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HUMANIZED ANTI-ERBB2 ANTIBODIES 
AND TREATMENT WITH ANTI-ERBB2 

ANTIBODIES 

RELATED APPLICATIONS 

[0001] This application is a continuation application of 
US. Ser. No. 11/044,749, ?led Jan. 27, 2005, Which is a 
divisional application of US. Ser. No. 09/602,812, ?led Jun. 
23, 2000, now US. Pat. No. 6,949,245, Which is a non 
provisional application ?led under 37 CFR 1.53(b)(1), claim 
ing priority under 35 USC 119(e) to provisional application 
No. 60/141,316 ?led Jun. 25, 1999, the contents of these 
applications are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention concerns humanized anti 
ErbB2 antibodies and methods for treating cancer With anti 
ErbB2 antibodies, such as humanized anti-ErbB2 antibodies. 

BACKGROUND OF THE INVENTION 

[0003] The ErbB family of receptor tyrosine kinases are 
important mediators of cell growth, differentiation and sur 
vival. The receptor family includes four distinct members 
including epidermal groWth factor receptor (EGFR or 
ErbB 1 ), HER2(ErbB2 orp185”e”), HER3 (ErbB3) and HER4 
(ErbB4 or tyro2). 
[0004] EGFR, encoded by the erbBl gene, has been caus 
ally implicated in human malignancy. In particular, increased 
expression of EGFR has been observed in breast, bladder, 
lung, head, neck and stomach cancer as Well as glioblastomas. 
Increased EGFR receptor expression is often associated With 
increased production of the EGFR ligand, transforming 
groWth factor alpha (TGF-ot), by the same tumor cells result 
ing in receptor activation by an autocrine stimulatory path 
Way. Baselga and Mendelsohn Pharmac. T her 641127-154 
(1994). Monoclonal antibodies directed against the EGFR or 
its ligands, TGF-ot and EGF, have been evaluated as thera 
peutic agents in the treatment of such malignancies. See, e.g., 
Baselga and Mendelsohn., supra; Masui et al. Cancer 
Research 4411002-1007 (1984); and Wu et al. Clin. Invest. 
9511897-1905 (1995). 
[0005] The second member of the ErbB family, p185”e”, 
Was originally identi?ed as the product of the transforming 
gene from neuroblastomas of chemically treated rats. The 
activated form of the neu proto-oncogene results from a point 
mutation (valine to glutamic acid) in the transmembrane 
region of the encoded protein. Ampli?cation of the human 
homolog of neu is observed in breast and ovarian cancers and 
correlates With a poor prognosis (Slamon et al., Science, 
2351177-182 (1987); Slamon et al., Science, 2441707-712 
(1989); an US. Pat No. 4,968,603). To date, no point muta 
tion analogous to that in the neu proto-oncogene has been 
reported for human tumors. Overexpression of ErbB2 (fre 
quently but not uniformly due to gene ampli?cation) has also 
been observed in other carcinomas including carcinomas of 
the stomach, endometrium, salivary gland, lung, kidney, 
colon, thyroid, pancreas and bladder. See, among others, 
King et al., Science, 2291974 (1985); Yokota et al., Lancet: 
11765-767 (1986); Fukushige et al., Mol CellBiol., 61955-958 
(1986); Guerin et al,, Oncogene Res., 3:21-31 (1988); Cohen 
et al., Oncogene, 4:81-88 (1989); Yonemura et al., Cancer 
Res., 5111034 (1991); Borst et al., Gynecol. Oncol., 381364 
(1990); Weiner et al., Cancer Res., 501421-425 (1990); Kern 
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et al., Cancer Res., 5015184 (1990); Park et al., Cancer Res., 
4916605 (1989); Zhau et al., Mal. Carcinog., 31254-257 
(1990); Aasland et al. Br. J Cancer 571358-363 (1988); Wil 
liams et al. Pathobiology 59146-52 (1991); and McCann et al., 
Cancer, 65188-92 (1990). ErbB2 may be overexpressed in 
prostate cancer (Gu et al. Cancer Lett. 991185-9 (1996); Ross 
et al. Hum. Pathol. 281827-33 (1997); Ross et al. Cancer 
7912162-70 (1997); and Sadasivan et al. J. Urol. 1501126-31 
(1993)). 
[0006] Antibodies directed against the rat p185”‘”‘ and 
human ErbB2 protein products have been described. Drebin 
and colleagues have raised antibodies against the rat neu gene 
product, p185”e” See, for example, Drebin et al., Cell 41 1695 
706 (1985); Myers et al., Meth. Enzym. 1981277-290 (1991); 
and WO94/22478. Drebin et al. Oncogene 21273-277 (1988) 
report that mixtures of antibodies reactive With tWo distinct 
regions of p185”‘”‘ result in synergistic anti-tumor effects on 
nett-transformed NIH-3T3 cells implanted into nude mice. 
See also US. Pat. No. 5,824,311 issued Oct. 20, 1998. 

[0007] Hudziak et al., Mal. Cell. Biol. 9(3)11165-1172 
(1989) describe the generation of a panel of anti-ErbB2 anti 
bodies Which Were characterized using the human breast 
tumor cell line SK-BR-3. Relative cell proliferation of the 
SK-BR-3 cells folloWing exposure to the antibodies Was 
determined by crystal violet staining of the monolayers after 
72 hours. Using this assay, maximum inhibition Was obtained 
With the antibody called 4D5 Which inhibited cellular prolif 
eration by 5 6%. Other antibodies in the panel reduced cellular 
proliferation to a lesser extent in this assay. The antibody 4D5 
Was further found to sensitize ErbB2-overexpressing breast 
tumor cell lines to the cytotoxic effects of TNF-ot. See also 
US. Pat. No. 5,677,171 issued Oct. 14, 1997. The anti-ErbB2 
antibodies discussed in Hudziak et al. are further character 
ized in Fendly et al. Cancer Research 5011550-1558 (1990); 
Kotts et al. In VlZI’O 26(3)159A (1990); Sarup et al. Growth 
Regulation 1172-82 (1991); Shepard et al. J. Clin. Immunol. 
11(3)1117-127 (1991); Kumar et al. Mal. Cell. Biol. 11(2): 
979-986 (1991); LeWis et al. Cancer Immunol. Immunother. 
371255-263 (1993); Pietras et al. Oncogene 911829-1838 
(1994); Vitetta et al. Cancer Research 5415301-5309 (1994); 
SliWkoWski et al. J. Biol. Chem. 269(20): 14661-14665 
(1994); Scott et al. J. Biol. Chem. 266114300-5 (1991); 
D’souza et al. Proc. Natl. Acad. Sci. 9117202-7206 (1994); 
LeWis et al. Cancer Research 5611457-1465 (1996); and 
Schaefer et al. Oncogene 1511385-1394 (1997). 
[0008] A recombinant humanized version of the murine 
anti-ErbB2 antibody 4D5 (huMAb4D5-8, rhuMAb HER2 or 
HERCEPTIN®; US. Pat. No. 5,821,337) is clinically active 
in patients With ErbB2-overexpressing metastatic breast can 
cers that have received extensive prior anti-cancer therapy 
(Baselga et al., J. Clin. Oncol. 141737-744 (1996)). HERCEP 
TIN® received marketing approval from the Food and Drug 
Administration Sep. 25, 1998 for the treatment of patients 
With metastatic breast cancer Whose tumors overexpress the 
ErbB2 protein. 
[0009] Other anti-ErbB2 antibodies With various properties 
have been described in Tagliabue et al. Int. J Cancer 471933 
937 (1991); McKenzie et al. Oncogene 41543-548 (1989); 
Maier et al. Cancer Res. 5115361-5369 (1991); Bacus et al. 
Molecular Carcinogenesis 31350-362 (1990); Stancovski et 
al. PNAS (USA) 8818691-8695 (1991); Bacus et al. Cancer 
Research 5212580-2589 (1992); Xu et al. Int. J Cancer 
531401-408 (1993); WO94/00136; Kasprzyk et al. Cancer 
Research 5212771-2776 (1992); Hancock et al. Cancer Res. 
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51:4575-4580 (1991); Shawver et al. Cancer Res. 54:1367 
1373 (1994); Arteaga et al. Cancer Res. 54:3758-3765 
(1994); Harwerth et al. .1. Biol. Chem. 267:15160-15167 
(1992); Us. Pat. No. 5,783,186; and Klapper et al. Oncogene 
14:2099-2109 (1997). 
[0010] Homology screening has resulted in the identi?ca 
tion of two other ErbB receptor family members; ErbB3 (U.S. 
Pat. Nos. 5,183,884 and 5,480,968 as well as Kraus et al. 
PNAS(USA) 86:9193-9197 (1989)) and ErbB4 (EP Pat Appln 
No 599,274; Plowman et al., Proc. Natl. Acad. Sci. USA, 
90:1746-1750 (1993); and Plowman et al., Nature, 366:473 
475 (1993)). Both of these receptors display increased 
expression on at least some breast cancer cell lines. 

[0011] The ErbB receptors are generally found in various 
combinations in cells and heterodimeriZation is thought to 
increase the diversity of cellular responses to a variety of 
ErbB ligands (Earp et al. Breast Cancer Research and T reat 
ment 35: 115-132 (1995)). EGFR is bound by six different 
ligands; epidermal growth factor (EGF), transforming growth 
factor alpha (TGF-ot), amphiregulin, heparin binding epider 
mal growth factor (HB-EGF), betacellulin and epiregulin 
(Groenen et al. Growth Factors 11:235-257 (1 994)). A family 
of heregulin proteins resulting from alternative splicing of a 
single gene are ligands for ErbB3 and ErbB4. The heregulin 
family includes alpha, beta and gamma heregulins (Holmes et 
al., Science, 256:1205-1210 (1992); Us. Pat. No. 5,641,869; 
and Schaefer et al. Oncogene 15:1385-1394 (1997)); neu 
differentiation factors (NDFs), glial growth factors (GGFs); 
acetylcholine receptor inducing activity (ARIA); and sensory 
and motor neuron derived factor (SMDF). For a review, see 
Groenen et al. Growth Factors 1 1:235-257 (1994); Lemke, G. 
Molec. & Cell. Neurosci. 7:247-262 (1996) and Lee et al. 
Pharm. Rev. 47:51-85 (1995). Recently three additional ErbB 
ligands were identi?ed; neuregulin-2 (N RG-2) which is 
reported to bind either ErbB3 or ErbB4 (Chang et al. Nature 
387 509-512 (1997); and Carraway et al Nature 387:512-516 
(1997)); neuregulin-3 which binds ErbB4 (Zhang et al. PNAS 
(USA) 94(18):9562-7 (1997)); and neuregulin-4 which binds 
ErbB4 (Harari et al. Oncogene 18:2681-89 (1999)) HB-EGF, 
betacellulin and epiregulin also bind to ErbB4. 
[0012] While EGF and TGFO. do not bind ErbB2, EGF 
stimulates EGFR and ErbB2 to form a heterodimer, which 
activates EGFR and results in transphosphorylation of ErbB2 
in the heterodimer. DimeriZation and/or transphosphoryla 
tion appears to activate the ErbB2 tyrosine kinase. See Earp et 
al., supra. Likewise, when ErbB3 is co-expressed with 
ErbB2, an active signaling complex is formed and antibodies 
directed against ErbB2 are capable of disrupting this complex 
(Sliwkowski et al., J. Biol. Chem., 269(20): 14661-14665 
(1994)). Additionally, the af?nity of ErbB3 for heregulin 
(HRG) is increased to a higher af?nity state when co-ex 
pressed with ErbB2. See also, Levi et al., Journal of Neuro 
science 15: 1329-1340 (1995); Morrissey et al., Proc. Natl. 
Acad. Sci. USA 92:1431-1435 (1995); and Lewis et al., Can 
cer Res., 56:1457-1465 (1996) with respect to the ErbB2 
ErbB3 protein complex. ErbB4, like ErbB3, forms an active 
signaling complex with ErbB2 (Carraway and Cantley, Cell 
78:5-8 (1994)). 

SUMMARY OF THE INVENTION 

[0013] In a ?rst aspect, the present invention provides a 
method of treating cancer in a human, wherein the cancer 
expresses epidermal growth factor receptor (EGFR), com 
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prising administering to the human a therapeutically effective 
amount of an antibody which binds ErbB2. 
[0014] Various advantages in using an antibody which 
binds ErbB2 to treat such cancer, as opposed to EGFR-tar 
geted drugs, are contemplated herein. In particular, EGFR is 
highly expressed in liver and skin and this provides an enor 
mous sink for active drug where the drug binds to EGFR. In 
addition, skin toxicity has been observed for other EGFR 
targeted drugs such as the chimeric anti-EGFR antibody 
C225 and the small molecule drug ZD1839 which binds 
EGFR. Antibodies which bind ErbB2 are anticipated to have 
a better safety pro?le than such drugs. 
[0015] Where the antibody used for therapy herein blocks 
ligand activation of an ErbB receptor and/or has a biological 
characteristic of monoclonal antibody 2C4, further advan 
tages are achieved. For example, while EGFR-targeted drugs 
interfere only with EGFR, the antibodies of particular interest 
herein (e.g. 2C4, including humaniZed and/ or af?nity 
matured variants thereof) will interfere with EGFR/ErbB2, 
ErbB3/ErbB4 and ErbB2/ErbB3 heterodimers. In addition, 
the antibodies herein that bind ErbB2 and block ligand acti 
vation of an ErbB receptor will be complementary to EGFR 
targeted drugs, where EGFR-targeted drugs are not comple 
mentary to each other. 
[0016] The invention further provides a method of treating 
cancer in a human, wherein the cancer is not characterized by 
overexpression of the ErbB2 receptor, comprising adminis 
tering to the human a therapeutically effective amount of an 
antibody which binds to ErbB2 and blocks ligand activation 
of an ErbB receptor. 
[0017] In addition, the present invention provides a method 
of treating hormone independent cancer in a human compris 
ing administering to the human a therapeutically effective 
amount of an antibody which binds ErbB2 receptor, and 
blocks ligand activation of an ErbB receptor. 
[0018] The invention further provides a method of treating 
cancer in a human comprising administering to the human 
therapeutically effective amounts of (a) a ?rst antibody which 
binds ErbB2 and inhibits growth of cancer cells which over 
express ErbB2; and (b) a second antibody which binds ErbB2 
and blocks ligand activation of an ErbB receptor. 
[0019] The invention also provides a method of treating a 
cancer in a human, wherein the cancer is selected from the 
group consisting of colon, rectal and colorectal cancer, com 
prising administering to the human a therapeutically effective 
amount of an antibody which binds ErbB2 and blocks ligand 
activation of an ErbB receptor. 

[0020] In further embodiments, the invention provides 
articles of manufacture for use (among other things) in the 
above methods. For example, the invention provides an 
article of manufacture comprising a container and a compo 
sition contained therein, wherein the composition comprises 
an antibody which binds ErbB2, and further comprising a 
package insert indicating that the composition can be used to 
treat cancer which expresses epidermal growth factor recep 
tor (EGFR). 
[0021] The invention additionally pertains to an article of 
manufacture comprising a container and a composition con 
tained therein, wherein the composition comprises an anti 
body which binds ErbB2 and blocks ligand activation of an 
ErbB receptor, and further comprising a package insert indi 
cating that the composition can be used to treat cancer, 
wherein the cancer is not characterized by overexpression of 
the ErbB2 receptor. 
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[0022] Also, the invention relates to an article of manufac 
ture comprising a container and a composition contained 
therein, Wherein the composition comprises an antibody 
Which binds ErbB2 and blocks ligand activation of an ErbB 
receptor, and further comprising a package insert indicating 
that the composition can be used to treat hormone indepen 
dent cancer. 

[0023] In a further embodiment, an article of manufacture 
is provided Which comprises (a) a ?rst container With a com 
position contained therein, Wherein the composition com 
prises a ?rst antibody Which binds ErbB2 and inhibits groWth 
of cancer cells Which overexpress ErbB2; and (b) a second 
container With a composition contained therein, Wherein the 
composition comprises a second antibody Which binds ErbB2 
and blocks ligand activation of an ErbB receptor. 
[0024] A further article of manufacture is provided Which 
comprises a container and a composition contained therein, 
Wherein the composition comprises an antibody Which binds 
ErbB2 and blocks ligand activation of an ErbB receptor, and 
further comprises a package insert indicating that the com 
position can be used to treat a cancer selected from the group 
consisting of colon, rectal and colorectal cancer. 
[0025] The invention additionally provides: a humaniZed 
antibody Which binds ErbB2 and blocks ligand activation of 
an ErbB receptor; a composition comprising the humaniZed 
antibody and a pharmaceutically acceptable carrier; and an 
immunoconjugate comprising the humanized antibody con 
jugated With a cytotoxic agent. 
[0026] Moreover, the invention provides isolated nucleic 
acid encoding the humaniZed antibody; a vector comprising 
the nucleic acid; a host cell comprising the nucleic acid or the 
vector; as Well as a process of producing the humaniZed 
antibody comprising culturing a host cell comprising the 
nucleic acid so that the nucleic acid is expressed and, option 
ally, further comprising recovering the humaniZed antibody 
from the host cell culture (eg from the host cell culture 
medium). 
[0027] The invention further pertains to an immunoconju 
gate comprising an antibody Which binds ErbB2 conjugated 
to one or more calicheamicin molecules, and the use of such 
conjugates for treating ErbB2 expressing cancer, e.g., ErbB2 
overexpressing cancer, in a human. Preferably, the antibody 
in the conjugate is monoclonal antibody 4D5, e.g., human 
iZed 4D5 (and preferably huMAb4D5-8 (HERCEPTIN®); or 
monoclonal antibody 2C4, e.g., humaniZed 2C4. The anti 
body in the immunoconjugate may be an intact antibody (e.g., 
an intact IgGl antibody) or an antibody fragment (eg a Fab, 
F(ab')2, diabody etc). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIGS. 1A and 1B depict epitope mapping of resi 
dues 22-645 Within the extracellular domain (ECD) of ErbB2 
(amino acid sequence, including signal sequence, shoWn in 
FIG. 1A; SEQ ID NO: 13) as determined by truncation mutant 
analysis and site-directed mutagenesis (N akamura et al. .1. 0f 
Wrology 67(10):6179-6191 (1993); and RenZ et al. J. Cell 
Biol. 125(6):1395-1406 (1994)). The various ErbB2-ECD 
truncations or point mutations Were prepared from cDNA 
using polymerase chain reaction technology. The ErbB2 
mutants Were expressed as gD fusion proteins in a mamma 
lian expression plasmid. This expression plasmid uses the 
cytomegalovirus promoter/enhancer With SV40 termination 
and polyadenylation signals located doWnstream of the 
inserted cDNA. Plasmid DNA Was transfected into 293 cells. 
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One day folloWing transfection, the cells Were metabolically 
labeled overnight in methionine and cysteine-free, loW glu 
cose DMEM containing 1% dialyZed fetal bovine serum and 
25 uCi each of 35 S methionine and 3 5 S cysteine. Supematants 
Were harvested and either the anti-ErbB2 monoclonal anti 
bodies or control antibodies Were added to the supernatant 
and incubated 2-4 hours at 40 C. The complexes Were pre 
cipitated, applied to a 10-20% Tricine SDS gradient gel and 
electrophoresed at 100 V. The gel Was electroblotted onto a 
membrane and analyZed by autoradiography. As shoWn in 
FIG. 1B, the anti-ErbB2 antibodies 7C2, 7P3, 2C4, 7D3, 3E8, 
4D5, 2H11 and 3H4 bind various ErbB2 ECD epitopes. 
[0029] FIGS. 2A and 2B shoW the effect of anti-ErbB2 
monoclonal antibodies 2C4 and 7E3 on rHRGBl activation of 
MCF7 cells. FIG. 2A shoWs dose-response curves for 2C4 or 
7E3 inhibition of HRG stimulation of tyrosine phosphoryla 
tion. FIG. 2B shoWs dose-response curves for the inhibition 
of 125I-labeled rHRGB 1 171244 binding to MCF7 cells by 2C4 
or 7E3. 

[0030] FIG. 3 depicts inhibition of speci?c 125I-labeled 
rHRG[31177_244 binding to a panel of human tumor cell lines 
by the anti-ErbB2 monoclonal antibodies 2C4 or 7E3. Mono 
clonal antibody-controls are isotype-matched murine mono 
clonal antibodies that do not block rHRG binding. Nonspe 
ci?c 125I-labeled rHRG[31l77_244 binding Was determined 
from parallel incubations performed in the presence of 100 
nM rHRGBl. Values for nonspeci?c 125I-labeled 
rHRG[31177_244 binding Were less than 1% of the total for all 
the cell lines tested. 
[0031] FIGS. 4A and 4B shoW the effect of monoclonal 
antibodies 2C4 and 4D5 on proliferation of MDA-MB-175 
(FIG. 4A) and SK-BR-3 (FIG. 4B) cells. MDA-MB-175 and 
SK-BR-3 cells Were seeded in 96 Well plates and alloWed to 
adhere for 2 hours. Experiment Was carried out in medium 
containing 1% serum. Anti-ErbB2 antibodies or medium 
alone Were added and the cells Were incubated for 2 hours at 
370 C. Subsequently rHRGBl (1 nM) or medium alone Were 
added and the cells Were incubated for 4 days. Monolayers 
Were Washed and stained/?xed With 0.5% crystal violet. To 
determine cell proliferation the absorbance Was measured at 
540 nm. 

[0032] FIGS. 5A and 5B shoW the effect of monoclonal 
antibody 2C4, HERCEPTIN® antibody or an anti-EGFR 
antibody on heregulin (HRG) dependent association of 
ErbB2 With ErbB3 in MCF7 cells expressing loW/normal 
levels of ErbB2 (FIG. 5A) and SK-BR-3 cells expressing high 
levels of ErbB2 (FIG. 5B); see Example 2 beloW. 
[0033] FIGS. 6A and 6B compare the activities of intact 
murine monoclonal antibody 2C4 (mu 2C4) and a chimeric 
2C4 Fab fragment. FIG. 6A shoWs inhibition of 125I-HRG 
binding to MCF7 cells by chimeric 2C4 Fab or intact murine 
monoclonal antibody 2C4. MCF7 cells Were seeded in 
24-Well plates (1><105 cells/Well) and groWn to about 85% 
con?uency for tWo days. Binding experiments Were con 
ducted as described in LeWis et al. Cancer Research 56: 1457 
1465 (1996). FIG. 6B depicts inhibition of rHRGBl activa 
tion of p180 tyrosine phosphorylation in MCF7 cells 
performed as described in LeWis et al. Cancer Research 
56:1457-1465 (1996). 
[0034] FIGS. 7A and 7B depict alignments of the amino 
acid sequences of the variable light (VL) (FIG. 7A) and vari 
able heavy (V H) (FIG. 7B) domains of murine monoclonal 
antibody 2C4 (SEQ ID Nos. 1 and 2, respectively);VL andVH 
domains of humanized 2C4 version 574 (SEQ ID Nos. 3 and 



US 2011/0129464 A1 

4, respectively), and human V L and V Hconsensus frameworks 
(hum K1, light kappa subgroup I; humIII, heavy subgroup III) 
(SEQ ID Nos. 5 and 6, respectively). Asterisks identify dif 
ferences betWeen humanized 2C4 version 574 and murine 
monoclonal antibody 2C4 or betWeen humanized 2C4 ver 
sion 574 and the human framework. Complementarity Deter 
mining Regions (CDRs) are in brackets. 
[0035] FIGS. 8A to C shoW binding of chimeric Fab 2C4 
(Fab.v1) and several humanized 2C4 variants to ErbB2 extra 
cellular domain (ECD) as determined by ELISA in Example 
3 

[0036] FIG. 9 is a ribbon diagram oftheVL andVH domains 
of monoclonal antibody 2C4 With White CDR backbone 
labeled (L1, L2, L3, H1, H2, H3). VH sidechains evaluated by 
mutagenesis during humanization (see Example 3, Table 2) 
are also shoWn. 

[0037] FIG. 10 depicts the effect of monoclonal antibody 
2C4 or HERCEPTIN® on EGF, TGF-ot, or HRG-mediated 
activation of mitogen-activated protein kinase (MAPK). 
[0038] FIG. 11 is a bar graph shoWing the effect of anti 
ErbB2 antibodies (alone or in combinations) on Calu3 lung 
adenocarcinoma xeno grafts (3+ ErbB2 overexpressor). Note: 
treatment Was stopped on day 24. 

[0039] FIG. 12 depicts the effect of recombinant human 
ized monoclonal antibody 2C4 (rhuMAb 2C4) or HERCEP 
TIN® on the groWth of MDA-175 cells as assessed in an 
Alamar Blue assay. 

[0040] FIG. 13 shoWs the e?icacy of rhuMAb 2C4 against 
MCF7 xenografts. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

I. De?nitions 

[0041] An “ErbB receptor” is a receptor protein tyrosine 
kinase Which belongs to the ErbB receptor family and 
includes EGFR, ErbB2, ErbB3 and ErbB4 receptors and 
other members of this family to be identi?ed in the future. The 
ErbB receptor Will generally comprise an extracellular 
domain, Which may bind an ErbB ligand; a lipophilic trans 
membrane domain; a conserved intracellular tyrosine kinase 
domain; and a carboxyl-terrninal signaling domain harboring 
several tyrosine residues Which can be phosphorylated. The 
ErbB receptor may be a “native sequence” ErbB receptor or 
an “amino acid sequence variant” thereof. Preferably the 
ErbB receptor is native sequence human ErbB receptor. 

[0042] The terms “ErbBl”, “epidermal groWth factor 
receptor” and “EGFR” are used interchangeably herein and 
refer to EGFR as disclosed, for example, in Carpenter et al. 
Ann. Rev. Biochem. 56:881-914 (1987), including naturally 
occurring mutant forms thereof (eg a deletion mutant EGFR 
as in Humphrey et al. PNAS (USA) 87:4207-4211 (1990)). 
erbB1 refers to the gene encoding the EGFR protein product. 
[0043] The expressions “ErbB2” and “HER2” are used 
interchangeably herein and refer to human HER2 protein 
described, for example, in Semba et al., PNAS (USA) 
82:6497-6501 (1985) and Yamamoto et al. Nature 319:230 
234 (1986) (Genebank accession number X03363). The term 
“erbB2” refers to the gene encoding human ErbB2 and “neu” 
refers to the gene encoding rat p185”e”. Preferred ErbB2 is 
native sequence human ErbB2. 
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[0044] “ErbB3” and “HER3” refer to the receptor polypep 
tide as disclosed, for example, in US. Pat. Nos. 5,183,884 and 
5,480,968 as Well as Kraus et al. PNAS (USA) 86:9193-9197 

(1 989). 
[0045] The terms “ErbB4” and “HER4” herein refer to the 
receptor polypeptide as disclosed, for example, in EP Pat 
Appln No 599,274; PloWman et al., Proc. Natl. Acad. Sci. 
USA, 90: 1746-1750 (1993); and PloWman et al., Nature, 366: 
473-475 (1993), including isoforms thereof, e.g., as disclosed 
in WO99/19488, published Apr. 22, 1999. 
[0046] By “ErbB ligand” is meant a polypeptide Which 
binds to and/or activates an ErbB receptor. The ErbB ligand of 
particular interest herein is a native sequence human ErbB 
ligand such as epidermal groWth factor (EGF) (Savage et al., 
J. Biol. Chem. 247:7612-7621 (1972)); transforming groWth 
factor alpha (TGF-ot) (Marquardt et al., Science 223:1079 
1082 (1984)); amphiregulin also knoWn as schWanoma or 
keratinocyte autocrine groWth factor (Shoyab et al. Science 
243:1074-1076 (1989); Kimura et al. Nature 348:257-260 
(1990); and Cook et al. Mol. Cell. Biol. 11:2547-2557 
(1991)); betacellulin (Shing et al., Science 259:1604-1607 
(1993); and Sasada et al. Biochem. Biophys. Res. Commun. 
190:1173 (1993)); heparin-binding epidermal groWth factor 
(HB-EGF) (Higashiyama et al., Science 251 :936-939 
(1991)); epiregulin (Toyoda et al., J. Biol. Chem. 270:7495 
7500 (1995); and Komurasaki et al. Oncogene 15:2841-2848 
(1997)); a heregulin (see beloW); neuregulin-2 (NRG-2) (Car 
raWay et al., Nature 387:512-516 (1997)); neuregulin-3 
(NRG-3) (Zhang et al., Proc. Natl. Acad. Sci. 94:9562-9567 
(1997)); neuregulin-4 (NRG-4) (Harari et. al. Oncogene 
18:2681-89 (1999)) or cripto (CR-1) (Kannan et al. J. Biol. 
Chem. 272(6):3330-3335 (1997)). ErbB ligands Which bind 
EGFR include EGF, TGF-ot , amphiregulin, betacellulin, HB 
EGF and epiregulin. ErbB ligands Which bind ErbB3 include 
heregulins. ErbB ligands capable of binding ErbB4 include 
betacellulin, epiregulin, HB-EGF, NRG-2, NRG-3, NRG-4 
and heregulins. 
[0047] “Heregulin” (HRG) When used herein refers to a 
polypeptide encoded by the heregulin gene product as dis 
closed in US. Pat. No. 5,641,869 or Marchionni et al., 
Nature, 362:312-318 (1993). Examples of heregulins include 
heregulin-0t, heregulin-[31, heregulin-[32 and heregulin-[33 
(Holmes et al., Science, 256:1205-1210 (1992); and US. Pat. 
No. 5,641 ,869); neu differentiation factor (NDF) (Peles et al. 
Cell 69: 205-216 (1992)); acetylcholine receptor-inducing 
activity (ARIA) (Falls et al. Cell 72:801-815 (1993)); glial 
groWth factors (GGFs) (Marchionni et al., Nature, 362:312 
318 (1993)); sensory and motor neuron derived factor 
(SMDF) (Ho et al. J. Biol. Chem. 270:14523-14532 (1995)); 
y-heregulin (Schaefer et al. Oncogene 15: 1385-1394 (1997)). 
The term includes biologically active fragments and/ or amino 
acid sequence variants of a native sequence HRG polypep 
tide, such as an EGF-like domain fragment thereof (eg 

177-244)‘ 
[0048] An “ErbB hetero-oligomer” herein is a nonco 
valently associated oligomer comprising at least tWo different 
ErbB receptors. Such complexes may form When a cell 
expressing tWo or more ErbB receptors is exposed to an ErbB 
ligand and can be isolated by immunoprecipitation and ana 
lyzed by SDS-PAGE as described in SliWkoWski et al., J Biol. 
Chem., 269(20): 14661-14665 (1994), for example. 
Examples of such ErbB hetero-oligomers include EGFR 
ErbB2, ErbB2-ErbB3 and ErbB3-ErbB4 complexes. More 
over, the ErbB hetero-oligomer may comprise tWo or more 
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ErbB2 receptors combined With a different ErbB receptor, 
such as ErbB3, ErbB4 or EGFR. Other proteins, such as a 
cytokine receptor subunit (e.g. gp 130) may be included in the 
hetero-oligomer. 
[0049] By “ligand activation of an ErbB receptor” is meant 
signal transduction (eg that caused by an intracellular kinase 
domain of an ErbB receptor phosphorylating tyrosine resi 
dues in the ErbB receptor or a substrate polypeptide) medi 
ated by ErbB ligand binding to a ErbB hetero-oligomer com 
prising the ErbB receptor of interest. Generally, this Will 
involve binding of an ErbB ligand to an ErbB hetero -oligomer 
Which activates a kinase domain of one or more of the ErbB 
receptors in the hetero-oligomer and thereby results in phos 
phorylation of tyrosine residues in one or more of the ErbB 
receptors and/ or phosphorylation of tyrosine residues in addi 
tional substrate polypeptides(s). ErbB receptor activation can 
be quanti?ed using various tyrosine phosphorylation assays. 
[0050] A “native sequence” polypeptide is one Which has 
the same amino acid sequence as a polypeptide (e.g., ErbB 
receptor or ErbB ligand) derived from nature. Such native 
sequence polypeptides can be isolated from nature or can be 
produced by recombinant or synthetic means. Thus, a native 
sequence polypeptide can have the amino acid sequence of 
naturally occurring human polypeptide, murine polypeptide, 
or polypeptide from any other mammalian species. 
[0051] The term “amino acid sequence variant” refers to 
polypeptides having amino acid sequences that differ to some 
extent from a native sequence polypeptide. Ordinarily, amino 
acid sequence variants Will possess at least about 70% homol 
ogy With at least one receptor binding domain of a native 
ErbB ligand or With at least one ligand binding domain of a 
native ErbB receptor, and preferably, they Will be at least 
about 80%, more preferably at least about 90% homologous 
With such receptor or ligandbinding domains. The amino acid 
sequence variants possess substitutions, deletions, and/or 
insertions at certain positions Within the amino acid sequence 
of the native amino acid sequence. 
[0052] “Homology” is de?ned as the percentage of residues 
in the amino acid sequence variant that are identical after 
aligning the sequences and introducing gaps, if necessary, to 
achieve the maximum percent homology. Methods and com 
puter programs for the alignment are Well knoWn in the art. 
One such computer program is “Align 2”, authored by Genen 
tech, Inc., which Was ?led With user documentation in the 
United States Copyright O?ice, Washington, DC. 20559, on 
Dec. 10, 1991. 
[0053] The term “antibody” herein is used in the broadest 
sense and speci?cally covers intact monoclonal antibodies, 
polyclonal antibodies, multispeci?c antibodies (e.g. bispe 
ci?c antibodies) formed from at least tWo intact antibodies, 
and antibody fragments, so long as they exhibit the desired 
biological activity. 
[0054] The term “monoclonal antibody” as used herein 
refers to an antibody obtained from a population of substan 
tially homogeneous antibodies, i.e., the individual antibodies 
comprising the population are identical except for possible 
naturally occurring mutations that may be present in minor 
amounts. Monoclonal antibodies are highly speci?c, being 
directed against a single antigenic site. Furthermore, in con 
trast to polyclonal antibody preparations Which include dif 
ferent antibodies directed against different determinants 
(epitopes), each monoclonal antibody is directed against a 
single determinant on the antigen. In addition to their speci 
?city, the monoclonal antibodies are advantageous in that 
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they may be synthesiZed uncontaminated by other antibodies. 
The modi?er “monoclonal” indicates the character of the 
antibody as being obtained from a substantially homoge 
neous population of antibodies, and is not to be construed as 
requiring production of the antibody by any particular 
method. For example, the monoclonal antibodies to be used in 
accordance With the present invention may be made by the 
hybridoma method ?rst described by Kohler et al., Nature, 
256:495 (1975), or may be made by recombinant DNA meth 
ods (see, e.g., U.S. Pat. No. 4,816,567). The “monoclonal 
antibodies” may also be isolated from phage antibody librar 
ies using the techniques described in Clackson et al., Nature, 
352:624-628 (1991) and Marks et al., .1. Mol. Biol., 2221581 
597 (1991), for example. 
[0055] The monoclonal antibodies herein speci?cally 
include “chimeric” antibodies in Which a portion of the heavy 
and/or light chain is identical With or homologous to corre 
sponding sequences in antibodies derived from a particular 
species or belonging to a particular antibody class or subclass, 
While the remainder of the chain(s) is identical With or 
homologous to corresponding sequences in antibodies 
derived from another species or belonging to another anti 
body class or subclass, as Well as fragments of such antibod 
ies, so long as they exhibit the desired biological activity 
(US. Pat. No. 4,816,567; and Morrison et al., Proc. Natl. 
Acad. Sci. USA, 81:6851-6855 (1984)). Chimeric antibodies 
of interest herein include “primatiZed” antibodies comprising 
variable domain antigen-binding sequences derived from a 
non-human primate (e.g. Old World Monkey, Ape etc) and 
human constant region sequences. 
[0056] “Antibody fragments” comprise a portion of an 
intact antibody, preferably comprising the antigen-binding or 
variable region thereof. Examples of antibody fragments 
include Fab, Fab‘, F(ab')2, and Fv fragments; diabodies; linear 
antibodies; single-chain antibody molecules; and multispe 
ci?c antibodies formed from antibody fragment(s). 
[0057] An “intact” antibody is one Which comprises an 
antigen-binding variable region as Well as a light chain con 
stant domain (CL) and heavy chain constant domains, CH1, 
C H2 and C H3. The constant domains may be native sequence 
constant domains (e.g. human native sequence constant 
domains) or amino acid sequence variant thereof. Preferably, 
the intact antibody has one or more effector functions. 

[0058] Antibody “effector functions” refer to those biologi 
cal activities attributable to the Fc region (a native sequence 
Fc region or amino acid sequence variant Fc region) of an 
antibody. Examples of antibody effector functions include 
C1q binding; complement dependent cytotoxicity; Fc recep 
tor binding; antibody-dependent cell-mediated cytotoxicity 
(ADCC); phagocytosis; doWn regulation of cell surface 
receptors (e.g. B cell receptor; BCR), etc. 
[0059] Depending on the amino acid sequence of the con 
stant domain of their heavy chains, intact antibodies can be 
assigned to different “classes”. There are ?ve major classes of 
intact antibodies: lgA, lgD, lgE, IgG, and IgM, and several of 
these may be further divided into “subclasses” (isotypes), 
e.g., lgGl, lgG2, lgG3, lgG4, IgA, and lgA2. The heavy 
chain constant domains that correspond to the different 
classes of antibodies are called 0t, [3, e, y, and [1, respectively. 
The subunit structures and three-dimensional con?gurations 
of different classes of immunoglobulins are Well knoWn. 
[0060] “Antibody-dependent cell-mediated cytotoxicity” 
and “ADCC” refer to a cell-mediated reaction in Which non 
speci?c cytotoxic cells that express Fc receptors (FcRs) (e.g. 










































































