
Abstract. Human carcinomas frequently express one or more
members of the epidermal growth factor receptor family. Two
family members, epidermal growth factor receptor (EGFR)
and c-erbB2/neu (HER2), homodimerize or heterodimerize
upon activation with ligand and trigger potent mechanisms of
cellular proliferation, differentiation and migration. In this
study, we examined the effect of the anti-EGFR monoclonal
antibody Erbitux™ (cetuximab) on human tumor cells
expressing both EGFR and HER2. Investigation of the effect
of cetuximab on the activation of EGFR-EGFR, EGFR-HER2
and HER2-HER2 homodimers and heterodimers was
conducted using the NCI-N87 human gastric carcinoma cell
line. Treatment of NCI-N87 cells with cetuximab completely
inhibited formation of EGFR-EGFR homodimers and EGFR-
HER2 heterodimers. Activation of HER2-HER2 homodimers
was not appreciably stimulated by exogenous ligand and was
not inhibited by cetuximab treatment. Furthermore, cetuximab
inhibited EGF-induced EGFR and HER2 phosphorylation
in CAL27, NCI-H226 and NCI-N87 cells. The activation of
downstream signaling molecules such as AKT, MAPK and
STAT-3 were also inhibited by cetuximab in these cells. To
examine the effect of cetuximab on the growth of tumors
in vivo, athymic mice bearing established NCI-N87 or CAL27
xenografts were treated with cetuximab (1 mg, i.p., q3d). The
growth of NCI-N87 and CAL27 tumors was significantly
inhibited with cetuximab therapy compared to the control
groups (p<0.0001 in both cases). In the CAL27 xenograft
model, tumor growth inhibition by cetuximab treatment was

similar to that by cetuximab and trastuzumab combination
treatment. Immunohistological analysis of cetuximab-treated
tumors showed a decrease in EGFR-HER2 signaling and
reduced tumor cell proliferation. These results suggest that
cetuximab may be useful in the treatment of carcinomas co-
expressing EGFR and HER2. 

Introduction

The ErbB family belongs to the type I receptor tyrosine
kinases and includes EGFR (HER1, ErbB1), Her2/neu (ErbB2),
ErbB3 (HER3) and ErbB4 (HER4). These receptors share
40-50% homology in amino acids and a similar structural
organization. They contain an extracellular binding domain, a
transmembrane domain, and an intracellular protein tyrosine
kinase (TK) domain. The exception is HER3, which has an
inactive intracellular TK domain (1). Of these four members of
the ErbB family, EGFR and HER2 have been implicated to
play oncogenic roles in human tumors (2). Overexpression of
EGFR has been observed in colorectal, glioblastoma, gastric,
breast, ovarian and squamous cell carcinomas (3). EGFR
overexpression has been shown to contribute to cell trans-
formation, proliferation and mitogenesis (4,5). Poor prognosis
and short survival were correlated with EGFR expression in
cancer patients (6). Overexpression of HER2 has also been
observed in many types of cancer. HER2 is overexpressed in
30% of breast and ovarian cancer and is correlated with
metastasis, early relapse and poor prognosis (7-10). Amplifi-
cation of the HER2 gene also was reported in a variety of
cancers including prostate, stomach and lung (11). Moreover,
tumors that co-express EGFR and HER2 appear to result in a
less favorable patient prognosis than tumors that express
either receptor alone (12), indicating co-operation of the two
receptors in tumor progression.

ErbB family members are activated by various ligands
except HER2, which may not have physiological ligands.
Upon ligand stimulation, ErbB family members form homo-
dimers or heterodimers and undergo receptor phosphorylation.
Although HER2 is unable to bind to any ligand, it can form
heterodimers with other members of the ErbB family
particularly EGFR and HER3 and therefore becomes activated
(13-15). This is supported by the evidence that EGF can only
activate HER2 when EGFR is present in the same cells (16).
The receptor dimerization results in conformational change
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and activation of the kinase domain leading to autophos-
phorylation and the induction of various signal transduction
cascades. It has been reported that EGFR and HER2 activate
various common signaling pathways including Ras/Raf/
MEK/ERK and PI3K/AKT (14). Activation of MAPK can
stimulate cell division and proliferation (17-19), and the PI3K/
AKT pathway plays important roles in cell survival (20,21).
Both pathways are important in the development and
maintenance of tumor cells, suggesting EGFR and HER2 are
therapeutic targets, and inhibition of both receptors should be
pursued in tumors expressing both receptors. 

Current EGFR- and HER2-based targeted therapies of
cancer include the use of monoclonal antibodies and small
molecule inhibitors. Cetuximab (Erbitux), a human-mouse
chimeric monoclonal antibody to EGFR, is able to block EGF-
or TGF-·-induced EGFR phosphorylation and activation,
which leads to inhibition of proliferation and growth of tumor
cells in vitro (3,22). The downstream AKT and MAPK
activation by EGF is often inhibited with cetuximab co-
incubation (23). Cetuximab has been shown to effectively
inhibit the growth of tumors expressing EGFR in animals and
cancer patients. The range of tumor cell lines inhibited by
cetuximab is rather broad. Almost all EGFR-positive tumor
cells can be targets for cetuximab, such as colorectal, lung,
prostate, head and neck, ovarian, esophagus, thyroid, liver and
pancreatic carcinomas (24-26). To date, cetuximab has been
approved for patients with colorectal and head and neck
cancer. X-ray crystal structure of the antigen-binding (Fab)
fragment from cetuximab in complex with the soluble extra-
cellular region of EGFR (sEGFR) has revealed the mechanism
by which cetuximab inhibits EGFR activation (27). Cetuximab
interacts exclusively with domain III of sEGFR, partially
occluding the ligand-binding region on this domain and
sterically preventing the receptor from adopting the extended
conformation required for dimerization. This suggests that
cetuximab disrupts both ligand binding and receptor dimer-
ization. Trastuzumab (Herceptin), a humanized monoclonal
antibody that targets the ectodomain of HER2, was approved
for the treatment of breast cancer patients and was shown to
prolong the survival of metastatic breast cancer patients with
tumors expressing HER2 (28). Trastuzumab has been shown to
be able to block HER2 activation and its signaling pathway
(29).

In this study, we examined the effect of cetuximab on the
formation of EGFR-EGFR, EGFR-HER2 and HER2-HER2
homodimers and heterodimers in human tumor cells expressing
both EGFR and HER2. We found that cetuximab binds to the
EGF receptor and inhibits EGFR-EGFR homodimerization
and EGFR-HER2 heterodimerization. EGFR and HER2
receptor phosphorylation and subsequent signal cascades also
were inhibited by cetuximab. Furthermore, cetuximab reduced
HER2 phosphorylation in vivo and inhibited the growth of
tumors expressing EGFR and HER2. 

Materials and methods

Cell lines. EGFR- and HER2-positive NCI-N87 gastric
carcinoma cells and NCI-H226 non-small cell lung cancer
(NSCLC) cells were maintained in RPMI-1640 media
(Invitrogen, CA) supplemented with 10% heat inactivated fetal

bovine serum (FBS) (Hyclone, UT). Squamous carcinoma
CAL27 cells were maintained in DMEM (Invitrogen)
supplemented with 10% FBS. Cell lines were obtained from
the American Type Culture Collection (Manassas, VA).

Monoclonal antibodies. Anti-EGFR monoclonal antibody
cetuximab (Erbitux) was produced by ImClone Systems
Incorporated manufacturing facility (Somerville, NJ). Anti-
HER2 monoclonal antibody trastuzumab (Herceptin) was
produced by Genentech Incorporated (Genentech Inc., CA).
Other antibodies used were anti-HER2 Ab10 (Neomarkers,
CA), anti-EGFR Ab11 (Neomarkers), anti-phospho-HER2
Ab -2241 and -2247 (Cell Signaling Technology, MA), anti-
phospho-EGFR Ab (Upstate Biotechnology, NY). Antibodies
to p-AKT (Ser473, Thr308), AKT, p-44/42 ERK 1/2
(Thr202/Tyr204), Erk 1/2 and p-STAT3 (Ser727, Tyr705)
were purchased from Cell Signaling Technology. 

Flow cytometry. Cells (1x106) were stained for 1 h with 10 μg/
ml anti-EGFR antibody cetuximab or with anti-HER2
antibody trastuzumab at 4˚C. Cells were washed and labeled
with FITC anti-human secondary antibody (Biosource Intl.,
CA) and analyzed using an Epics XL flow cytometer
(Coulter, FL).

Dimerization analysis. NCI-N87 cells were serum starved
overnight, washed with cold PBS containing 0.1 mM
Na2VO4, and treated with 20 μg/ml cetuximab or human IgG
for 30 min at 37˚C, followed by stimulation with 100 ng/ml
EGF ligand for 10 min at 37˚C. Cells were treated with cross-
linking reagent DTSSP according to the manufacturer's
protocol (Sigma, MO), washed twice with cold PBS/50 nm
Na2VO4 and lysed with lysis buffer containing 50 mM Tris
(pH 7.5), 150 mM NaCl, 1% Triton X-100, 0.25% deoxy-
cholic acid, 1 mM PMSF, 0.1 mM Na2VO4 and 1 mM NaF.
The lysates were then cleared by centrifugation. To detect
EGFR-EGFR homodimers, lysates were immunoprecipitated
with 10 μg/ml anti-HER2 antibody Ab10 for 1 h at 4˚C
followed by Protein A/G beads for 1 h at 4˚C to remove all
EGFR-HER2 and HER2-HER2 dimers from the lysates.
The HER2-cleared lysates were subjected to SDS-PAGE,
transferred to PVDF membranes and probed with anti-EGFR
mAb Ab11. To detect the EGFR-HER2 heterodimer, the
lysates were immunoprecipitated with 10 μg/ml anti-EGFR
antibody cetuximab for 1 h at 4°C followed by Protein A/G
beads for 1 h at 4˚C. The immunoprecipitates were then
subjected to Western blot analysis as described above probing
with anti-HER2 antibody Ab10. To detect HER2-HER2
homodimers, the lysates were immunoprecipitated with 10 μg/
ml anti-EGFR antibody cetuximab for 1 h at 4˚C followed by
Protein A/G beads for 1 h at 4˚C to remove all EGFR-HER2
and EGFR-EGFR dimers from the lysates. The EGFR-cleared
lysates were subjected to Western blot analysis as described
above using anti-HER2 antibody Ab10 as a probe. Protein
levels in total lysates were detected with anti-HER2 mAb Ab10
and anti-EGFR mAb Ab11 using Western blot analysis. 

Phosphorylation analysis. CAL27, NCI-H226 and NCI-N87
cells were serum starved overnight, washed with cold PBS
containing 0.1 mM Na2VO4 and treated with 20 μg/ml
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cetuximab or human IgG for 30 min at 37˚C, followed by
stimulation with 100 ng/ml EGF ligand for 10 min at 37˚C.
Cells were washed twice with cold PBS/50 nm Na2VO4 and
lysed with lysis buffer as described above. Total lysates were
separated by SDS-PAGE and transferred to PVDF membranes
and probed with phospho-specific anti-EGFR mAb and
phospho-specific anti-HER2 mAb (Tyr877 and Tyr1248).
For downstream signaling molecules, antibodies to p-AKT
(Ser473, Thr308), AKT, p-44/42 ERK 1/2 (Thr202/Tyr204),
Erk 1/2 and p-STAT3 (Ser727, Tyr705) were used. Immuno-
reactive bands were detected via ECL (Amersham Pharmacia
Biotech, NJ).

Proliferation assay. Cells were plated at 2x103 cells/well in
media with 1% FBS in 96-well flat bottom plates and
allowed to adhere. Human IgG, cetuximab, trastuzumab or a
combination of cetuximab and trastuzumab were added at
10 μg/ml and diluted down 1:2 in duplicates and incubated
for 6-7 days. CellTiter 96 Aqueous One Solution (Promega,
WI) (20 μl/well) was added, and plates were read at 490 nm
on an ELISA plate reader (Molecular Devices, CA).

Clonogenic assay. Cells were plated at 2000 cells/well in
RPMI-1640 with 10% FBS in 6-well tissue culture plates and
allowed to adhere. Cetuximab, trastuzumab and a combination
were added in triplicates at 5, 10 and 20 μg/ml and incubated
for 10-12 days. Colonies were washed, fixed, stained with
Crystal Violet and counted.

Animal studies. Athymic nude mice (Charles River, MA) were
injected with 5x106 NCI-N87 or 20x106 CAL27 cells mixed
with 1:1 Matrigel (Collaborative Research Biochemicals,
MA). Upon reaching 150-200 mm3 tumors were treated with
antibodies as indicated in the figures at 1 mg/dose M-W-F.
Measurements were taken twice a week. Tumor volumes were
analyzed using the RM ANOVA test. Statistical analyses
were computed using the SigmaStat statistical package
(version 2.03) (Jandel Scientific, CA).

Histology. Sections (4-μm) of formalin fixed, paraffin-
embedded NCI-N87 tumors treated with cetuximab or control
were stained with anti-P-HER2/Y1248 and P-EGFR/Y845
(Cell Signaling Technology) after heat-induced epitope

retrieval using the EnVision+ Rabbit System (Dako, CA) as
outlined in the kit instructions. After light counterstaining with
Mayer's hematoxylin, dehydration and coverslipping, sections
were examined using an Axioskop microscope (Zeiss, NY)
and images were digitized using a Sony camera (Sony Corp.,
TX) and Scion CG-7 framegrabber (Scion Corp., MD).

Results

EGFR and HER2 co-express in tumor cell lines. EGFR is
expressed in a variety of tumor cell lines such as head and
neck, colon, lung, pancreatic, ovarian and gastric cancer cell
lines. CAL27 (squamous carcinoma), NCI-H226 (non-small
cell lung cancer) and NCI-N87 (gastric carcinoma) were found
to express EGFR on the cell surface [mean fluorescence
intensity (MFI) was 981, 658 and 153 respectively) when
cells were analyzed by FACS (Fig. 1). HER2 was reported to
be mainly expressed by breast and ovarian cancer cells (7-10).
We found that CAL27 and NCI-H226 cells expressed low
levels of HER2 (MFI, 30 and 54 respectively), while NCI-N87
expressed high levels of HER2 (MFI, 1514) (Fig. 1). 

Cetuximab inhibits the formation of EGFR-EGFR homo-
dimers and EGFR-HER2 heterodimers. Since NCI-N87 cells
co-express reasonable amounts of EGFR and HER2, we
studied the effect of cetuximab on the dimer formation of
EGFR-EGFR, EGFR-HER2 and HER2-HER2 in this cell
line (Fig. 2). The receptor dimers were cross-linked with
DTSSP as described in Materials and methods. As shown in
Fig. 2, cetuximab blocked EGF-induced EGFR-EGFR dimer
formation. EGFR-HER2 dimers were detected by immuno-
precipitating with cetuximab and probing with anti-HER2
mAb (Fig. 2). In the presence of cetuximab, the formation of
such a dimer was inhibited. On the other hand, cetuximab had
no effect on HER2-HER2 dimer formation (Fig. 2). Even in
the absence of EGF, HER2-HER2 dimers were detected.

Cetuximab downregulates EGFR and HER2 phosphorylation
and downstream signaling events. To further study the effect
of cetuximab on receptor activation and the signaling pathway,
we measured P-EGFR, P-HER2, P-AKT, P-STAT3 and P-
MAPK in cetuximab-treated tumor cells (Fig. 3). As expected,
cetuximab inhibited EGF-induced EGFR phosphorylation in
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Figure 1. EGFR and HER2 co-express in tumor cell lines. CAL27, NCI-H226 and NCI-N87 cells were stained with control human IgG (black), anti-EGFR
antibody cetuximab (red) or anti-HER2 antibody trastuzumab (blue). Cells were washed and labeled with FITC anti-human secondary antibody and analyzed
using an Epics XL flow cytometer.
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CAL27, NCI-H226 and NCI-N87 cells. EGF-induced HER2
phosphorylation was blocked completely by cetuximab in
CAL27 and NCI-H226 cells. HER2 in NCI-HN87 cells
underwent autophosphorylation (Fig. 3) slightly, and such
phosphorylation was enhanced with EGF stimulation.
Cetuximab treatment was able to dramatically reduce the
HER2 phosphorylation, but not completely. 

AKT activation plays an important role in tumor cell
survival (20,21). Both EGFR and HER2 activation can lead
to AKT phosphorylation (14). Cetuximab was able to inhibit

AKT phosphorylation in a variety of EGFR-expressing tumor
cell lines (23). When we examined the AKT phosphorylation
status in cetuximab-treated cell lines, we found that cetuximab
was still effective in reducing phospho-AKT (Fig. 3) in these
cells. STAT3 is another important signaling molecule in
cancer (30). Both EGFR and HER2 activation can induce
STAT3 phosphorylation. STAT3 was phosphorylated slightly
in CAL27, NCI-H226 and NCI-N87 cells (Fig. 3). EGF
enhanced phospho-STAT3 in CAL27 and NCI-H226 cells,
but not in NCI-N87 cells. Cetuximab inhibited EGF-induced
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Figure 2. Cetuximab inhibits the formation of EGFR-EGFR homodimers and EGFR-HER2 heterodimers. Serum-starved cells were treated with 20 μg/ml
cetuximab or human IgG (HuIgG) for 30 min at 37˚C followed by stimulation with 100 ng/ml EGF ligand for 10 min at 37˚C. Receptors were cross-linked
with DTSSP. The dimers were detected as described in Materials and methods. Protein levels were detected with anti-HER2 mAb Ab11 and anti-EGFR mAb
Ab10.

Figure 3. Cetuximab binds EGFR and downregulates EGFR-HER2 activation and downstream signaling events. Phospho-EGFR and phospho-HER2 were
detected as described in Materials and methods. Signaling P-AKT (Ser473, Thr308), AKT, P-44/42 ERK 1/2 (Thr202/Tyr204), Erk 1/2 and P-STAT3
(Ser727, Tyr705) were measured. Immunoreactive bands were detected via ECL.
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STAT3 phosphorylation in CAL27 and NCI-H226 cells. The
basal level of phospho-STAT3 was not affected by cetuximab
in all three cell lines (Fig. 3). EGF stimulated MAPK phos-
phorylation in NCI-H226 cells and had no effect on MAPK
activation in CAL27 and NCI-N87 cells. Cetuximab treatment
blocked MAPK phosphorylation in NCI-H226 cells (Fig. 3).
The basal levels of phospho-MAPK in cells were not changed
by cetuximab treatment.

Inhibition of colony formation and proliferation by cetuximab
and trastuzumab. The effect of cetuximab and trastuzumab on
tumor cell growth was evaluated by proliferation and colony
formation assays. In proliferation assay, cetuximab was able
to inhibit CAL27, NCI-H226 and NCI-N87 cell growth by 19,
30 and 40% respectively (Fig. 4). Trastuzumab had no effect
on CAL27 and NCI-H226 cell growth and inhibited NCI-N87
cell growth by 66% (Fig. 4). The growth of cells treated with
cetuximab plus trastuzumab were inhibited more or equally
compared to single agent treatment (Fig. 4). Colony formation
assay was performed on CAL27 and NCI-N87 cells. Cetux-
imab inhibited CAL27 colony formation by 53% and NCI-
N87 cell colony formation by 47% (Fig. 5). Trastuzumab was
able to inhibit NCI-N87 cell colony formation by 95% and
had no effect on CAL27 cell colony formation. Combination
treatment with cetuximab and trastuzumab inhibited colony
formation of CAL27 by 80% and NCI-N87 cells by 94%
(Fig. 5).
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Figure 4. Inhibition of cetuximab and trastuzumab on tumor cell proliferation.
Cells were plated in 96-well flat bottom plates and allowed to adhere.
Human IgG (hIgG), cetuximab, trastuzumab or a combination of cetuximab
and trastuzumab were added at 10 μg/ml in duplicates and incubated for
6 days. CellTiter 96 Aqueous One Solution (20 μl/well) was added, and
plates were read at 490 nm on an ELISA plate reader. The growth rate of
human IgG-treated cells was considered as 100%.

Figure 5. Inhibition of colony formation by cetuximab (Erbitux) and
trastuzumab (Herceptin). Cells were plated in 6-well tissue culture plates and
allowed to adhere. Cetuximab, trastuzumab or a combination were added in
triplicates at 20 μg/ml and incubated for 10-12 days. Colonies were washed,
fixed, stained with Crystal Violet and counted. The colony formation rate in
human IgG-treated cells was considered as 100%.
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Cetuximab inhibits the growth of tumors and downregulates
EGFR and HER2 phosphorylation in vivo. To assess the in vivo
effect of cetuximab on HER2 phosphorylation, we treated
NCI-N87 tumor xenografts in nude mice with cetuximab and
examined phospho-HER2 and phospho-EGFR from the
tumors (Fig. 6). Cetuximab significantly inhibited the growth
of the NCI-N87 xenograft by 44% (P<0.0001) (Fig. 6A).
Histochemical analysis using P-HER2- and P-EGFR-specific
mAb showed that cetuximab reduced the staining of P-HER2
and P-EGFR in tumors (Fig. 6B).

Since CAL27 expresses both EGFR and HER2, we tested
the efficacy of cetuximab, trastuzumab or trastuzumab
combined with cetuximab in a CAL27 xenograft model
(Fig. 7). All three treatment regimes significantly inhibited the
growth of CAL27 xenografts. Tumor growths were inhibited
60% (P=0.001) by trastuzumab, 92% (P<0.0001) by cetuximab
and 97% (P<0.0001) by combination treatment. By the end
of the study (day 50), inhibition of tumor growth by cetuximab
or combination therapy was significantly greater than that by

trastuzumab alone (P=0.01) (Fig. 7). There were no differences
in tumor inhibition between mice treated with cetuximab and
the combination therapy. Tumor regressions were observed in
100% (10/10) cetuximab-treated, 50% (5/10) trastuzumab-
treated and 100% (10/10) combination therapy-treated mice
(Chi-square test, P<0.0001).

Discussion

Since HER2 lacks a ligand binding domain, it is activated by
co-expressing and forming heterodimers with other members
of the ErbB family. EGFR and HER2 are co-expressed more
often in tumors than other members of the ErbB family,
implicating that EGFR plays an important role in HER2
activation. It has been shown that EGF can induce the
formation of EGFR/Neu (HER2) heterodimers in PC rat cells
(31). Such heterodimers were detected in vivo (32), and the
basal phosphorylation of EGFR and HER2 was increased in
cells transfected with EGFR and HER2 (33). Moreover, EGFR
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Figure 6. Cetuximab inhibits the growth of NCI-N87 tumors and downregulates EGFR and HER2 phosphorylation in vivo. (A) Athymic nude mice were
injected with 5x106 NCI-N87 cells mixed with 1:1 Matrigel. When the tumor size reached 150-200 mm3, mice were treated with cetuximab or human IgG at 1 mg/
dose M-W-F. (B) By the end of the study, tumors were removed, sectioned, and stained with anti-P-HER2/Y1248 and -P-EGFR/Y845. 
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inhibitors were able to inhibit the growth of HER2- and
TGF-·-driven tumors (34), and cetuximab enhanced the
antitumor efficacy of anti-HER2 mAbs (35). These findings
suggest that HER2 activation requires EGFR/HER2 hetero-
dimer formation. 

Cetuximab is able to block EGF-induced EGFR phos-
phorylation and activation. The binding domain of cetuximab
on EGFR was not known until recently. Cetuximab binds
exclusively to domain III, overlapping the epitopes to which
EGF binds on domain III (27). EGF binds to domain I and III
on EGFR and has no contact between the two EGFs in the
dimeric complex (36,37). Recent studies have shown that once
EGF binds to domain I and domain III, it alters the spatial
arrangement of domains within EGFR (38). The normally
buried domain II and domain IV become exposed and form a
dimerization contact arm. This rearranged conformation
preferentially favors dimeric structure. Cetuximab blocks the
formation of such a rearranged (extended) EGFR and therefore
inhibits EGFR-EGFR dimer formation. The HER2 structural
configuration is little different from EGFR. Without ligand
binding, HER2 can keep an extended configuration similar to
EGFR conformation induced by EGF. Therefore, HER2 can
readily form a heterodimer with the EGF-stabilized EGFR. 

EGFR/HER2 heterodimerization can trigger a cascade of
signaling events. It is difficult to determine which pathways
are important in specific cell lines, but the AKT and MAPK
pathways are considered the most relevant for oncogenic
activity of the ErbB family. The activation of MAPK activates
cyclin D1, a protein required for cell cycle progression from
G1 to S phase and therefore promotes tumor cell proliferation
and division. The AKT pathway influences cell survival and
plays an important role in the resistance to apoptosis. Our
data demonstrated that both pathways can be inhibited by
cetuximab (Fig. 3). 

STAT3 is another important signaling molecule that plays
a critical role in malignant transformation and progression. It

has been reported that EGF can activate members of STAT,
including STAT1 and STAT3. We found that EGF induced
STAT3 phosphorylation in CAL27 and NCI-H226 cells, and
cetuximab was able to block this phosphorylation. There was
some basal STAT3 phosphorylation in CAL27, NCI-N87 and
NCI-H226 cells, but this was not affected by cetuximab. It
remains unknown why the EGF was able to induce EGFR and
HER2 phosphorylation in NCI-N87 cells while having no
effect on STAT3 phosphorylation. 

Cetuximab inhibited tumor cell growth in the proliferation
and colony formation assays. This inhibition seemed to be
related to the inhibition of phosphorylation of EGFR by
cetuximab (Fig. 3). Cetuximab completely blocked EGF-
induced EGFR phosphorylation and inhibited cell growth
ranging from 19 to 40% in the proliferation assay, suggesting
that cell growth dependent on the EGFR pathway varies.
Trastuzumab also inhibited the growth of NCI-H226 and
NCI-N87 cells in vitro, but had no effect on CAL27 cells.
The growth inhibition by trastuzumab correlated with HER2
expression on cell surfaces (Figs. 1, 4 and 5). Trastuzumab and
cetuximab both inhibited tumor growth in vivo. Although
trastuzumab had no effect on the growth of CAL27 in vitro, it
had significant inhibitory effect on tumor growth in vivo
(Fig. 7). Trastuzumab inhibits tumor growth by multiple
mechanisms. Activation of effector cells is one of the
mechanisms that have been suggested by Clynes et al (39). The
antitumor effect of trastuzumab in Fc receptor-deficient
mice was drastically reduced. Moreover, trastuzumab
engineered to disrupt Fc receptor binding did not arrest
tumor growth in vivo ,  suggesting that Fc receptor
expressing effector cells may play an important role in the
efficacy of trastuzumab.

In summary, we demonstrated that cetuximab inhibits
EGFR-EGFR homodimerization and EGFR-HER2 hetero-
dimerization, receptor phosphorylation and subsequent
signaling cascades. The in vitro and in vivo tumor growth
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Figure 7. Cetuximab inhibits the growth of CAL27 tumors. CAL27 cells were injected subcutaneously (s.c.) into the flank regions of athymic nude mice.
Antibodies were administered intraperitoneally (i.p.) starting after tumor sizes reached 200 mm3. Mice bearing CAL27 tumors were treated with human IgG
(•), cetuximab (‡), Herceptin (ƒ) and cetuximab plus Herceptin (∫). There were 10 mice in each group. Points, means; bars, SE.

25-32  2/12/2008  12:39 ÌÌ  ™ÂÏ›‰·31



was also inhibited by cetuximab. Since some tumors express
both EGFR and HER2, this finding has significant clinical
relevance. It suggests that cetuximab may be used to treat
patients with tumors expressing EGFR and HER2.
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