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Abstract

Overexpression of epidermal growth factor receptor (EGFr) has been demonstrated on many human tumors, and the increase
in receptor expression levels has been linked with a poor clinical prognosis. Blocking the interaction of EGFr and the growth
factors could lead to the arrest of tumor growth and possibly result in tumor cell death. To this end, using XenoMouse™
technology, ABX-EGF, a human IgG2 monoclonal antibody (mAb) specific to human EGFr, has been generated. ABX-EGF
binds EGFr with high affinity (5×10−11 M), blocks the binding of both EGF and transforming growth factor-a (TGF-a) to
various EGFr-expressing human carcinoma cell lines, and inhibits EGF-dependent tumor cell activation, including EGFr tyrosine
phosphorylation, increased extracellular acidification rate, and cell proliferation. In vivo ABX-EGF prevents completely the
formation of human epidermoid carcinoma A431 xenografts in athymic mice. More importantly, administration of ABX-EGF
without concomitant chemotherapy results in complete eradication of established tumors. No tumor recurrence was observed for
more than 8 months following the last antibody injection, further indicating complete tumor cell elimination by the antibody.
Inhibition of human pancreatic, renal, breast and prostate tumor xenografts which express different levels of EGFr by ABX-EGF
was also achieved. Tumor expressing more than 17 000 EGFr molecules per cell showed significant growth inhibition when treated
with ABX-EGF. ABX-EGF had no effect on EGFr-negative tumors. The potency of ABX-EGF in eradicating well-established
tumors without concomitant chemotherapy indicates its potential as a monotherapeutic agent for treatment of multiple
EGFr-expressing human solid tumors, including those where no effective chemotherapy is available. Utilization of mAbs directed
to growth factor receptors as cancer therapeutics has been validated recently by the tumor responses obtained from clinical trials
with Herceptin, the humanized anti-HER2 antibody, in patients with HER2 overexpressing metastatic breast cancer. Being a fully
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human antibody, ABX-EGF is anticipated to exhibit a long serum half-life and minimal immunogenicity with repeated
administration, even in immunocompetent patients. These results demonstrate the potent anti-tumor activity of ABX-EGF and
its therapeutic potential for the treatment of multiple human solid tumors that overexpress EGFr. © 2001 Elsevier Science Ireland
Ltd. All rights reserved.
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1. Production of human monoclonal antibody using
XenoMouse technology

1.1. E6olution of monoclonal antibody technology

With the development of hybridoma technology by
Kohler and Milstein more than 25 years ago, the
potential of monoclonal antibodies (mAbs) for human
therapy was easily appreciated [1]. However, the promise
of the ‘magic bullet’ was not immediately realized since
the first generation of mAbs was derived from mouse and
the mouse mAbs were in general immunogenic in humans
leading to the generation of human anti-mouse antibody
(HAMA) responses, thus limiting efficacy in long term
and repeated administration.

To reduce the immunogenicity of the mouse mAbs and
to overcome the problem of HAMA, tremendous efforts
have been made to engineer part-human, part-mouse
‘chimeric’ mAbs and mostly human ‘humanized’ mAbs
(Fig. 1). The chimeric mAb is created by genetically
combining the antigen-binding regions (Fv) of the mouse
antibody with human IgG constant domains. The result-
ing chimeric antibody consists of 34% mouse protein [2].
The humanized mAbs are constructed by ‘implanting’
the complementary-determining regions (CDR) of the
mouse antibody into the human IgG framework. The
humanized antibody still contains approximately 5–10%
mouse protein sequences [3]. Although the chimeric and
humanized recombinant mAbs have improved the ther-
apeutic utility, they require significant protein engineer-
ing efforts and could be still immunogenic [2,3].
Therefore, to fully realize the value of mAb technology,
the ultimate goal is to establish a simple and robust
system by which fully human mAbs can be readily
generated. To this end, transgenic strains of mouse,

XenoMouse strains, have been created by introducing
human immunoglobulin genes into mice engineered to
lack functional mouse immunoglobulin genes.

1.2. XenoMouse technology and fully human
monoclonal antibodies

To reconstitute a robust human humoral immune
system in mice, the mouse endogenous Ig gene loci were
functionally inactivated by gene targeted deletions of
crucial cis-acting sequences of heavy and light (k) chains
involved in the mouse Ig gene rearrangement and expres-
sion, JH and Ck, respectively [4,5]. The mouse embryonic
stem (ES) cells containing the targeted heavy or k chain
allele were utilized to generate mice homozygous for each
of the JH or Ck deletions. Crossbreeding of these mice
yielded double-inactivated (DI) mice, homozygous for
both mutations. In order to preserve the variable gene
diversity and to maintain the regulatory elements that
control antibody recombination and expression, DNA
fragments spanning the majority of the human heavy and
light chain loci were cloned and recombined into yeast
artificial chromosomes (YACs) in germline configura-
tion. The heavy chain YACs encompassed 66 different
consecutive VH genes (representing about 80% of the
human VH gene repertoire), all 30 D segments, and all
six JH genes. The Cd region was retro-fitted with the
human g1, g2 or g4 constant region.Ck constant region.
The heavy and light chain YACs were introduced into
mice via fusion of YAC-containing yeast spheroplasts
with mouse ES cells [5–7]. Crossbreeding of these mouse
strains resulted in the transgenic mice producing human
antibodies in the presence of mouse antibodies.
Finally the XenoMouse strains which are homozygous
for the inactivated mouse heavy and k-chain genes

Fig. 1. Evolution of monoclonal antibody technology.
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Fig. 2. Creation of XenoMouse technology. XenoMouse strains were created by introducing human Ig genes into the mice, which carry the
inactivated mouse Ig gene loci.

and bearing one allele each of the human heavy and the
k chain were created by breeding the human antibody-
producing transgenic mice with the DI mouse strain [7]
(Fig. 2).

Analysis of XenoMouse lymphoid organs and serum
revealed that B cell development and the serum human
antibody responses were restored [8]. More impor-
tantly, diverse human antibody responses to multiple
antigens were demonstrated in the XenoMouse strains.
Upon immunization with either soluble antigens such
as IL-8 or cell-bound antigens such as EGFr, high
affinity fully human mAbs were generated using stan-
dard hybridoma technology [7]. XenoMouse technol-
ogy offers a unique and reliable source for rapid
generation and production of antigen-specific and high
affinity fully human therapeutic mAbs. Fully human
mAbs are anticipated to be nonimmunogenic and thus
to allow repeated administration without human anti-
human antibody response. This provides a significant
advantage in antibody therapy of chronic and recurring
human disease, such as cancer. In this article, the
properties and the anti-tumor activity of a XenoMouse-
derived fully human anti-EGFr antibody, ABX-EGF,
are summarized.

2. ABX-EGF, a fully human monoclonal antibody to
EGF receptor

2.1. EGFr o6erexpression on human tumors

Various growth factors and growth factor receptors
have been implicated in a wide variety of human can-
cers. EGF is a mitogenic hormone that regulates the
proliferation and differentiation of normal and neoplas-
tic cells in vitro as well as in vivo. Production of
TGF-a, an EGF-related polypeptide growth factor, has
been associated with cellular transformation. The
EGFr, which binds both EGF and TGF-a, is struc-

turally related to the transforming protein encoded by
the v-erbB oncogene of avian erythroblastosis virus.
This homology between EGFr and an oncogene
product suggests that growth factor receptor abnormal-
ity may contribute to neoplastic transformation [15].

Elevated levels of EGFr expression characterize a
wide range of carcinomas such as epidermal and
squamous cell carcinomas, non-small cell lung cancer,
and gliomas [9–11]. The overexpression is either the
consequence of gene amplification, as in the case of
many gliomas, or, more commonly, of increased gene
transcription [10]. It was proposed that overexpression
of EGFr plays a role in the tumorigenesis of cancer
cells [12]. Indeed, invasiveness and poor differentiation
were found to correlate with the high number of EGF
receptors in some tumors such as bladder [13]. More-
over, several tumors show association of increased
EGFr expression with detectable levels of its ligand,
TGF-a, and TGF-a can act as a potent mitogen in cells
overexpressing EGFr, suggesting the involvement of the
EGFr/TGF-a autocrine loop in the development of
some human malignancies [14].

Numerous neutralizing mAbs specific to the human
EGFr have been generated from rodents [15–19]. Some
of these antibodies, such as the murine mAbs 225 and
528, have been extensively characterized and evaluated
in mouse xenograft models [15–17]. When administered
into mice bearing established human tumor xenografts,
225 and 528 mAbs caused a partial tumor regression
and required concomitant chemotherapy for complete
eradication of the tumors [16,17]. The chimeric version
of the 225 mAb (C225) showed an improved binding
affinity and in vivo anti-tumor activity at the high doses
[20]. These data established a rationale for antibody
therapy targeting EGFr expressing solid tumors. How-
ever, being a mouse or mouse-human chimeric antibody
and the requirement for chemotherapy can limit the
efficacy and utilization of anti-EGFr antibodies for
patients who developed HAMA responses and patients
with cancers for which chemotherapy is unavailable.
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Therefore, the identification of a fully human anti-
EGFr mAb that can be used as monotherapy may
expand the patient population and allow repeated ad-
ministrations in immunocompetent patients. A panel of
fully human mAbs was generated against EGFr using
the XenoMouse technology [21].

2.2. Generation and selection of ABX-EGF

A panel of human IgG2 anti-EGFr mAbs was gener-
ated by immunizing the XenoMouse IgG2 strain with
cells of the human cervical epidermal carcinoma cell
line A431, which expresses more than 106 EGFrs per
cell. A total of 70 EGFr-specific hybridomas were
established from five fusions. Among these, at least 15
are neutralizing antibodies. The anti-EGFr mAbs
demonstrated high binding affinity to EGFr (10−9–
10−11 M) [22]. In vitro, ABX-EGF, formerly known as
clone E7.6.3 [21], binds EGFr with an affinity of 5×
10−11 M, blocks the binding of both EGF and TGF-a
to the receptor, and inhibits EGF-activated EGFr ty-
rosine phosphorylation and tumor cell activation. This
results in the inhibition of in vitro tumor cell prolifera-
tion. ABX-EGF does not activate the EGFr tyrosine
kinase. Upon binding to the receptor, ABX-EGF
causes EGFr internalization in tumor cells (unpublished
data). The ABX-EGF-producing hybridoma was found
to have a relatively high productivity of 12 pg/cell per
day in serum-free medium [21].

2.3. EGF receptor-dependent tumor inhibition

Administration of ABX-EGF led to the complete
prevention of A431 tumor formation, eradication of
established tumors, and inhibition of tumor growth at

relatively low doses without concomitant chemotherapy
or radiation therapy in xenograft tumor models. The
data indicate that ABX-EGF can provide effective ther-
apy to tumors that require the EGFr pathway for their
continuous progression and survival. To verify further
this concept and to elucidate the mechanism of action,
we evaluated the anti-tumor effect of ABX-EGF on
multiple human solid tumors that are derived from
different tissues and display different expression levels
of EGFr in xenograft models.

The EGFr expression level on the cell surface was
quantitated using flow cytometric analysis of immu-
nofluorescent stained cells. The number of EGFr was
determined by analytical flow cytometry in conjunction
with fluorescent R-phycoerythrin (R-PE) bound mi-
crobead standards [23]. Cells were incubated in the
presence of mouse anti-EGFr antibody 225, washed,
and stained with R-PE-conjugated goat-anti-mouse
IgG. The resulting cellular fluorescence intensity was
extrapolated onto a standard fluorescence calibration
curve derived from an R-PE quantitative fluorescence
standard kit (Flow Cytometry Standards Corporation,
San Juan, PR). The microbead standard consisted of
goat-anti-mouse IgG covalently bound to the exterior
of polymeric beads. The calibration curve was gener-
ated by plotting the given number of equivalent bound
R-PE molecules per bead versus the log of its mean
fluorescence intensity. As shown in Table 1, the EGFr
expression levels on human breast, epidermal, renal,
pancreatic, prostate, ovarian and colon carcinoma cell
lines ranged from 0 to 1.6 million copies per cell.

To determine whether the EGFr expression level on
tumor cells correlates with their responses to ABX-
EGF-mediated anti-tumor therapy, the tumor cells

Table 1
Effect of ABX-EGF on human tumor xenografts expressing different levels of EGFr

EGFr expressiona (EGFr number/cell)Tumor Tissue of origin Inhibition of tumorb

BreastMDA-MB-468 1 600 000 Yes
A431 Epidermal 1 200 000 Yes
SK-RC-29 Renal 77 000 Yes

PancreaticBxPC-3 63 000 Yes
PC-3 Yes30 000Prostate

OvarianIGROVI Yes30 000
HS766T Pancreatic 17 000 Yes
HPAC Pancreatic 11 000 No
HT29 Colon 9000 No

Colon 0SW707 No

a Cell surface EGFr numbers were quantitated by analytical flow cytometry using fluorescence standard kit.
b The inhibition of MDA-MB-468 and A431 tumor xenografts were shown in the previous study [21]. The experimental procedure and data are

presented in Fig. 3.
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Fig. 3. EGFr-dependent tumor inhibition by ABX-EGF. Human carcinoma cells (5×106) expressing different EGFr numbers on the cell surface
were inoculated s.c. into nude mice (n=10) at Day 0. Tumor sizes were measured twice a week for more than 8 weeks. ABX-EGF (1 mg) (filled
triangles) was given i.p. twice a week for 3 weeks from first day of tumor measurement. Control mice (�) received no treatment. (A) SK-RC-29:
renal carcinoma; (B) BxPC-3: pancreatic carcinoma; (C) IGROVI: ovarian carcinoma; (D) PC-3: prostate carcinoma; (E) HS766T: pancreatic
carcinoma; (F) HPAC: pancreatic carcinoma; (G) HT-29: colon carcinoma; and (H) SW707: colon carcinoma. ABX-EGF inhibited growth of the
tumors which express \17 000 EGFrs per cell. The data are presented as the mean tumor size9S.E.

derived from kidney (SK-RC-29), pancreas (BxPC-3,
HS766T, and HPAC), prostate (PC3), ovary (IGROVI)
and colon (HT-29 and SW707) were inoculated subcu-
taneously (s.c.) into nude mice (5×106 cells/mouse).
The mice were then treated intraperitoneally with 1mg
ABX-EGF twice a week for 3 weeks. Tumor sizes were
measured twice a week. As demonstrated in Fig. 3,
ABX-EGF treatment led to significant growth inhibi-
tion of tumors expressing 17 000 or more EGFrs per

cell. In contrast, the growth of tumors expressing
11 000 or fewer EGFrs per cell was unaffected by the
ABX-EGF treatment. Importantly, ABX-EGF had no
effect at all on the EGFr-negative tumor SW707. These
data strongly support the concept that overexpression
of EGFr on tumors is accompanied by growth-depen-
dency on the EGFr pathway and that blocking the
EGFr pathway with neutralizing anti-EGFr antibodies
such as ABX-EGF can lead to tumor growth arrest and
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tumor eradication. Furthermore, the data also indicate
that ABX-EGF can inhibit not only the tumors that
express extremely high level of EGFr such as A431 and
MDA-MB-468 but also other human carcinomas which
express substantially lower levels of EGFr (Table 1).
Considering the fact that normal human skin kerati-
nocytes express approximately 9200 EGFrs per cell,
ABX-EGF may not have significant impact on the
growth of EGFr-positive normal cells such as kerati-
nocytes [23].

The mechanism behind the potent in vivo anti-tumor
activity of ABX-EGF remains elusive but may involve
the induction of apoptosis triggered by blocking EGFr
signaling pathways, inhibition of angiogenesis, and/or
inhibition of differentiation of the tumor cells. Since
ABX-EGF is a human IgG2 antibody that essentially
lacks effector functions, complement-dependent cyto-
toxicity and antibody-dependent cell-mediated cytotoxi-
city probably do not account for the in vivo anti-tumor
effect. This is further supported by the fact that the
E7.5.2 antibody, which is also a human IgG2 anti-
EGFr antibody derived from the same XenoMouse
IgG2 strain but is nonneutralizing, had no significant
inhibitory effect on A431 xenograft tumor growth (Fig.
4).

3. Conclusion

XenoMouse technology has been proven to be a
useful tool to develop human therapeutic mAbs for the
treatment of variety of diseases, including cancer and
inflammatory diseases [21,24]. The XenoMouse-derived
fully human anti-EGFr mAb, ABX-EGF, demon-
strated potent anti-tumor activity as a monotherapeutic

agent in a variety of human carcinoma xenografts that
overexpress EGFr. The observation that tumor growth
inhibition by ABX-EGF is dependent on EGFr number
suggests that the growth of EGFr overexpressing tu-
mors may mainly rely on the EGFr pathway to prolif-
erate and ABX-EGF exerts anti-tumor activity via
efficient blockade of this growth pathway. With its
significant anti-tumor activity, anticipated minimal
antigenicity, and longer serum half-life, ABX-EGF may
prove to be a potent therapeutic agent for the treatment
of cancer. Based on these data, a phase I clinical trial
with ABX-EGF in multiple patient populations with
EGFr-expressing solid tumors has been initiated.

Reviewers

This article was reviewed by Dr Robert B. Cohen,
Division of Hematology/Oncology, Box 800716, Uni-
versity of Virginia Health System, Charlottesville, VA
22908, USA; Shimon Slavin, MD, Cancer Immunother-
apy Research Center, Hadassah University Hospital,
Jerusalem 91120, Israel; Gerd Ritter, Ph.D., Associate
Member, Lundwig Institute for Cancer Research, New
York Branch @ MSKCC, 1275 York Avenue, New
York, NY 10021, USA.

References

[1] Kohler G, Milstein C. Continuous cultures of fused cells secret-
ing antibody of predefined specificity. Nature 1975;256:495–7.

[2] Morrison S, Oi VT. Chimeric Immunoglobulin Genes. Im-
munoglobulin Genes. London: Academic Press, 1989:260–74.

[3] Riechmann L, Clark M, Waldmann H, Winter G. Reshaping
human antibodies for therapy. Nature 1988;332:323–7.

[4] Jakobovits A, Vergara GJ, Kennedy JL, Hales JF, McGuinness
RP, Casentini-Borocz DE, et al. Analysis of homozygous mutant
chimeric mice: deletion of the immunoglobulin heavy-chain join-
ing region blocks B-cell development and antibody production.
Proc Natl Acad Sci USA 1993;90:2551–5.

[5] Green LL, Hardy MC, Maynard-Currie CE, Tsuda H, Louie
DM, Mendez MJ, et al. Antigen-specific human monoclonal
antibodies from mice engineered with human Ig heavy and light
chain YACs. Nat Genet 1994;7:13–21.

[6] Jakobovits A, Moore AL, Green LL, Vergara GJ, Maynard-
Currie CE, Austin HA, et al. Germ-line transmission and expres-
sion of a human-derived yeast artificial chromosome. Nature
1993;362:255–8.

[7] Mendez MJ, Green LL, Corvalan JR, Jia XC, Maynard-Currie
CE, Yang XD, et al. Functional transplant of megabase human
immunoglobulin loci recapitulates human antibody response.
Nat Genet 1997;15:146–56.

[8] Green LL, Jakobovits A. Regulation of B cell development by
variable gene complexity in mice reconstituted with human im-
munoglobulin yeast artificial chromosomes. J Exp Med
1998;188:483–95.

[9] Modjtahedi H, Dean C. The receptor for EGF and its ligands:
expression, prognostic value and target for therapy in cancer.
Intl J Oncol 1994;4:277–96.

Fig. 4. ABX-EGF mediated anti-tumor effect depends on its neutral-
izing activity. Human epidermal carcinoma A431 cells (5×106) were
injected s.c. into nude mice at Day 0 (n=10). Tumor sizes were
measured twice a week. ABX-EGF or non-neutralizing human IgG2
anti-EGFr antibody, E7.5.2 (1 mg) were given i.p. twice a week for 3
weeks from the first day of tumor measurement. The anti-tumor
effect is dependent upon the neutralizing activity of ABX-EGF. The
data are presented as the mean tumor size9S.E.



X.-D. Yang et al. / Critical Re6iews in Oncology/Hematology 38 (2001) 17–23 23

[10] Gullick WJ. Prevalence of aberrant expression of the epidermal
growth factor receptor in human cancers. Br Med Bull
1991;47:87–98.

[11] Salomon DS, Brandt R, Ciardiello F, Normanno N. Epidermal
growth factor-related peptides and their receptors in human
malignancies. Crit Rev Oncol Hematol 1995;19:183–232.

[12] Di Fiore PP, Pierce JH, Fleming TP, Hazan R, Ullrich A, King
CR, et al. Overexpression of the human EGF receptor confers an
EGF-dependent transformed phenotype to NIH 3T3 cells. Cell
1987;51:1063–70.

[13] Neal DE, Marsh C, Bennett MK, Abel PD, Hall RR, Sainsbury
JR, et al. Epidermal-growth-factor receptors in human bladder
cancer: comparison of invasive and superficial tumours. Lancet
1985;1:366–8.

[14] Di Marco E, Pierce JH, Fleming TP, Kraus MH, Molloy CJ,
Aaronson SA, et al. Autocrine interaction between TGF alpha
and the EGF-receptor: quantitative requirements for induction
of the malignant phenotype. Oncogene 1989;4:831–8.

[15] Baselga J, Mendelsohn J. Receptor blockade with monoclonal
antibodies as anti-cancer therapy. Pharmacol Ther 1994;64:127–
54.

[16] Mendelsohn J, Baselga J. Antibodies to growth factor and
receptors. In: DeVita VT, Hellman S, Rosenblum JS, editors.
Biologic Therapy of Cancer. Philadelphia: J.B. Lippincott Com-
pany, 1995:607–23.

[17] Fan Z, Mendelsohn J. Therapeutic application of anti-growth
factor receptor antibodies. Curr Opin Oncol 1998;10:67–73.

[18] Modjtahedi H, Styles JM, Dean CJ. The human EGF receptor
as a target for cancer therapy: six new rat mAbs against the
receptor on the breast carcinoma MDA-MB 468. Br J Cancer
1993;67:247–53.

[19] Modjtahedi H, Eccles S, Box G, Styles J, Dean C. Immunother-
apy of human tumour xenografts overexpressing the EGF recep-
tor with rat antibodies that block growth factor-receptor
interaction. Br J Cancer 1993;67:254–61.

[20] Goldstein NI, Prewett M, Zuklys K, Rockwell P, Mendelsohn J.
Biological efficacy of a chimeric antibody to the epidermal
growth factor receptor in a human tumor xenograft model. Clin
Cancer Res 1995;1:1311–8.

[21] Yang XD, Jia XC, Corvalan JR, Wang P, Davis CG, Jakobovits
A. Eradication of established tumors by a fully human mono-
clonal antibody to the epidermal growth factor receptor without
concomitant chemotherapy. Cancer Res 1999;59:1236–43.

[22] Davis CG, Gallo ML, Corvalan JRF. Transgenic mice as a
source of fully human antibodies for the treatment of cancer.
Cancer Metast Rev 1999;00:18421–5.

[23] Lopez JG, Chew SJ, Thompson HW, Malter JS, Insler MS,
Beuerman RW. EGF cell surface receptor quantitation on ocular
cells by an immunocytochemical flow cytometry technique. In-
vest Ophthalmol Vis Sci 1992;33:2053–62.

[24] Yang XD, Corvalan JR, Wang P, Roy CM, Davis CG. Fully
human anti-interleukin-8 monoclonal antibodies: potential thera-
peutics for the treatment of inflammatory disease states. J
Leukoc Biol 1999;66:401–10.

Biography

Xiao-Dong Yang is Senior Scientist and the head of
the Preclinical Biology Division at Abgenix, Inc.

.


