kabat lists many amino acid sequences for antibod 
ies for each subclass, and lists the most commonly occurring 
amino acid for each residue position in that subclass. Kabat 
uses a method for assigning a residue number to each amino 
acid in a listed sequence, and this method for assigning 
residue numbers has become standard in the ?eld. The Kabat 
numbering scheme is folloWed in this description. For 
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purposes of this invention, to assign residue numbers to a 
candidate antibody amino acid sequence Which is not 
included in the Kabat compendium, one folloWs the folloW 
ing steps. Generally, the candidate sequence is aligned With 
any immunoglobulin sequence or any consensus sequence in 
Kabat. Alignment may be done by hand, or by computer 
using commonly accepted computer programs; an example 
of such a program is the Align 2 program discussed in this 
description. Alignment may be facilitated by using some 
amino acid residues Which are common to most Fab 
sequences. For example, the light and heavy chains each 
typically have tWo cysteines Which have the same residue 
numbers; in VL domain the tWo cysteines are typically at 
residue numbers 23 and 88, and in the VH domain the tWo 
cysteine residues are typically numbered 22 and 92. Frame 
Work residues generally, but not alWays, have approximately 
the same number of residues, hoWever the CDRs Will vary 
in siZe. 

[0071] For example, in the case of a CDR from a candidate 
sequence Which is longer than the CDR in the sequence in 
Kabat to Which it is aligned, typically suf?xes are added to 
the residue number to indicate the insertion of additional 
residues (see, eg residues 100 abcde in FIG. 5). For 
candidate sequences Which, for example, align With a Kabat 
sequence for residues 34 and 36 but have no residue betWeen 
them to align With residue 35, the number 35 is simply not 
assigned to a residue. 

[0072] Thus, in humaniZation of an import variable 
sequence, Where one cuts out an entire human or consensus 

CDR and replaces it With an import CDR sequence, (a) the 
exact number of residues may be sWapped, leaving the 
numbering the same, (b) feWer import amino acid residues 
may be introduced than are cut, in Which case there Will be 
a gap in the residue numbers, or (c) a larger number of amino 
acid residues may be introduced then Were cut, in Which case 
the numbering Will involve the use of suf?xes such as 
100abcde. 

[0073] The terms “consensus sequence” and “consensus 
antibody” as used herein refers to an amino acid sequence 
Which comprises the most frequently occurring amino acid 
residues at each location in all immunoglobulins of any 
particular subclass or subunit structure. The consensus 
sequence may be based on immunoglobulins of a particular 
species or of many species. A “consensus” sequence, struc 
ture, or antibody is understood to encompass a consensus 
human sequence as described in certain embodiments of this 
invention, and to refer to an amino acid sequence Which 
comprises the most frequently occurring amino acid residues 
at each location in all human immunoglobulins of any 
particular subclass or subunit structure. This invention pro 
vides consensus human structures and consensus structures 
Which consider other species in addition to human. 

[0074] The subunit structures of the ?ve immunoglobulin 
classes in humans are as folloWs: 

Class Heavy Chain Subclasses Light Chain Molecular Formula 

IgG Y Y1, Y2, Y3, Y4 K or t» (Y2K2)> (M2) 
IgA 0t 0L1, 0L2 K of 7» ((1219):, ((1279): 
IgM [1 none K or 7» (HZKZE, (H2795 
IgD 6 none K or 7» (5219), (927D) 
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-continued 

Class Heavy Chain Subclasses Light Chain Molecular Formula 

IgE 6 none K or )M (€2K2), ((279) 

('”‘B may equal 1, 2, or 3) 

[0075] In preferred embodiments of an IgGyl human 
consensus sequence, the consensus variable domain 
sequences are derived from the most abundant subclasses in 
the sequence compilation of Kabat et al., Sequences of 
Proteins of Immunological Interest, National Institutes of 
Health, Bethesda Md. (1987), namely VL K subgroup I and 
VH group III. In such preferred embodiments, the VL con 
sensus domain has the amino acid sequence: 

(SEQ. ID NO. 3) 
DIQMTQSPSSLSASVGDRVTITCRASQDVSSYLAWYQQKPGKAPKLLIYA 
ASSLESGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQYNSLPYTFGQ 
GTKVEIKRT; 

[0076] the VH consensus domain has the amino acid 
sequence: 

(SEQ. ID NO. 4) 
EVQLVE SGGGLVQPGGS LRLSCAAS GFTFSDYAMSWVRQAPGKGLEWVAV 
I SENGS DTYYAD SVKGRFT ISRDDSKNTLYLQMNSLRAEDTAVYYCARDR 

GGAVSYFDVWGQGTLVTVS s . 

These sequences include consensus CDRs as Well as con 

sensus FR residues (see for example in FIG. 1). 

[0077] While not Wishing to be limited to any particular 
theories, it may be that these preferred embodiments are less 
likely to be immunogenic in an individual than less abundant 
subclasses. However, in other embodiments, the consensus 
sequence is derived from other subclasses of human immu 
noglobulin variable domains. In yet other embodiments, the 
consensus sequence is derived from human constant 
domains. 

[0078] Identity or homology With respect to a speci?ed 
amino acid sequence of this invention is de?ned herein as 
the percentage of amino acid residues in a candidate 
sequence that are identical With the speci?ed residues, after 
aligning the sequences and introducing gaps, if necessary, to 
achieve the maximum percent homology, and not consider 
ing any conservative substitutions as part of the sequence 
identity. None of N-ter'minal, C-terminal or internal exten 
sions, deletions, or insertions into the speci?ed sequence 
shall be construed as affecting homology. All sequence 
alignments called for in this invention are such maximal 
homology alignments. While such alignments may be done 
by hand using conventional methods, a suitable computer 
program is the “Align 2” program for Which protection is 
being sought from the Us. Register of Copyrights (Align 2, 
by Genentech, Inc., application ?led 9 Dec. 1991). 
[0079] “Non-homologous” import antibody residues are 
those residues Which are not identical to the amino acid 
residue at the analogous or corresponding location in a 
consensus sequence, after the import and consensus 
sequences are aligned. 

[0080] The term “computer representation” refers to infor 
mation Which is in a form that can be manipulated by a 
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computer. The act of storing a computer representation 
refers to the act of placing the information in a form suitable 
for manipulation by a computer. 

[0081] This invention is also directed to novel polypep 
tides, andERiZn certain aspects, isolated novel humanized 
anti-pnlR85 antibodies are provided. These novel anti 
p185 antibodies are sometimes collectively referred to 
herein as huMAb4D5, and also sometimes as the light or 
heavy chain variable domains of huMAb4D5, and are 
de?ned herein to be any polypeptide sequence Which pos 
sesses a biological property of a polypeptide comprising the 
folloWing polypeptide sequence: 

[0082] DIQMTQSPSSLSASVGDRVTITCRASQD 
VNTAVAWYQQKPGKAPKLLIYSASFLESGVPSRF 
SGSRSGTDFTLTISSLQPEDFATYYC 
QQHYTTPPTFGQGTKVEIKRT (SEQ. ID NO. 1, 
Which is the light chain variable domain of 
huMAb4D5); or 

[0083] EVQLVESGGGLVQPGGSLRLSCAASG 
FNIKDTYIHWVRQAPGKGLEWVARIYPT 
NGYTRYAD SVKGRFTISADTSKNTAYLQMNSL 

(SEQ. ID NO. 2, Which is the heavy chain variable 
domain of huMAb4D5). 

[0084] “Biological property”, as relates for example to 
anti-p185HER2, for the purposes herein means an in vivo 
effector or antigen-binding function or activity that is 
directly or indirectly performed by huMAb4D5 (Whether in 
its native or denatured conformation). Effector functions 
include p185HER2 binding, any hormonal or hormonal 
antagonist activity, any mitogenic or agonist or antagonist 
activity, any cytotoxic activity. An antigenic function means 
possession of an epitope or antigenic site that is capable of 
cross-reacting With antibodies raised against the polypeptide 
sequence of huMAb4D5. 

[0085] Biologically active huMAb4D5 is de?ned herein as 
a polypeptide that shares an effector function of huMAb4D5. 
A principal knoWn effector function of huMAb4D5 is its 
ability to bind to p185HER2. 

[0086] Thus, the biologically active and antigenically 
active huMAb4D5 polypeptides that are the subject of 
certain embodiments of this invention include the sequence 
of the entire translated nucleotide sequence of huMAb4D5, 
mature huMAb4D5, fragments thereof having a consecutive 
sequence of at least 5, 10, 15, 20, 25, 30 or 40 amino acid 
residues comprising sequences from muMAb4D5 plus resi 
dues from the human PR of huMAb4D5, amino acid 
sequence variants of huMAb4D5 Wherein an amino acid 
residue has been inserted Ni or C-terminal to, or Within, 
huMAb4D5 or its fragment as de?ned above; amino acid 
sequence variants of huMAb4D5 or its fragment as de?ned 
above Wherein an amino acid residue of huMAb4D5 or its 
fragment as de?ned above has been substituted by another 
residue, including predetermined mutations by, e.g., site 
directed or PCR mutagenesis; derivatives of huMAb4D5 or 
its fragments as de?ned above Wherein huMAb4D5 or its 
fragments have been covalent modi?ed, by substitution, 
chemical, enzymatic, or other appropriate means, With a 
moiety other than a naturally occurring amino acid; and 
glycosylation variants of huMAb4D5 (insertion of a glyco 
sylation site or deletion of any glycosylation site by deletion, 
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insertion or substitution of suitable residues). Such frag 
ments and variants exclude any polypeptide heretofore iden 
ti?ed, including muMAb4D5 or any knoWn polypeptide 
fragment, Which are anticipatory order 35 U.S.C.102 as Well 
as polypeptides obvious thereover under 35 U.S.C. 103. 

[0087] An “isolated” polypeptide means polypeptide 
Which has been identi?ed and separated and/or recovered 
from a component of its natural environment. Contaminant 
components of its natural environment are materials Which 
Would interfere With diagnostic or therapeutic uses for the 
polypeptide, arid may include enzymes, hormones, and 
other proteinaceous or nonproteinaceous solutes. In pre 
ferred embodiments, for example, a polypeptide product 
comprising huMAb4D5 Will be puri?ed from a cell culture 
or other synthetic environment (1) to greater than 95% by 
Weight of protein as determined by the LoWry method, and 
most preferably more than 99% by Weight, (2) to a degree 
su?icient to obtain at least 15 residues of N-terminal or 
internal amino acid sequence by use of a gas- or liquid-phase 
sequenator (such as a commercially available Applied Bio 
systems sequenator Model 470, 477, or 473), or (3) to 
homogeneity by SDS-PAGE under reducing or nonreducing 
conditions using Coomassie blue or, preferably, silver stain. 
Isolated huMAb4D5 includes huMAb4D5 in situ Within 
recombinant cells since at least one component of the 
huMAb4D5 natural environment Will not be present. Ordi 
narily, hoWever, isolated huMAb4D5 Will be prepared by at 
least one puri?cation step. 

[0088] In accordance With this invention, huMAb4D5 
nucleic acid is RNA or DNA containing greater than ten 
bases that encodes a biologically or antigenically active 
huMAb4D5, is complementary to nucleic acid sequence 
encoding such huMAb4D5, or hybridiZes to nucleic acid 
sequence encoding such huMAb4D5 and remains stably 
bound to it under stringent conditions, and comprises 
nucleic acid from a muMAb4D5 CDR and a human FR 
region. 

[0089] Preferably, the huMAb4D5 nucleic acid encodes a 
polypeptide sharing at least 75% sequence identity, more 
preferably at least 80%, still more preferably at least 85%, 
even more preferably at 90%, and most preferably 95%, 
With the huMAb4D5 amino acid sequence. Preferably, a 
nucleic acid molecule that hybridiZes to the huMAb4D5 
nucleic acid contains at least 20, more preferably 40, and 
most preferably 90 bases. Such hybridiZing or complemen 
tary nucleic acid, hoWever, is further de?ned as being novel 
under 35 U.S.C. 102 and unobvious under 35 U.S.C. 103 
over any prior art nucleic acid. 

[0090] Stringent conditions are those that (1) employ loW 
ionic strength and high temperature for Washing, for 
example, 0.015 M NaCl/0.0015 M sodium citrate/O/l % 
NaDodSO4 at 500 C.; (2) employ during hybridization a 
denaturing agent such as formamide, for example, 50% 
(vol/vol) formamide With 0.1% bovine serum albumin/0/ 1% 
Ficoll/0/1% polyvinylpyrrolidone/ 50 mM sodium phosphate 
buffer at pH 6.5 With 750 mM NaCl, 75 mM sodium citrate 
at 420 C.; or (3) employ 50% formamide, 5><SSC (0.75 M 
NaCl, 0.075 M sodium citrate), 50 mM sodium phosphate 
(pH 6.8), 0.1% sodium pyrophosphate, 5>< Denhardt’s solu 
tion, sonicated salmon sperm DNA (50 g/ml), 0.1% SDS, 
and 10% dextran sulfate at 42 C, With Washes at 42 C in 
0.2><SSC and 0.1% SDS. 
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[0091] The term “control sequences” refers to DNA 
sequences necessary for the expression of an operably linked 
coding sequence in a particular host organism. The control 
sequences that are suitable for prokaryotes, for example, 
include a promoter, optionally an operator sequence, a 
ribosome binding site, and possibly, other as yet poorly 
understood sequences. Eukaryotic cells are knoWn to utiliZe 
promoters, polyadenylation signals, and enhancers. 

[0092] Nucleic acid is “operably linked” When it is placed 
into a functional relationship With another nucleic acid 
sequence. For example, DNA for a presequence or secretory 
leader is operably linked to DNA for a polypeptide if it is 
expressed as a preprotein that participates in the secretion of 
the polypeptide; a promoter or enhancer is operably linked 
to a coding sequence if it affects the transcription of the 
sequence; or a ribosome binding site is operably linked to a 
coding sequence if it is positioned so as to facilitate trans 
lation. Generally, “operably linked” means that the DNA 
sequences being linked are contiguous and, in the case of a 
secretory leader, contiguous and in reading phase. HoWever 
enhancers do not have to be contiguous. Linking is accom 
plished by ligation at convenient restriction sites. If such 
sites do not exist, then synthetic oligonucleotide adaptors or 
linkers are used in accord With conventional practice. 

[0093] An “exogenous” element is de?ned herein to mean 
nucleic acid sequence that is foreign to the cell, or homolo 
gous to the cell but in a position Within the host cell nucleic 
acid in Which the element is ordinarily not found. 

[0094] As used herein, the expressions “cell,”“cell line,” 
and “cell culture” are used interchangeably and all such 
designations include progeny. Thus, the Words “transfor 
mants” and “transformed cells” include the primary subject 
cell and cultures derived therefrom Without regard for the 
number of transfers. It is also understood that all progeny 
may not be precisely identical in DNA content, due to 
deliberate or inadvertent mutations. Mutant progeny that 
have the same function or biological activity as screened for 
in the originally transformed cell are included. Where dis 
tinct designations are intended, it Will be clear from the 
context. 

[0095] “Oligonucleotides” are short-length, single- or 
double-stranded polydeoxynucleotides that are chemically 
synthesiZed by knoWn methods (such as phosphotriester, 
phosphite, or phosphoramidite chemistry, using solid phase 
techniques such as described in EP 266,032 published 4 May 
1988, or via deoxynucleoside H-phosphonate intermediates 
as described by Froehler et al., Nucl. Acids Res., 14: 5399 
5407 [1986]). They are then puri?ed on polyacrylamide 
gels. 

[0096] The technique of “polymerase chain reaction,” or 
“PCR,” as used herein generally refers to a procedure 
Wherein minute amounts of a speci?c piece of nucleic acid, 
RNA and/or DNA, are ampli?ed as described in Us. Pat. 
No. 4,683,195 issued 28 Jul. 1987. Generally, sequence 
information from the ends of the region of interest or beyond 
needs to be available, such that oligonucleotide primers can 
be designed; these primers Will be identical or similar in 
sequence to opposite strands of the template to be ampli?ed. 
The 5' terminal nucleotides of the tWo primers may coincide 
With the ends of the ampli?ed material. PCR can be used to 
amplify speci?c RNA sequences, speci?c DNA sequences 
from total genomic DNA, and cDNA transcribed from total 
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cellular. RNA, bacteriophage or plasmid sequences, etc. See [0099] An integral step in our approach to antibody 
generally Mullis et al., Cold Spring Harbor Symp. Quanl. humaniZation is construction of computer graphics models 
Biol., 51: 263 (1987); Erlich, ed., PCR Technology, (Stock- of the import and humanized antibodies. These models are 
1011 Press, NY, 1989) As used herein, PCR is Considered to used to determine if the six complementarity-determining 
be One, but I101 the only, example of a mleleie aeid pely- regions (CDRs) can be successfully transplanted from the 
merase reaction method for amplifying a nucleic acid test import framework to a human one and to determine which 
sample, Comprising the use Of a kIlOWIl mleleie aeid (DNA framework residues from the import antibody, if any, need to 
or RNA) as a primer and utiliZes a nucleic acid polymerase be incorporated into the humanized antibody in Order to 
to amplify or generate a speei?e pieee 0f nueleie aeid 0r to maintain CDR conformation. In addition, analysis of the 
amplify or generate a speci?c piece of nucleic acid Which is Sequences of the import and humanized antibodies and 
Complementary to a Particular nucleic acid reference to the models can help to discern Which frame 

Work residues are unusual and thereby might be involved in 
Suitable Methods for Practicing the Invention antigen binding or maintenance of proper antibody structure. 

[0097] Some aspects of this invention include obtaining an [0100] All of the humaniZed antibody models of this 
import, non-human antibody variable domain, producing a invention are based on a single three-dimensional computer 
desired humaniZed antibody sequence and for humaniZing graphics structure hereafter referred to as the consensus 
an antibody gene sequence are described beloW. A particu- structure. This consensus structure is a key distinction from 
larly preferred method of changing a gene sequence, such as the approach of previous Workers in the ?eld, Who typically 
gene conversion from a non-human or consensus sequence begin by selecting a human antibody structure Which has an 
into a humanized nucleic acid sequence, is the cassette amino acid sequence Which is similar to the sequence of 
mutagenesis procedure described in Example 1. Addition- their import antibody. 
ally, methods are given for obtaining and producing anti- _ _ 
bodies generally, which apply equally to native nonhuman [0101] The consensus structure of one embod1ment of th1s 
antibodies as Well as to humanized antibodies_ 1nvent1on Was bu1lt 1n ?ve steps as descr1bed beloW. 

[0098] Generally, the antibodies and antibody variable [0102] Step 1: Swen Fab X'ray Crystal Structure? from the 
domains of this invention are conventionally prepared in Brookhaven Protem Data Bank Were used (enmes 2FB4’ 
recombinant cell culture, as described in more detail beloW. ZRHE’ 3FAB’ and IREI whlch are human Structures’ and 
Recombinant synthesis is preferred for reasons of safety and ZMCP’ IFBJ’ and 2H_FL Whmh are munne Structures)‘ For 
economy, but it is knoWn to prepare peptides by chemical each _smlcmre> Protem mamchau] geometry and hydrogen 
Synthesis and to purify them from natural Sources; Such bond1ng patterns Were used to ass1gn each~res1due to one of 
preparations are included Within the de?nition of antibodies three s?condary stmcture types: alpha'heh¥> beta'strand 9r 
herein other (1.e. non-hel1x and non-strand). The 1mmunoglobul1n 

residues used in superpositioning and those included in the 
Molecular Modeling consensus structure are shoWn in Table 1. 

TABLE 1 

Irnmunoglobulin Residues Used in superpositioning 
and Those Included in the Consensus Structure 

VLK domain 

lg“ 2FB4 ZRHE 2MCP 3FAB lFBJ 2HFL lREI Consensusb 

2411 
18424 18424 19425 18424 19425 19425 19425 16427 
32437 34439 3944 32437 32437 32437 33438 33439 

4149 
60466 62468 6742 53466 60465 60465 61466 5947 
6944 7146 76481 6944 6944 6944 7045 
81%88 86490 91495 84488 84488 81%88 85489 82491 

1014105 
RMSc 0.40 0.60 0.53 0.54 0.48 0.50 

VH domain 

1ga 2FB4 ZMCP 3FAB lFBJ ZHFL Consensusb 

348 
18425 18425 18425 18425 18425 17423 
34439 34439 34439 31%39 34439 3341 
46452 46452 46452 46452 46452 45451 
57461 59463 56460 57461 57461 57461 

6841 7043 6740 6841 6841 6641 
78484 80486 77483 78484 78484 75482 
92499 944101 91498 92499 92499 88494 

1024108 
RMSc 0.43 0.85 0.62 0.91 
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TABLE l-continued 

Immunoglobulin Residues Used in Superpositioning 
and Those Included in the Consensus Structure 

RMSd 0.91 0.73 0.77 0.92 

aFour-letter code for Protein Data Bank ?le. 
bResidue numbers for the crystal structures are taken from the Protein Data Bank ?les. 
Residue numbers for the consensus structure are according to Kabat et al. 
cRoot-mean-square deviation in A for (N, Cot, C) atoms superimposed on 2FB4. 
dRoot-mean-square deviation in A for (N, Cot, C) atoms superimposed on 2HFL. 

[0103] Step 2: Having identi?ed the alpha-helices and 
beta-strands in each of the seven structures, the structures 
Were superimposed on one another using the INSIGHT 
computer program (Biosym Technologies, San Diego, 
Calif.) as follows: The 2FB4 structure Was arbitrarily chosen 
as the template (or reference) structure. The 2FB4 Was held 
?xed in space and the other six structures rotated and 
translated in space so that their common secondary struc 

tural elements (i.e. alpha-helices and beta-strands) Were 
oriented such that these common elements Were as close in 
position to one another as possible. (This superpositioning 
Was performed using accepted mathematical formulae rather 
than actually physically moving the structures by hand.) 

[0104] Step 3: With the seven structures thus superim 
posed, for each residue in the template (2FB4) Fab one 
calculates the distance from the template alpha-carbon atom 
(Cot) to the analogous CO. atom in each of the other six 
superimposed structures. This results in a table of C(X-CO. 
distances for each residue position in the sequence. Such a 
table is necessary in order to determine Which residue 
positions Will be included in the consensus model. Gener 
ally, if all C(X-CO. distances for a given residue position Were 
21.0 A, that position Was included in the consensus struc 
ture. If for a given position only one Fab crystal structure 
was >10 A, the position Was included but the outlying 

crystal structure Was not included in the next step (for this 
position only). In general, the seven [3-strands Were included 
in the consensus structure While some of the loops connect 
ing the [3-strands, e.g. complementarity-determining regions 
(CDRs), Were not included in vieW of CO. divergence. 

[0105] Step 4: For each residue Which Was included in the 
consensus structure after step 3, the average of the coordi 
nates for individual mainchain N, C(X, C, O and CB atoms 
Were calculated. Due to the averaging procedure, as Well as 
variation in bond length, bond angle and dihedral angle 
among the crystal structures, this “average” structure con 
tained some bond lengths and angles Which deviated from 
standard geometry. For purposes of this invention, “standard 
geometry” is understood to include geometries commonly 
accepted as typical, such as the compilation of bond lengths 
and angles from small molecule structures in Weiner, S. J. et. 
al., J. Amer. Chem. Soc, 106: 765-784 (1984). 
[0106] Step 5: In order to correct these deviations, the ?nal 
step Was to subject the “average” structure to 50 cycles of 
energy minimization (DISCOVER program, Biosym Tech 
nologies) using the AMBER (Weiner, S. J. et. al., J. Amer. 
Chem. Soc, 106: 765-784 (1984)) parameter set With only 
the CO. coordinates ?xed (i.e. all other atoms are alloWed to 
move) (energy minimization is described below). This 
alloWed any deviant bond lengths and angles to assume a 
standard (chemically acceptable) geometry. See Table II. 

TABLE II 

Average Bond Lengths and Angles for “Average” (Before) 
and Energy-Minimized Consensus (After 50 Cycles) Structures 

VLK VLK VH VH Standard 
before after before after Geometry 
(A) (A) (A) (A) (A) 

N4COL 1.459(0.012) 1.451(0.004) 1.451(0.023) 1.452(0.004) 1.449 
Cot-C 1.515(0.012) 1.523(0.005) 1.507(0.033) 1.542(0.005) 1.522 
O:C 1.208(0.062) 1.229(0.003) 1.160(0.177) 1.231(0.003) 1.229 
CiN 1.288(0.049) 1.337(0.002) 1.282(0.065) 1.335(0.004) 1.335 
Cot-CB 1.508(0.026) 1.530(0.002) 1.499(0.039) 1.530(0.002) 1.526 

(') (') (') (') (') 

CiN4COL 123.5(4.2) 123.8(1.1) 125.3(4.6) 124.0(1.1) 121.9 
N4COL—C 110.0(4.0) 109.5(1.9) 110.3(2.8) 109.5(1.6) 110.1 
COkCiN 116.6(4.0) 116.6(1.2) 117.6(5.2) 116.6(0.8) 116.6 
OICiN 123.1(4.1) 123.4(0.6) 122.2(49) 123.3(0.4) 122.9 
N4COL—C[5 110.3(2.1) 109.8(0.7) 110.6(2.5) 109.8(0.6) 109.5 
C|3-Cot-C 111.4(2.4) 111.1(0.7) 111.2(2.2) 111.1(0.6) 111.1 

Values in parentheses arc standard deviations. Note that While some bond length and 
angle averages did not change appreciably after energy-minimization, the corresponding 
standard deviations are reduced due to deviant geometries assuming standard values after 
energy-minimization. Standard geometry values are from the AMBER force?eld as imple 
mented in DISCOVER (Biosym Technologies). 














































































