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ERBB ANTAGONISTS FOR PAIN THERAPY 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 
[0001] The is a non-provisional application ?led under 37 
CFR 1.53(b), claiming priority under USC Section 119(e) to 
Provisional Application Ser. No. 60/561,076, ?led on Apr. 8, 
2004. 

FIELD OF THE INVENTION 

[0002] The present invention concerns ErbB antagonists 
for treating pain. 

BACKGROUND OF THE INVENTION 

[0003] Anti-ErbB Antibodies and their Use in Cancer 
Treatment 

[0004] 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 
ErbB1), HER2 (ErbB2 or p185“e“), HER3 (ErbB3) and 
HER4 (ErbB4 or tyro2). 

[0005] EGFR, encoded by the erbB1 gene, has been 
causally 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 resulting in receptor activation by an autocrine 
stimulatory pathWay. Baselga and Mendelsohn Pharmac. 
Ther. 64:127-154 (1994). Monoclonal antibodies directed 
against the EGFR or its ligands, TGF-ot and EGF, have been 
evaluated as therapeutic agents in the treatment of such 
malignancies. See, e.g., Baselga and Mendelsohn., supra; 
Masui et al. Cancer Research 44: 1002-1007 (1984); and Wu 
et al. J. Clin. Invest. 95:1897-1905 (1995). 

[0006] 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 transmem 
brane 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, 235:177-182 (1987); Slamon et al., Science, 
244:707-712 (1989); and US. Pat. No. 4,968,603). To date, 
no point mutation analogous to that in the neu proto 
oncogene has been reported for human tumors. Overexpres 
sion of ErbB2 (frequently 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, 229:974 (1985); 
Yokota et al., Lancet: 1:765-767 (1986); Fukushige et al., 
Mol Cell Biol., 6:955-958 (1986); Guerin et al., Oncogene 
Res., 3:21-31 (1988); Cohen et al., Oncogene, 4:81-88 
(1989); Yonemura et al., Cancer Res., 51:1034 (1991); Borst 
et al., Gynecol. Oncol., 38:364 (1990); Weiner et al., Cancer 
Res., 50:421-425 (1990); Kern et al., Cancer Res., 50:5184 
(1990); Park et al., CancerRes., 49:6605 (1989); Zhau et al., 
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Mol. Carcinog., 3:354-357(1990); Aasland et al. Br. J. 
Cancer 57:358-363 (1988); Williams et al. Pathiobiology 
59:46-52 (1991); and McCann et al., Cancer; 65:88-92 
(1990). ErbB2 may be overexpressed in prostate cancer (Gu 
et al. Cancer Lett. 99:185-9 (1996); Ross et al. Hum. Pathol. 
28:827-33 (1997); Ross et al. Cancer 79:2162-70 (1997); 
and Sadasivan et al. J. Urol. 150:126-31 (1993)). 

[0007] Antibodies directed against the rat p185neu and 
human ErbB2 protein products have been described. Drebin 
and colleagues have raised antibodies against the rat neu 
gene product, p185neu See, for example, Drebin et al., Cell 
41:695-706 (1985); Myers et al., Meth. Enzym. 198:277-290 
(1991); and WO94/22478. Drebin et al. Oncogene 2:273 
277 (1988) report that mixtures of antibodies reactive With 
tWo distinct regions of p185neu result in synergistic anti 
tumor effects on neu-transformed NIH-3T3 cells implanted 
into nude mice. See also US. Pat. No. 5,824,311 issued Oct. 
20, 1998. 

[0008] HudZiak et al., Mol. Cell. Biol. 9(3):1165-1172 
(1989) describe the generation of a panel of anti-ErbB2 
antibodies 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 proliferation by 56%. 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 characteriZed in Fendly et al. 
Cancer Research 50:1550-1558 (1990); Kotts et al. In Wtro 
26(3):59A (1990); Sarup et al. Growth Regulation 1:72-82 
(1991); Shepard et al. J. Clin. Immunol. 11(3): 117-127 
(1991); Kumar et al. Mol. Cell. Biol. 11(2):979-986 (1991); 
LeWis et al. Cancer Immunol. Immunother. 37:255-263 
(1993); Pietras et al. Oncogene 9:1829-1838(1994); Vitetta 
et al. Cancer Research 54:5301-5309 (1994); SliWkoWski et 
al. J. Biol. Chem. 269(20):14661-14665 (1994); Scott et al. 
J. Biol. Chem. 266:14300-5 (1991); D’souZa et al. Proc. 
Natl. Acad. Sci. 91:7202-7206 (1994); LeWis et al. Cancer 
Research 56:1457-1465(1996); and Schaefer et al. Onco 
gene 15:1385-1394 (1997). 

[0009] 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 
cancers that have received extensive prior anti-cancer 
therapy (Baselga et al., J. Clin. Oncol. 14:737-744 (1996)). 
HERCEPTIN® received marketing approval from the Food 
and Drug Administration Sep. 25, 1998 for the treatment of 
patients With metastatic breast cancer Whose tumors over 
express the ErbB2 protein. 

[0010] Other anti-ErbB2 antibodies With various proper 
ties have been described in Tagliabue et al. Int. J. Cancer 
47:933-937 (1991); McKenzie et al. Oncogene 4:543-548 
(1989); Maier et al. Cancer Res. 51:5361-5369 (1991); 
Bacus et al. Molecular Carcinogenesis 3:350-362 (1990); 
Stancovski et al. PNAS (USA) 88:8691-8695 (1991); Bacus 
et al. Cancer Research 52:2580-2589 (1992); Xu et al. Int. 
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J. Cancer 53:401-408 (1993); WO94/00136; KasprZyk et al. 
Cancer Research 52:2771-2776 (1992); Hancock et al. 
Cancer Res. 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. J. Biol. Chem. 
267:15160-15167 (1992), US. Pat. No. 5,783,186; and 
Klapper et al. Oncogene 14:2099-2109 (1997). 

[0011] Homology screening has resulted in the identi?ca 
tion of tWo other ErbB receptor family members; ErbB3 
(US. 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. 

[0012] 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 
Treatment 35: 115-132 (1995)). EGFR is bound by six 
different ligands; epidermal groWth factor (EGF), transform 
ing groWth factor alpha (TGF-ot), amphiregulin, heparin 
binding epidermal groWth factor (HB-EGF), betacellulin 
and epiregulin (Groenen et al. Growth Factors 11:235-257 
(1994)). A family of heregulin proteins resulting from alter 
native 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. Onco 
gene 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 11:235-257 (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 (NRG-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. 

[0013] 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 transphos 
phorylation appears to activate the ErbB2 tyrosine kinase. 
See Earp et al., supra. Likewise, When ErbB3 is co-ex 
pressed With ErbB2, an active signaling complex is formed 
and antibodies directed against ErbB2 are capable of dis 
rupting this complex (SliWkoWski et al., J. Biol. Chem., 
269(20):14661-14665 (1994)). Additionally, the affinity of 
ErbB3 for heregulin (HRG) is increased to a higher affinity 
state When co-expressed With ErbB2. See also, Levi et al., 
Journal ofNeuroscience 15: 1329-1340 (1995); Morrissey 
et al.,Proc. Natl. Acad. Sci. USA 92: 1431-1435 (1995); and 
LeWis et al., Cancer 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)). 
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[0014] Pain Management 

[0015] Chronic pain is a common symptom of a variety of 
diseases and pathologic conditions, and includes nociceptive 
pain (pain caused by an injury to body tissues), neuropathic 
pain (pain caused by abnormalities in the nerves, spinal 
cord, or brain), and psychogenic pain (entirely or mostly 
related to a psychological disorder). Nociceptive pain 
includes somatic pain, Which arises from bone, joint, 
muscle, skin, or connective tissue, and visceral pain, Which 
arises from visceral organs, such as the gastrointestinal tract 
and the pancreas. 

[0016] Mild to moderate pain is typically treated by non 
steroidal antiin?ammatory drugs (NSAIDs), such as 
acetaminophen, ibuprofen, aspirin, ketorolac, etodolac, and 
the like. Treatment of more severe chronic pain may include 
opiate and NSAID combinations, such as aspirin and oxy 
codone (Percodan), acetaminophen and hydrocodone (Vico 
din and Lortab). 

[0017] Pain is also a frequent symptom of advanced 
cancer. For example, about 60% of patients With hormone 
refractory prostate cancer suffer signi?cant pain. Typically 
the pain results directly from the cancer (including cancer 
metastasis), although sometimes it can also be associated 
With the cancer treatment itself. For example, chronic pain 
may develop if there has been nerve damage during surgical 
removal of cancer. Chemotherapy can also cause pain in 
several Ways. Some chemotherapy drugs, referred to as 
vesicants, can harm tissues if they leak out of the vein. In 
some instances, chemotherapy causes sores in the mouth 
(stomatitis) or lining of the intestines (mucositis). Peripheral 
neuropathy can occur With certain chemotherapy drugs 
When they are administered long-term in high doses. Radia 
tion treatment can also cause pain because it can affect 
normal cells that surround the cancerous tumor being 
treated. 

[0018] At present, cancer-related pain is usually managed 
by opiate analgesics, such as morphine or heroin With the 
goal to relieve the patient’s pain by adjusting the opiate 
dosage to maintain a pain score of 3 or less on a 10-point 
visual analog scale. This treatment, hoWever, is not optimal. 
Common side effects include droWsiness and constipation. 
In addition, patients often experience tolerance and develop 
a physical dependency on opiate analgesics, Which reduces 
the effectiveness of the pain treatment and raises serious 
issues of drug dependency. When an opioid is discontinued, 
WithdraWal symptoms may appear, the character and sever 
ity of Which are dependent upon such factors as the particu 
lar opioid being WithdraWn, the daily dose of the opioid that 
is being WithdraWn, the duration of opioid treatment, and the 
condition of the drug-dependent individual. WithdraWal 
itself is associated With symptoms including severe pain. 
Often the only effective treatment for cancer-related pain is 
successful eradication of the tumor. 

[0019] Severe, persisting pain is debilitating for patients 
and their caregivers, and is often under-treated due to fear of 
opioid addition by both patients and medical professionals. 
Since current therapies are unsatisfactory, it is important to 
develop further treatment modalities for the management of 
chronic pain, including cancer-related pain, that are more 
effective and are devoid of the undesired side-effects and 
risks associated With current treatment approaches. 
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SUMMARY OF THE INVENTION 

[0020] This invention is based, at least in part, on the 
surprising observation that patients With prostate cancer 
treated With an ErbB antagonist, namely rhuMAb 2C4, 
experienced diminished pain or shoWed reduced analgesia 
requirement, even Where the tumor Was progressing. This 
indicates that rhuMAb 2C4 has analgesic properties. 

[0021] In one aspect, the invention concern a method of 
treating pain in a patient comprising administering an effec 
tive dose of an ErbB antagonist to the patient. 

[0022] In another aspect, the invention concerns a method 
of treating pain in a patient comprising administering an 
ErbB antagonist to the patient in a dose con?rmed to reduce 
or eliminate the pain or the analgesia requirement of the 
patient. 

[0023] In one embodiment, the pain is measured by a pain 
score or quality of life score re?ective of pain. Pain may, for 
example, be measured by the McGill Pain Index on a six 
point scale of 0 to 5. Pain may alternatively be measured by 
using a visual analog scale of 0-100 re?ective of the sub 
jective feeling of pain of the patient. The analgesia require 
ment may be measured using an analgesia score. In a 
particular embodiment, one dose of a non-steroidal analge 
sic agent corresponds to an analgesia score of 1, and one 10 
mg dose of morphine, or an equivalent dose of another 
opiate analgesic agent corresponds to an analgesia score of 

[0024] 
[0025] In yet another embodiment, analgesia requirement 
is monitored daily. 

[0026] In another aspect, the invention cocnerns a method 
for treating cancer-related pain in a patient diagnosed With 
cancer, comprising administering an effective amount of an 
ErbB antagonist to the patient, Wherein the cancer is not in 
remission or continues to groW during said treatment. 

[0027] In a speci?c embodiment of the method, the cancer 
is not in remission during said treatment, or continues to 
group during treatment. 

In another embodiment, pain is monitored daily. 

[0028] The cancer can be any kind of cancer, including, 
for example, breast cancer, ovarian cancer, prostate cancer, 
pancreatic cancer, squamous cell cancer, lung cancer, cancer 
of the peritoneum, hepatocellular cancer, gastric cancer, 
glioblastoma, cervical cancer, liver cancer, bladder cancer, 
hepatoma, colon cancer, rectal cancer, colorectal cancer, 
endometrial or uterine carcinoma, salivary gland carcinoma, 
kidney cancer, vulval cancer, thyroid cancer, hepatic carci 
noma, anal carcinoma, penile carcinoma, and head and neck 
cancer. 

[0029] In a particular embodiment, the cancer is metastatic 
cancer. 

[0030] In another embodiment, the metastasis is soft tissue 
metastasis. 

[0031] In yet another embodiment, the metastasis includes 
bone metastasis. 

[0032] In a preferred embodiment, the cancer is prostate 
cancer, speci?cally including androgen independent prostate 
cancer. 
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[0033] In another embodiment, the cancer is prostate can 
cer, and the patient’s PSA shoWs no reduction during treat 
ment, or becomes elevated during treatment. 

[0034] In a further aspect, the invention concerns a 
method for treating non-cancer related pain in a patient 
comprising administering an effective amount of an ErbB 
antagonist to the patient. 

[0035] In a still further aspect, the invention concerns a kit 
comprising an effective amount of an ErbB antagonist, and 
instructions to administer said antagonist for the treatment of 
pain. 

[0036] In all aspects, the ErbB antagonist preferably is an 
antibody. The antibody can, for example, be a monoclonal 
antibody that binds an ErbB. In another embodiment, the 
antibody blocks ligand activation of an ErbB. In yet another 
embodiment, the antibody blocks formation of an ErbB 
heterodimer. In a preferred embodiment, the antibody blocks 
binding of monoclonal antibody 2C4 to ErbB2. In another 
preferred embodiment, the antibody has a biological char 
acteristic of monoclonal antibody 2C4. In a further preferred 
embodiment, the antibody comprises monoclonal antibody 
2C4 or humaniZed 2C4. 

[0037] The antibody may be an antibody fragment, such 
as, for example, a Fab fragment and may, or may not be 
conjugated With a cytotoxic agent. 

[0038] The pain treated in accordance With the present 
invention can be acute pain or chronic pain, such as, Without 
limitation, nociceptive pain, neuropathic pain and psy 
chogenic pain, and can be cancer related or not associated 
With cancer. When the pain is cancer related the cancer may, 
but does not have to, express an ErbB receptor, such as, 
ErbB2 and/or EGFR. In a speci?c embodiment, the cancer 
is metastatic cancer, Where the metastasis can be soft tissue 
and/or bone metastasis. 

[0039] In another embodiment, the cancer is selected from 
the group consisting of breast cancer, ovarian cancer, pros 
tate cancer, pancreatic cancer, squamous cell cancer, lung 
cancer, cancer of the peritoneum, hepatocellular cancer, 
gastric cancer, glioblastoma, cervical cancer, liver cancer, 
bladder cancer, hepatoma, colon cancer, rectal cancer, col 
orectal cancer, endometrial or uterine carcinoma, salivary 
gland carcinoma, kidney cancer, vulval cancer, thyroid can 
cer, hepatic carcinoma, anal carcinoma, penile carcinoma, 
and head and neck cancer. 

[0040] In a particular embodiment, the cancer is prostate 
cancer, such as, for example, androgen independent prostate 
cancer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] FIGS. 1A and 1B depict epitope mapping of 
residues 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 
(Nakamura et al. J. of Virology 67(10):6179-6191 (1993); 
and RenZ et al.]. Cell Biol. 125(6): 1395-1406 (1994)). The 
various ErbB2-ECD truncations or point mutations Were 
prepared from cDNA using polymerase chain reaction tech 
nology. The ErbB2 mutants Were expressed as gD fusion 
proteins in a mammalian expression plasmid. This expres 
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sion 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. One day following transfection, 
the cells were metabolically labeled overnight in methionine 
and cysteine-free, low glucose DMEM containing 1% dia 
lyZed fetal bovine serum and 25 pCi each of 35 S methionine 
and 35 S cysteine. Supernatants were harvested and either the 
anti-ErbB2 monoclonal antibodies or control antibodies 
were added to the supernatant and incubated 2-4 hours at 4° 
C. The complexes were precipitated, 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, 7F3, 2C4, 7D3, 3E8, 4D5, 2H11 and 3H4 
bind various ErbB2 ECD epitopes. 

[0042] FIGS. 2A and 2B show the effect of anti-ErbB2 
monoclonal antibodies 2C4 and 7E3 on rHRG[31 activation 
of MCF7 cells. FIG. 2A shows dose-response curves for 
2C4 or 7E3 inhibition of HRG stimulation of tyrosine 
phosphorylation. FIG. 2B shows dose-response curves for 
the inhibition of 125I-labeled rHRG[31177_244 binding to 
MCF7 cells by 2C4 or 7E3. 

[0043] FIG. 3 depicts inhibition of speci?c 125I-labeled 
rHRGBlm244 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[31177_244 binding was determined 
from parallel incubations performed in the presence of 100 
nM rHRG[31. Values for nonspeci?c 125I-labeled rHRG[31177_ 
244 binding were less than 1% of the total for all the cell lines 
tested. 

[0044] 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 37° C. Subsequently rHRG[31 (1 nM) or medium 
alone were added and the cells were incubated for 4 days. 
Monolayers were washed and stained/?xed with 0.5% crys 
tal violet. To determine cell proliferation the absorbance was 
measured at 540 nm. 

[0045] 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. 
[0046] 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 
rHRG[31 activation of p180 tyrosine phosphorylation in 
MCF7 cells performed as described in Lewis et al. Cancer 
Research 56:1457-1465 (1996). 
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[0047] FIGS. 7A and 7B depict alignments of the amino 
acid sequences of the variable light (VL) (FIG. 7A) and 
variable heavy (VH) (FIG. 7B) domains of murine mono 
clonal antibody 2C4 (SEQ ID Nos. 1 and 2, respectively); 
VL and VH domains of humaniZed 2C4 version 574 (SEQ ID 
Nos. 3 and 4, respectively), and human VL and VH consensus 
frameworks (hum K1, light kappa subgroup I; humIII, heavy 
subgroup III) (SEQ ID Nos. 5 and 6, respectively). Asterisks 
identify differences between humaniZed 2C4 version 574 
and murine monoclonal antibody 2C4 or between human 
iZed 2C4 version 574 and the human framework. Comple 
mentarity Determining Regions (CDRs) are in brackets. 

[0048] FIGS. 8A to C show binding of chimeric Fab 2C4 
(Fab.v1) and several humaniZed 2C4 variants to ErbB2 
extracellular domain (ECD) as determined by ELISA in 
Example 3. 

[0049] FIG. 9 is a ribbon diagram of the VL and VH 
domains of monoclonal antibody 2C4 with white CDR 
backbone labeled (L1, L2, L3, H1, H2, H3). VH side chains 
evaluated by mutagenesis during humaniZation (see 
Example 3, Table 2) are also shown. 

[0050] FIG. 10 depicts the effect of monoclonal antibody 
2C4 or HERCEPTIN® on EGF, TGF-ot, or HRG-mediated 
activation of mitogen-activated protein kinase 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0051] Unless de?ned otherwise, technical and scienti?c 
terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Singleton et al., Dictionary of Microbi 
ology and Molecular Biology 2nd ed., J. Wiley & Sons (New 
York, NY. 1994) provides one skilled in the art with a 
general guide to many of the terms used in the present 
disclosure. 

I. De?nitions 

[0052] The term “pain” is used herein in the broadest 
sense and refers to all types of pain, including acute and 
chronic pain, such as nociceptive pain, e.g. somatic pain and 
visceral pain; neuropathic pain, e. g. centrally generated pain 
and peripherally generated pain; and psychogenic pain. The 
term preferably refers to chronic pain, most preferably 
nociceptive pain, including somatic pain and visceral pain, 
which can be cancer related, not associated with cancer, or 
only partially associated with cancer. 

[0053] The term “nociceptive pain” is used to include all 
pain caused by injury to body tissues, including, without 
limitation, by a cut, bruise, bone fracture, crush injury, burn, 
and the like. This type of pain is typically aching, sharp, or 
throbbing. Pain receptors for tissue injury (nociceptor) are 
located mostly in the skin or in the internal organs. 

[0054] The term “somatic pain” is used to refer to pain 
arising from bone, joint, muscle, skin, or connective tissue. 
This type of pain is typically aching or throbbing in quality 
and is well localiZed. 

[0055] The term “visceral pain” is used herein to refer to 
pain arising from visceral organs, such as the gastrointestinal 
tract and pancreas. Visceral pain includes aching and fairly 
well localiZed pain caused by tumor involvement of the 
organ capsule. Another type of visceral pain, which is 
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typically caused by obstruction of hollow viscus, is charac 
teriZed by intermittent cramping and poorly localized pain. 

[0056] The term “neuropathic pain” is used herein to refer 
to pain originating from abnormal processing of sensory 
input by the peripheral or central nervous system. 

[0057] The term “analgesia” is used to refer to the absence 
of pain in response to a stimulus that Would be normally 
painful and to a treatment With an analgesic agent. The term 
“analgesic agent” and grammatical equivalents thereof refer 
to agents that are capable of invoking analgesia. 

[0058] The term “analgesia requirement” of a patient is 
used herein to refer to the need of administering an analgesic 
agent (other than an ErbB antagonist) to a patient in order to 
manage the patient’s pain. 

[0059] “Treatment” refers to both therapeutic treatment 
and prophylactic or preventative measures. Those in need of 
treatment include those already experiencing pain as Well as 
those in Which pain is to be prevented. 

[0060] The term “effective amount” refers to an amount of 
the ErbB antagonist effective to reduce pain, at least to some 
extent, or to reduce or eliminate the analgesia requirement 
While maintaining the same or reduced pain score or sub 
jective feeling of pain as experienced under analgesia, prior 
to the administration of the ErbB antagonist. Pain and 
reduction in pain can be evaluated by using any of the pain 
score systems Well knoWn in the art of pain management 
and/or a Quality of Life Score system for pain. Preferably, 
pain is measured based on the McGill Pain Index using a 6 
point scale (0-5), Where 0=no pain, 1=mild pain, 2=discom 
forting pain, 3=distressing pain, 4=horrible pain, 5=excru 
ciating pain. Quality of Life Score for pain can be deter 
mined using a visual analog scale of 0-100. 

[0061] The terms “cancer” and “cancerous” refer to or 
describe the physiological condition in mammals that is 
typically characteriZed by unregulated cell groWth. 
Examples of cancer include, but are not limited to, carci 
noma, lymphoma, blastoma, sarcoma, and leukemia or lym 
phoid malignancies. More particular examples of such can 
cers include squamous cell cancer (e.g. epithelial squamous 
cell cancer), lung cancer including small-cell lung cancer, 
non-small cell lung cancer, adenocarcinoma of the lung and 
squamous carcinoma of the lung, cancer of the peritoneum, 
hepatocellular cancer, gastric or stomach cancer including 
gastrointestinal cancer, pancreatic cancer, glioblastoma, cer 
vical cancer, ovarian cancer, liver cancer, bladder cancer, 
hepatoma, breast cancer, colon cancer, rectal cancer, col 
orectal cancer, endometrial or uterine carcinoma, salivary 
gland carcinoma, kidney or renal cancer, prostate cancer, 
vulval cancer, thyroid cancer, hepatic carcinoma, anal car 
cinoma, penile carcinoma, as Well as head and neck cancer. 

[0062] The term “PSA” is used herein to refer to the level 
of a prostate-speci?c antigen in the blood produced by the 
prostate, as determined by the prostate-speci?c antigen test. 
The amount of this antigen increases if the prostate is 
cancerous, and typically continues to increase as the cancer 
progresses. 

[0063] An “ErbB” is a receptor protein tyrosine kinase 
Which belongs to the ErbB receptor family and includes 
EGFR, ErbB2, ErbB3 and ErbB4 receptors and other mem 
bers of this family to be identi?ed in the future. The ErbB 
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Will generally comprise an extracellular domain, Which may 
bind an ErbB ligand; a lipophilic transmembrane domain; a 
conserved intracellular tyrosine kinase domain; and a car 
boxyl-terminal signaling domain harboring several tyrosine 
residues Which can be phosphorylated. The ErbB may be a 
“native sequence” ErbB or an “amino acid sequence variant” 
thereof. Preferably the ErbB is native sequence human 
ErbB. 

[0064] The terms “ErbB1”, “epidermal groWth factor 
receptor,”“HER1,” 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); type II EGFR mutant (US. Pat. No. 
6,455,498) etc). erbB1 refers to the gene encoding the EGFR 
protein product. 
[0065] 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 3191230 
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. 

[0066] “ErbB3” and “HER3” refer to the receptor 
polypeptide 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 (1989). 

[0067] 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. 

[0068] By “ErbB ligand” is meant a polypeptide Which 
binds to and/or activates an ErbB. The term includes mem 
brane-bound precursor forms of the ErbB ligand, as Well as 
proteolytically processed soluble forms of the ErbB ligand. 
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) (Mar 
quardt 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., Sci 
ence 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) (CarraWay 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 
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capable of binding ErbB4 include betacellulin, epiregulin, 
HB-EGF, NRG-2, NRG-3, NRG-4 and heregulins. 

[0069] “Heregulin” (HRG) When used herein refers to a 
polypeptide encoded by the heregulin gene product as 
disclosed in US. Pat. No. 5,641,869 or Marchionni et al., 
Nature, 362:312-318 (1993). Examples of heregulins 
include heregulin-ot, heregulin-[31, heregulin-[32 and heregu 
lin-[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 recep 
tor-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 polypeptide, such as an EGF-like domain 
fragment thereof (eg HRG[31177_244). 

[0070] An “ErbB hetero-oligomer” herein is a nonco 
valently associated oligomer comprising at least tWo differ 
ent ErbBs. Such complexes may form When a cell express 
ing tWo or more ErbBs is exposed to an ErbB ligand 

(SliWkoWski et al., J. Biol. Chem, 269(20):14661-14665 
(1994)). Examples of such ErbB hetero-oligomers include 
EGFR-ErbB2, ErbB2-ErbB3 and ErbB3-ErbB4 complexes. 
Moreover, the ErbB hetero-oligomer may comprise tWo or 
more ErbB2 receptors combined With a different ErbB, such 
as ErbB3, ErbB4 or EGFR. Other proteins, such as a 
cytokine receptor subunit (e.g. gp130) may be included in 
the hetero-oligomer. The patient herein may have been 
subjected to an assay to determine Whether ErbB het 
erodimers, especially an EGFR-ErbB2 and/or ErbB2-ErbB3 
heterodimer are present in cells of the patient, eg in 
diseased tissue therefrom. 

[0071] By “ligand activation of an ErbB” is meant signal 
transduction (eg that caused by an intracellular kinase 
domain of an ErbB phosphorylating tyrosine residues in the 
ErbB or a substrate polypeptide) mediated by ErbB ligand 
binding to a ErbB hetero-oligomer comprising the ErbB 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 ErbBs in the hetero-oligomer 
and thereby results in phosphorylation of tyrosine residues 
in one or more of the ErbBs and/or phosphorylation of 
tyrosine residues in additional substrate polypeptides(s). 
ErbB activation can be quanti?ed using various tyrosine 
phosphorylation assays. 

[0072] An “ErbB antagonist” is a molecule Which blocks 
(reduces or prevents) a biological activity of one or more 
ErbB(s). Preferably, the antagonist blocks (reduces or pre 
vents) ligand activation of an ErbB. Generally, the antago 
nist Will be an antibody, small peptide or non-peptide 
(organic) molecule, antisense molecule, oligonucleotide 
decoy, and the like, Which inhibits a biological activity of an 
ErbB receptor. Thus, for example, an antagonist may bind to 
or otherWise associate With an ErbB and reduce tyrosine 
kinase activation thereof. ErbB antagonists also include 
molecules that bind to or associate With ErbB ligands or 
other members of the ErbB signaling pathWay, thereby 
inhibiting ErbB biological activity. The preferred ErbB 
antagonist is an antibody that binds ErbB2, or EGFR, or a 
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hetero-oligomer (e. g. a heterodimer) comprising ErbB2 and/ 
or EGFR, and blocks ligand activation of an ErbB. The most 
preferred antagonist is rhuMAb 2C4 or a molecule having a 
biological characteristic of rhuMAb 2C4. By Way of 
example, the antagonist may also be an EGFR-targeted drug 
and/or a tyrosine kinase inhibitor. 

[0073] As used herein, the term “EGFR-targeted drug” 
refers to a therapeutic agent that binds to EGFR and, 
optionally, inhibits EGFR activation. Examples of such 
agents include antibodies and small molecules that bind to 
EGFR. Examples of antibodies Which bind to EGFR include 
MAb 579 (ATCC CRL HB 8506), MAb 455 (AT CC CRL 
HB8507), MAb 225 (ATCC CRL 8508), MAb 528 (ATCC 
CRL 8509) (see, US. Pat. No. 4,943,533, Mendelsohn et al.) 
and variants thereof, such as chimeriZed 225 (C225 or 
Cetuximab; ERBUTIX®) and reshaped human 225 (H225) 
(see, WO 96/40210, Imclone Systems Inc.); antibodies that 
bind type II mutant EGFR (US. Pat. No. 5,212,290); 
humaniZed and chimeric antibodies that bind EGFR as 
described in US. Pat. No. 5,891,996; and human antibodies 
that bind EGFR, such as ABX-EGF (see WO98/50433, 
Abgenix). The anti-EGFR antibody may be conjugated With 
a cytotoxic agent, thus generating an immunoconjugate (see, 
e.g., EP659,439A2, Merck Patent GmbH). Examples of 
small molecules that bind to EGFR include ZD1839 or 

Ge?tinib (IRESSA®; Astra Zeneca), CP-358,774 
(TARCEVA®; Genentech/OSI) and AG1478, AG1571 (SU 
5271; Sugen). 
[0074] A “tyrosine kinase inhibitor” is a molecule Which 
inhibits to some extent tyrosine kinase activity of a tyrosine 
kinase such as an ErbB. Examples of such inhibitors include 
the EGFR-targeted drugs noted in the preceding paragraph 
as Well as quinaZolines such as PD 153035, 4-(3-chloroa 
nilino) quinaZoline, pyridopyrimidines, pyrimidopyrim 
idines, pyrrolopyrimidines, such as CGP 59326, CGP 60261 
and CGP 62706, and pyraZolopyrimidines, 4-(pheny 
lamino)-7H-pyrrolo[2,3-d]pyrimidines, curcumin (diferu 
loyl methane, 4,5-bis (4-?uoroanilino)phthalimide), try 
phostines containing nitrothiophene moieties; PD-0183805 
(Warner-Lamber); antisense molecules (eg those that bind 
to ErbB-encoding nucleic acid); quinoxalines (US. Pat. No. 
5,804,396); tryphostins (US. Pat. No. 5,804,396); ZD6474 
(Astra Zeneca); PTK-787 (Novartis/Schering AG); pan 
ErbB inhibitors such as CI-1033 (P?zer); Af?nitac (ISIS 
3521; Isis/Lilly); Imatinib mesylate (Gleevac; Novartis); 
PKI 166 (Novartis); GW2016 (Glaxo SmithKline); CI-1033 
(P?zer); EKB-569 (Wyeth); Semaxanib (Sugen); ZD6474 
(AstraZeneca); PTK-787 (Novartis/Schering AG); INC 
1C11 (Imclone); or as described in any of the folloWing 
patent publications: US. Pat. No. 5,804,396; WO99/09016 
(American Cyanimid); WO98/43960 (American Cyana 
mid); WO97/38983 (Warner Lambert); WO99/06378 
(Warner Lambert); WO99/06396 (Warner Lambert); WO96/ 
30347 (P?Zer, Inc); WO96/33978 (Zeneca); WO96/3397 
(Zeneca); and WO96/33980 (Zeneca). 

[0075] A “native sequence” polypeptide is one Which has 
the same amino acid sequence as a polypeptide (e.g., ErbB 
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. 
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[0076] 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% 
homology With at least one receptor binding domain of a 
native ErbB ligand or With at least one ligand binding 
domain of a native ErbB, and preferably, they Will be at least 
about 80%, more preferably at least about 90% homologous 
With such receptor or ligand binding 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. 

[0077] “Homology” is de?ned as the percentage of resi 
dues in the amino acid sequence variant that are identical 
after aligning the sequences and introducing gaps, if neces 
sary, to achieve the maximum percent homology. Methods 
and computer programs for the alignment are Well knoWn in 
the art. One such computer program is “Align 2”, authored 
by Genentech, Inc., Which Was ?led With user documenta 
tion in the United States Copyright Of?ce, Washington, DC. 
20559, on Dec. 10, 1991. 

[0078] 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. 

[0079] The term “monoclonal antibody” as used herein 
refers to an antibody obtained from a population of substan 
tially homogeneous antibodies, i.e., the individual antibod 
ies comprising the population are identical except for vari 
ants that may arise during production of the antibody. 
Monoclonal antibodies are highly speci?c, being directed 
against a single antigenic site. Furthermore, in contrast to 
polyclonal antibody preparations Which include different 
antibodies directed against different determinants (epitopes), 
each monoclonal antibody is directed against a single deter 
minant on the antigen. In addition to their speci?city, the 
monoclonal antibodies are advantageous in that they may be 
synthesiZed uncontaminated by other antibodies. The modi 
?er “monoclonal” indicates the character of the antibody as 
being obtained from a substantially homogeneous popula 
tion 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 accor 
dance 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 
methods (see, e.g., U.S. Pat. No. 4,816,567). The “mono 
clonal antibodies” may also be isolated from phage antibody 
libraries using the techniques described in Clackson et al., 
Nature, 352:624-628 (1991) and Marks et al., J. Mol. Biol., 
222:581-597 (1991), for example. 

[0080] 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 
corresponding sequences in antibodies derived from a par 
ticular 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 antibod 
ies derived from another species or belonging to another 
antibody class or subclass, as Well as fragments of such 
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antibodies, 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 anti 
bodies 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. 

[0081] “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 mul 
tispeci?c antibodies formed from antibody fragment(s). 

[0082] An “intact” antibody is one Which comprises an 
antigen-binding variable region as Well as a light chain 
constant domain (CL) and heavy chain constant domains, 
CH1, CH2 and CH3. 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. 

[0083] Antibody “effector functions” refer to those bio 
logical 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 func 
tions include C1q binding; complement dependent cytotox 
icity; Fc receptor binding; antibody-dependent cell-medi 
ated cytotoxicity (ADCC); phagocytosis; doWn regulation of 
cell surface receptors (e.g. B cell receptor; BCR), etc. 

[0084] Depending on the amino acid sequence of the 
constant domain of their heavy chains, intact antibodies can 
be assigned to different “classes”. There are ?ve major 
classes of intact antibodies: IgA, IgD, IgE, IgG, and IgM, 
and several of these may be further divided into “subclasses” 
(isotypes), e.g., IgG1, IgG2, IgG3, IgG4, IgA, and IgA2. The 
heavy-chain constant domains that correspond to the differ 
ent classes of antibodies are called 0t, 6, e, y, and a, 
respectively. The subunit structures and three-dimensional 
con?gurations of different classes of immunoglobulins are 
Well knoWn. 

[0085] “Antibody-dependent cell-mediated cytotoxicity” 
and “ADCC” refer to a cell-mediated reaction in Which 
nonspeci?c cytotoxic cells that express Fc receptors (FcRs) 
(e.g. Natural Killer (NK) cells, neutrophils, and macroph 
ages) recogniZe bound antibody on a target cell and subse 
quently cause lysis of the target cell. The primary cells for 
mediating ADCC, NK cells, express FcyRIII only, Whereas 
monocytes express FcyRI, FcyRII and FcyRIII. FcR expres 
sion on hematopoietic cells in summariZed is Table 3 on 
page 464 of Ravetch and Kinet, Annu. Rev. Immunol 9:457 
92 (1991). To assess ADCC activity of a molecule of 
interest, an in vitro ADCC assay, such as that described in 
US. Pat. No. 5,500,362 or 5,821,337 may be performed. 
Useful effector cells for such assays include peripheral blood 
mononuclear cells (PBMC) and Natural Killer (NK) cells. 
Alternatively, or additionally, ADCC activity of the mol 
ecule of interest may be assessed in vivo, e.g., in a animal 
model such as that disclosed in Clynes et al. PNAS (USA) 
95:652-656 (1998). 

[0086] “Human effector cells” are leukocytes Which 
express one or more FcRs and perform effector functions. 


































































