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Abstract

Background Gastric cancer represents one of the most
common causes of cancer deaths worldwide. Overexpres-
sion of ErbB2, a tyrosine kinase receptor involved in the
pathogenesis of several human cancer types, has been
reported also in gastric cancer. Thus, the inhibition of
ErbB2 signal transduction pathways by the use of human
antibodies could be a valuable strategy for the therapy of
this type of cancer.

Methods We tested for the first time the antitumor effects
on gastric cancer cells of Erb-hcAb, a novel fully human
compact antibody, prepared in our laboratory, which
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targets a different epitope of ErbB2 with respect to trast-
uzumab, the only anti-ErbB2 antibody currently in clinical
use for both breast and gastric cancer therapy.

Results Herein we demonstrate that the in vitro and
in vivo growth of gastric cancer cells is efficiently inhibited
by Erb-hcAb, which shows antitumor effects on the NCI-
N87 cell line more potent than those observed for
trastuzumab.
Conclusions Erb-hcAb could be a promising candidate in
the immunotherapy of gastric cancer as it combines the
antiproliferative effect associated with the inhibition of
ErbB2 signaling on tumor target cells with the ability to
induce antibody-dependent cellular cytotoxicity.

Keywords Immunotherapy - ErbB2/Her2 - Gastric
cancer - Trastuzumab

Introduction

Gastric cancer is one of the most common human diseases
and the second leading cause of tumor-related death
worldwide [1]. Because the early disease is often asymp-
tomatic, many gastric cancer patients are diagnosed when
their cancer is already beyond curative surgery [2, 3].

Treatment options for these patients include radiother-
apy and chemotherapy, but cancer progression is common,
and the 5-year survival rate is less than 30 % [2, 3].
Therefore, there is an urgent need to develop new highly
potent therapies.

One possible therapeutic target is the ErbB2 oncopro-
tein, a member of the epidermal growth factor receptor
(EGFR) family of tyrosine kinase receptors. Its overex-
pression occurs in many human cancer types and is
implicated in malignant transformation and tumorigenesis
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[4, 5]. ErbB2 is overexpressed in breast, ovary, non-small
cell lung cancer, and in several other carcinomas [6-8],
including gastric cancers, where it is associated with a poor
clinical outcome [9, 10].

Trastuzumab is a humanized monoclonal antibody
directed against the extracellular domain of the ErbB2
protein, currently the only one in clinical use for ErbB2-
targeted therapy either in the adjuvant setting or for the
treatment of metastatic breast cancer [11, 12]. Many
studies have shown a significant antitumor effect of trast-
uzumab in either in vitro or in vivo models of ErbB2-
positive gastric cancer [9, 10, 13—15]. Furthermore, when
trastuzumab was given in combination with standard che-
motherapy in a randomized phase III clinical trial (ToGA
trial), it significantly improved overall survival [16]. These
data indicate that trastuzumab is a valuable drug for the
treatment of the ErbB2-positive subset of gastric cancers.
Unfortunately, a large fraction of ErbB2-positive patients
in the ToGA trial did progress on treatment [16, 17], thus
suggesting that trastuzumab resistance might become a
problem also in the therapy of gastric cancer, similar to
what happened for breast cancer [18]. For this reason,
several research strategies have focused on alternative
ErbB2-directed treatments.

Recently, we produced a novel fully human anti-ErbB2
immunoagent [19], engineered by fusing erbicin, a human
anti-ErbB2 single-chain antibody fragment (scFv) [20],
with the Fc region of human IgG1. The human anti-ErbB2
antibody construct has been called Erb-hcAb for its
‘compact’ size (100 kDa), compared with the full size
(155 kDa) of a natural IgG. It has been reported that Erb-
hcAb is capable of selectively binding to malignant cells
that express ErbB2, and of inhibiting their growth in vitro
and in vivo, with no effects on ErbB2-negative cells.
Moreover, Erb-hcAb is endowed with both antibody-
dependent cellular cytotoxicity (ADCC) and complement-
dependent cytotoxicity (CDC) [19, 21].

More recently, it has been shown that Erb-hcAb does
not display the cardiotoxic effect of trastuzumab in vitro on
rat cardiomyocytes and in vivo on a mouse model, whereas
trastuzumab was shown to be strongly toxic [22-25]. This
difference was found to result from their different mecha-
nism of action, which can explain their different effects:
trastuzumab, in contrast to Erb-hcAb, induces apoptosis in
cardiac cells [25] and inhibits the heterodimerization
between ErbB2 and ErbB4 mediated by Neuregulin-1 [24].
Finally, Erb-hcAb is active in vitro and in vivo against
some trastuzumab-resistant, ErbB2-positive breast cancer
cell lines [26].

To validate Erb-hcAb as a possible additional or alter-
native treatment to trastuzumab, we analyzed its inhibitory
effects on gastric tumor cells overexpressing ErbB2, which
have been reported to be less sensitive to trastuzumab
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treatment. Here we prove for the first time the efficacy of
Erb-hcAb on gastric cancer cells, and we show that it is
endowed with an antitumor effect stronger than that of
trastuzumab both in vitro and in vivo.

Materials and methods
Cell lines

The human cancer cell lines NCI-N87, MKN-7, MKN-45,
AGS, SW480, SKBR3, MDA-MB-468, and MCF7 were
purchased from the American Type Culture Collection
(ATCC; Manassas, VA, USA) and were cultured in either
RPMI (SKBR3, NCI-N87, MKN-7, MKN-45, AGS,
SW480) or DMEM (MDA-MB-468 and MCF7) supple-
mented with 10 % fetal calf serum and 1 % penicillin/
streptomycin.

Cell lysis and immunoblotting analyses for detecting
ErbB2 levels

Cells washed with phosphate-buffered saline (PBS) were
collected by centrifugation at 1,200 rpm for 7 min. The
pellet was resuspended in lysis buffer (10 mM Tris-HCI,
pH 7.4, 0.5 % Nonidet P-40, 150 mM NaCl), containing
complete proteases inhibitor (Boehringer Mannheim,
Germany). After 20 min at 0 °C, the extracts were clari-
fied by centrifugation at 12,000 rpm at 4 °C for 15 min.
Aliquots of 20 pg were run on 7.5 % sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE),
followed by electroblotting onto PVDF membranes (Mil-
lipore, Bedford, MA, USA). The ErbB2 protein was
detected using Neu anti-ErbB2 mAb (Santa Cruz Bio-
technology, Santa Cruz, CA, USA), followed by rabbit
anti-mouse horseradish peroxidase-conjugated antibody.
The signal intensity of reactive bands was quantitatively
measured by a phosphorimager (45-710; Bio-Rad, Her-
cules, CA, USA).

Enzyme-linked immunosorbent assays (ELISA)

ErbB2-positive gastric tumor cells, harvested in nonenzy-
matic dissociation solution (Sigma), were washed and
transferred to U-bottom microtiter plates (1 x 10° cells per
well). After blocking with PBS containing 6 % bovine
serum albumin (BSA), cells were treated with the anti-
bodies as previously described [19]. For detection of
human antibodies, a peroxidase-conjugated anti-human
IgG (Fc-specific; Sigma) antibody was used. Binding val-
ues were determined from the absorbance at 450 nm and
reported as the mean of at least three determinations
(standard deviation <5 %).
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Cell survival and growth inhibition assays

Gastric tumor cells were seeded in 96-well, flat-bottom
plates at a density of 7.5 x 10° well. After addition of the
protein under test, viable cells by the trypan blue exclusion
test were counted at suitable time intervals. Cell survival
was expressed as percent of viable cells in the presence of
the protein under test with respect to control cultures grown
in the absence of the protein. Typically, cell survival values
were obtained from at least three independent experiments
in which triplicate counts were determined; standard
deviations were less than 5 %.

Growth inhibition of gastric tumor cells was also
assessed by using the MTS assay (Promega, Madison, WI,
USA). This colorimetric method for determining the
number of viable cells is based on the bioreduction of
3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium (MTS) by cells to a for-
mazan product that is soluble in tissue culture media and
can be detected spectrophotometrically. For this assay,
cells were seeded in 96-well plates in complete growth
media. After 24 h, cell culture media were replaced with
media containing 0.1 % fetal bovine serum (FBS) in the
absence or in the presence of Erb-hcAb, which was added
at concentrations ranging from 2 to 500 nM. At day 1, 2, or
3, 20-pl aliquots of MTS (Promega, Madison, WI, USA)
were added to each well and plates were incubated at 37 °C
for 2-3 h. The reaction was monitored at A490 nm.

Cell migratory assay

The migratory behavior of NCI-N87 cells was analyzed in
an in vitro wound-healing assay using time-lapse micros-
copy. Briefly, cells were grown to confluence in the
absence or in the presence of Erb-hcAb for 72 h with
culture media containing 0.1 % FBS. Time-lapse micros-
copy was applied in the last 18 h of each experiment after
applying an artificial wound with a yellow Gilson pipette.
Migration was assessed at different time intervals (0—18 h)
by measuring the distance in at least six different ran-
domly chosen regions obtained from three independent
experiments.

Apoptosis assay

Cytospin preparations of both floating and attached cells
were collected from each sample and fixed with 4 %
paraformaldehyde for 15 min at room temperature. The
cells were washed in PBS and permeabilized with 0.1 %
Triton X-100 in 0.1 % sodium citrate for 2 min on ice.
TdT-mediated dUTP nick-end labeling (TUNEL) analysis
was performed by using the In Situ Cell Death Detection
kit, fluorescein (Roche) by following the manufacturer’s

instructions. In each experiment 500 cells were counted,
and the standard deviations were calculated on the basis of
the results obtained by three independent experiments.

Peripheral blood lymphocytes

Peripheral blood lymphocytes (PBL) were obtained from
peripheral blood mononuclear cells isolated by centrifu-
gation on Lymphoprep gradients (Axis Shield PoC, Oslo,
Norway) from normal donor buffy coats obtained from the
Blood Bank of the Medical School of the University of
Naples ‘Federico II.” After the separation, PBL were
washed twice and incubated in RPMI 1640 medium (Gibco
BRL) for 2 h at 37 °C to remove adherent cells. The
nonadherent cells were used as natural cytotoxic effectors
without any additional treatment.

ADCC tests

NCI-N87 target cells were detached from culture dishes
with a cell dissociation solution (Sigma), transferred to
96-well plates (7,000 cells/well), and incubated for 16 h at
37 °C. Subsequently, PBMCs from a healthy donor were
added at effector:target ratio 10:1 in the absence or pres-
ence of increasing concentrations of Erb-hcAb or trast-
uzumab (5-200 nM) and incubated for 2448 h at 37 °C.
Controls included target cells incubated in the absence of
effector cells or in the presence of immunoagents alone.
Tumor cell lysis was determined by measuring the release
of lactate dehydrogenase (LDH) using an LDH detection
kit (Roche, Mannheim, Germany). Antibody-dependent
cellular cytotoxicity was calculated as the percentage of
cytolysis measured in the presence of immunoagent and
PBL, taking as 100 % the maximal LDH release deter-
mined by lysis of target cells with 1 % Triton X-100.
Standard deviations (SD) were calculated on the basis of
the results obtained from three independent experiments.

In vivo antitumor activity

In vivo experiments were performed with 6-week-old
female Balb/c nude mice (Charles River Laboratories,
Calco, Italy). NCI-N87 cells (2 x 106) were suspended in
0.2 ml sterile PBS and injected subcutaneously (day 0) in
the right paw. At day 10, when tumors were clearly
detectable, Erb-hcAb or trastuzumab dissolved in PBS was
administered intraperitoneally to two different groups of
six mice at doses of 5 mg/kg body weight, seven times, at
72-h intervals.

Another group of control mice was treated with identical
volumes of sterile PBS. During the period of treatment,
tumor volumes (V) were measured with a caliper and cal-
culated by the formula of rotational ellipsoid V = A x B/
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2 (A is the axial diameter and B the rotational diameter).
SD values were less than 10 %. All mice were maintained
at the animal facility of the Department of Cellular and
Molecular Biology and Pathology, University of Naples
Federico 1II, and received human care in compliance with
the guidelines of this institution. The experiments in vivo
described herein were conducted in accordance with the
Italian regulations for experimentation on animals.

Results
ErbB2 levels on gastric cancer cells

The level of ErbB2 receptor in gastric tumor cells was
investigated by Western blotting analyses of cell extracts
from NCI-N87, MKN-7, MKN-45, and AGS tumor cells.
Briefly, cells were lysed and analyzed by Western blotting
with a commercial anti-ErbB2 antibody (Neu; Santa Cruz
Biotechnology) and an anti-actin mAb. As a positive
control, we used SKBR3 human breast cancer cells, which
express high levels of ErbB2. As shown in Fig. 1a, ErbB2
is significantly expressed in some of the gastric cell lines

A 450 nm

0 50 100 150
Concentration (nM)

Fig. 1 Levels of ErbB2 and its binding to Erb-hcAb in gastric tumor
cells. a ErbB2 expression on human cancer cell lines. Western
blotting analyses of ErbB2 protein expression on total cell lysates
from NCI-N87, MKN-7, MKN-45, or AGS tumor cells or from
mammary SKBR3 cells, used as a positive control. To normalize the
band signals, an anti-actin monoclonal antibody (mAb) was used.
b Binding curves of the antibodies to gastric cancer cells as
determined by ELISA assays. Trastuzumab (empty symbols) or Erb-
hcAb (black symbols) was tested on NCI-N87 (rhomboids), MKN-7
(squares), MKN-45 (circles), or AGS (triangles) cells
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tested, such as NCI-N87 and MKN-7, although at lower
levels with respect to those observed in mammary carci-
noma cells.

These results were confirmed by ELISA assays, per-
formed by incubating the gastric cancer cells with
increasing concentrations of Erb-hcAb or trastuzumab. As
shown in Fig. 1b, the two antibodies were found to bind to
the NCI-N87 and MKN-7 gastric cells tested with high
affinities, whereas no significant binding to MKN-45 and
AGS cells expressing low levels of ErbB2 was detected.

In vitro effects of Erb-hcAb on gastric cancer cells

The antitumor effects of the antibodies were tested on
gastric tumor cells by incubating NCI-N87, MKN-7,
MKN-45, and AGS cells in the absence or in the presence
of increasing concentrations (50—200 nM) of Erb-hcAb or
trastuzumab.

After 72 h, cells were counted and their survival was
expressed as percentage of viable cells in the presence of
the protein under test, with respect to control cells grown in
the absence of the protein. The SD was calculated on the
basis of the results obtained from three independent
experiments.

As shown in Fig. 2, Erb-hcAb was found to inhibit the
growth of ErbB2-positive NCI-N87 and MKN-7 cells tes-
ted in a dose-dependent manner, showing a stronger effect
with respect to trastuzumab when high protein concentra-
tions were tested. In contrast, no significant effects were
observed when Erb-hcAb or trastuzumab was tested on
MKN-45 or AGS cells expressing very low levels of ErbB2
(see Fig. 1). These data clearly indicate the specificity of
the antiproliferative activity of the anti-ErbB2 antibodies.

Further growth inhibition assays were performed by
testing with MTS assay the effects of Erb-hcAb on NCI-
N87 cells in comparison with those observed on other
ErbB2-positive tumor cells from different tissues, such as
mammary SKBR3 and MDA-MB-468 or colon SW480
cells, or ErbB2-negative MCF7 cells, used as a control.

As shown in Fig. 3, Erb-hcAb was found to selectively
inhibit the proliferation of all the antigen-positive cell lines
tested in a dose-dependent manner, with the strongest
effect on NCI-N87 gastric tumor cells. When Erb-hcAb
was tested on MCF7 control cells, no effects on their
proliferation were observed (Fig. 3).

Effects on ErbB2 signaling and determination
of the nature of the tumor cell death

We then evaluated by Western blot analysis the effects of
treatment with Erb-hcAb on the expression of proteins
involved in the ErbB2 pathway in NCI-N87 cells. Erb-
hcAb inhibited the phosphorylation of MAPK and Akt
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(Fig. 4), thus suggesting that it retains its ability to inhibit
the ErbB2 survival pathway in gastric tumor cells.

To determine whether the mechanism of cell death
caused by the treatment with Erb-hcAb occurs through
induction of apoptosis, we used TUNEL assays. NCI-N87
cells treated with Erb-hcAb for 48 or 72 h were found to
have a 5.5- or 4.5-fold increase in cell death compared to
control cells (Fig. 5), respectively.

These results show that the nature of cell death as
induced by Erb-hcAb is apoptotic.

Erb-hcAb concentration (mM)

Antibody-dependent cellular cytotoxicity (ADCC)
as induced by Erb-hcAb

To determine the capacity of Erb-hcAb to trigger ADCC
toward antigen-expressing NCI-N87 cells, the target cells
were incubated for 24 or 48 h with effector PBL in the
absence or in the presence of increasing concentrations of
Erb-hcAb or trastuzumab, used as a positive control. As
shown in Fig. 6, Erb-hcAb effectively lysed NCI-N87
target cells in the presence of PBL. The extent of lysis
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reached almost 35 % of treated cells, whereas trastuzumab,
used as a positive control, induced about 15-20 % lysis.
The basal level of cytotoxicity was measured in the pres-
ence of PBL (Fig. 6) or Erb-hcAb alone (data not shown).
No effects were detected in parallel assays carried out with

S
§ £
S &
p-Akt
Akt [S -

p-Erk1/2 [

Fig. 4 Effects of Erb-hcAb on signal transduction of ErbB2 in NCI-
N87 cells. Effects on MAPK and Akt signaling in NCI-N87 tumor
gastric cells, as exerted by Erb-hcAb. Reduction in p-Erk1/2 or p-Akt
levels was normalized to total Erk2 or Akt, respectively, by phosphor
imaging signals detected by Western blotting

ErbB2-negative cells, such as A431 (data not shown), or
when Erb-hcAb was replaced by the parental anti-ErbB2
scFv, lacking the Fc domain (data not shown). These
results indicate the specificity of the Erb-hcAb-dependent
cell-mediated cytolytic activity, clearly based on binding
abilities of the immunoagent both to the cognate receptor
with its antigen-binding sites and to natural killer cells with
its Fc effector domain.

Cell migratory assay

Cellular motility is a significant process in many biological
systems. Most deaths of cancer patients occur not because
of the primary tumor but rather from tumor -cells
that acquire a motile-invasive phenotype and develop
metastases.

To test the ability of Erb-hcAb to inhibit the migration
of gastric NCI-N87 tumor cells, we carried out wound-
healing assays using time-lapse microscopy. Figure 7
shows that NCI-N87 cells treated with Erb-hcAb for 18 h
migrate significantly less than untreated control cells. It

%k

Ratio of Cell Death

| M

m no treatment

Erb-hcAb

24h

Fig. 5 Induction of apoptosis by Erb-hcAb by TUNEL assay in
(a) untreated NCI-N87 cells or (b) cells treated with Erb-hcAb.
Arrows indicate dying cells (x200). ¢ Ratio of cell death obtained by
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48h 72h

comparing untreated control cells and cells treated with Erb-hcAb at
different time intervals (24, 48, and 72 h). Two-tailed Student’s ¢ tests
were used to calculate the p values. *p = 0.002, **p = 0.01
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Fig. 7 Wound-healing assay 18h
by using time-lapse microscopy
after 72 h treatment in the
absence or in the presence of
Erb-hcAb. Cell monitoring was
conducted in the last 18 h of the
experiment (x400). The control
cells almost entirely closed the
wound (with a 98.9 % closure) ContrOI
whereas the treated cells were
only able to close 17.6 % of the
wound. The migrated area was
quantified by using ImagelJ
(assessed area represented by
yellow outline)
Erb-hcAb

was estimated that control untreated cells almost entirely
closed the wound (98.9 %) whereas the Erb-hcAb treated
cells were able to cover only 17.6 % of the wound.

In vivo antitumor activity of Erb-hcAb

For in vivo studies, Erb-hcAb was tested on human gastric
NCI-N87 cancer cells. The treatment of mice bearing
NCI-N87 tumors with seven doses, at 72-h intervals, of
5 mg/kg~' body wt of Erb-hcAb induced a significant
reduction in tumor volume (Fig. 8). In parallel experi-
ments, we tested the effects of trastuzumab, administered
as already indicated for Erb-hcAb. Figure 8 shows that
trastuzumab, in contrast to Erb-hcAb, showed only slight

effects on NCI-N87 gastric tumors. No growth inhibition
was observed in mice treated with PBS. During the period
of treatment, the animals did not show signs of wasting or
other visible signs of toxicity.

Discussion

The incidence of gastric cancer has been reported to be
especially high in Asia, South America, and Eastern Eur-
ope [13]. Clinical gastric cancer patients were treated with
various types of therapies such as chemotherapy and
radiotherapy, although further improvement and progress
would be required as the overall survival does not exceed
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Fig. 8 In vivo antitumor effects of Erb-hcAb on gastric xenografts.
Tumor growth was measured in mice inoculated subcutaneously with
NCI-N87 cells from a human gastric tumor. Treated mice (triangles)
were injected with Erb-hcAb at doses of 5 mg/kg body weight.
Injections were repeated seven times at 72-h intervals. Control mice
were treated with sterile PBS solution (rhomboids), or with equimolar
doses of trastuzumab (squares)

1 year [27]. Recently, it has been found that upregulation
of signaling pathways of the epidermal growth factor
receptor family plays a central role in cell differentiation,
proliferation, and survival. These findings support the
development of antitumor strategies against these targets
[27].

The overexpression of ErbB2 protein has been reported
in gastric cancer as well as in various other cancers [4, 5],
even though the frequency data remain controversial [27].

Trastuzumab has been used in combination with che-
motherapy in gastric cancer therapy with some success;
however, some issues regarding the efficacy, safety, and
resistance emerged.

Erb-hcAb is a new human antibody that has been
developed to improve the therapy of ErbB2-positive breast
cancer because of its convenient molecular size, its activity
on trastuzumab-resistant tumor cells [19, 20, 26], and the
lack of cardiotoxicity [23-25].

Recent investigations on the mechanism of antitumor
action of this anti-ErbB2 immunoagent have indicated that
Erb-hcAb induces ADCC, promotes the homodimerization
of ErbB2, which leads to its downregulation and lysosomal
degradation, thus inhibiting progression from the Gy/G;
phase of the cell cycle, and induces apoptosis of ErbB2-
positive cells [28].

Moreover, Erb-hcAb binds to the soluble extracellular
domain of ErbB2 (ErbB2-ECD) with a lower affinity than
that for the native receptor inserted in tumor cells. Trast-
uzumab, by contrast, shows a higher affinity for soluble
ErbB2-ECD. Accordingly, ErbB2-ECD abolishes the in vitro
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antitumor activity of trastuzumab with no effects on the
activity of Erb-hcAb [29]. Thus, the fraction of immuno-
agent neutralized by the free bloodstream extracellular
domain is much greater for trastuzumab than for Erb-hcAb,
with suggestive effects on therapeutic dosage of the
immunoagent.

So far Erb-hcAb has not been extensively studied in
preclinical models of gastric cancer. Thus, in the current
study, we investigated whether Erb-hcAb would be useful
for the treatment of ErbB2-overexpressing gastric cancer
by testing its effects either in cell culture or on xenograft
models as an indication of its usefulness for treating clin-
ical gastric cancer.

Our in vitro and in vivo data show that Erb-hcAb is
effective on gastric cancer cell lines with ErbB2 overex-
pression, showing an antitumor effect more potent than that
observed for trastuzumab. These differences could be
explained by the recent interesting finding that Erb-hcAb
recognizes an epitope different from that recognized by
trastuzumab [29, 30], which has been shown to be
responsible for their different effects on signaling in both
tumor and cardiac cells [24, 26].

These results therefore confirm the crucial importance of
targeting different epitopes of ErbB2 for overcoming
resistance and indicate that Erb-hcAb is a new potential
tool in the immunotherapy of gastric cancer.

Because trastuzumab has antitumor activity in only one
of three of patients, is ineffective on ErbB2 low-expressing
tumor cells, and patients often develop resistance to the
drug after about 1 year of treatment, attention has been
directed toward alternative strategies, such as the use of
combinatorial therapeutic protocols. Trastuzumab effec-
tiveness has been found to improve when administered in
combination with chemotherapeutic drugs, such as paclit-
axel [13] or other anti-ErbB2 antibodies [31]. As for the
latter approach, it is necessary that the antibodies used in
combination with trastuzumab are directed to epitopes
on the target cells different from that recognized by
trastuzumab.

We have previously reported that the growth inhibition
effects exerted by Erb-hcAb on ErbB2-positive cells are
significantly increased when used in combination with
either chemotherapeutic drugs or trastuzumab [32]. The
effectiveness of taxol and cisplatin was found to increase
more than twofold when these drugs were used in combi-
nation with Erb-hcAb. Similarly, the cytotoxic action of
trastuzumab was enhanced by two- to threefold when
ErbB2-positive cells were treated with trastuzumab com-
bined with Erb-hcAb [32].

The results obtained with trastuzumab combined with
the erbicin-based immunoagent can be explained by the
finding that the epitope recognized by Erb-hcAb is differ-
ent from that targeted by trastuzumab.
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In conclusion, the results reported here indicate that Erb-
hcAb has a promising antitumor potential when used in
monotherapy, and we can also speculate that it could be
favorably used in combination with trastuzumab or con-
ventional chemotherapeutic drugs to achieve synergistic or
additive effects on gastric tumor cells, as previously shown
for breast tumor cells.
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