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ABSTRACT

Objective: HER-2 plays an important role in the development and progression of ovarian carcinoma. A number
of monoclonal antibodies (MAbs) and engineered antibody fragments (such as scFvs) against the subdomain Il or IV
of HER-2 extracellular domain (ECD) have been developed. We investigated the effect of chA21, an engineered
anti-HER-2 antibody that bind primarily to subdomain |, on ovarian carcinoma cell invasion in vitro, and explored its
possible mechanisms.

Methods: Growth inhibition of SK-OV-3 cells was assessed using a Methyl thiazolyl tetrazolium (MTT) assay. The
invasion ability of SK-OV-3 was determined by a Transwell invasion assay. The expression of matrix
metalloproteinase-2 (MMP-2) and its tissue inhibitors (TIMP-2) was detected by immunocytochemical staining, and
the expression of p38 and the phosphorylation of p38 were assayed by both immunocytochemistry and Western
blot.

Results: After treatment with chA21, the invasion of human ovarian cancer SK-OV-3 cells was inhibited in dose-
and time-dependent manners. Simultaneously the expression of p38, phospho-p38, MMP-2 and the MMP-2/TIMP-2
ratio decreased, while TIMP-2 expression increased. Additionally, the decrease in phospho-p38 was much greater

than that of p38.

Conclusion: chA21 may inhibit SK-OV-3 cell invasion via the signal transduction pathway involving MMP-2,

TIMP-2, p38 and the activation of p38MAPK.
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Tissue inhibitor of matrix metalloproteinase-2

INTRODUCTION

The incidence and mortality of ovarian carcinoma
ranks high among women malignancies. Invasion,
metastasis, relapse as well as drug resistance are the main
reasons for its treatment failure. Therefore, inhibition of
invasion and metastasis is one of the strategies for
successful treatment of ovarian cancer.

HER-2, also known as neu/c-erbB-2, is a member of
the tyrosine kinase receptor family. It is a transmembrane
protein consisting of an extracellular domain (ECD) with
four subdomains(l/L1, II/S1, III/L2, IV/S2), a single
transmembrane domain, and an intracellular tyrosine
kinase domainlll. HER-2 is overexpressed in many kinds

Received 2010-10-12; Accepted 2011-02-11

This work was supported by National “863” High-Tech R & D Program
of China (No. 2004AA215260), Science Foundation for Young Teacher
of Anhui Province (N0.2008jq1062) and Research Foundation for
Advanced Talents of the No.2 Hospital affiliated to the Anhui Medical
University (No. 2009-08)

*Corresponding author

E-mail: aydjohn@yahoo.com

of cancer. It has been shown that HER-2 is overexpressed
in approximately 15%-30% of ovarian carcinoma and
plays an important role in tumor development and
progressionl?l. In addition, HER-2 overexpression often
correlates with tumor metastasis and poor prognosis. The
HER-2 ECD which has prognostic value was proposed as
a real-time marker of HER2-positive breast cancer and an
attractive target for cancer immunotherapyl34l. In recent
years, a number of monoclonal antibodies (MAbs) and
engineered antibody fragments (such as scFvs) targeting
HER-2 ECD have been developed and evaluated for
tumor diagnosis and therapy>71.

Trastuzumab (Herceptin), a recombinant monoclonal
antibody against HER-2 protein, is the first approved
targeted agent by Food and Drug Administration (FDA)
for treatment of HER-2 overexpressing breast cancer(89l. It
functions by binding to the juxtamembrane region in
subdomain IV of HER-2 ECD. However, the majority of
patients with metastatic breast cancer who initially
respond to trastuzumab develop resistance within one
year of treatment initiation. In the adjuvant setting, 15%
of patients still relapse despite trastuzumab-based
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therapyl!012. A small number of early clinical trials
suggested that trastuzumab would not be an effective
treatment option for ovarian cancer patients(13l.
Abuharbeid™ found that SK-OV-3 cells which were
treated with trastuzumab developed marked resistance to
chemotherapeutics. Furthermore, trastuzmab also has
found out cardiac toxicityl!5. Another therapeutic
antibody pertuzumab (2C4), which binds epitopes within
subdomain II of HER-2 ECD showed only part efficiency
to some patientsl16l.

In recent years, a novel engineered monoclonal
antibody against HER-2 named chA21 which directed
binding activity to HER-2 extracellular subdomain I has
been developed['7-18]. In previous study, we have found
that chA21 inhibited cell proliferation and induced
apoptosis of human ovarian carcinoma cells SK-OV-3191.
In this study, we investigated the effect of anti-HER-2
engineered antibody chA21 on the invasion of SK-OV-3 in
vitro, and the possible mechanisms of action.

MATERIALS AND METHODS

Cell Lines and Reagents

The human ovarian cancer cells SK-OV-3 were
obtained from the Cell Bank of Shanghai Institutes for
Biological Sciences (Shanghai, China). The cells were
cultured in DMEM (Gibco, USA) supplemented with 10%
fetal bovine serum (FBS) (Gibco, USA) in an incubator
(Kendro Laboratory, Canada) with 5% CO; and saturated
humidity at 37°C. Engineering antibody chA21 was
constructed, expressed and prepared as described in
previous work[’7l. Methyl thiazolyl tetrazolium (MTT)
and Extracellular matrix (ECM) were purchased from
Sigma (USA). MILLICELL-®PCF chambers were
purchased from MILLIPORE (USA). The antibodies for
Matrix metalloproteinase-2 (MMP-2) and its tissue
inhibitors (TIMP-2) (clone 17B11 and clone 46E5), p38
(clone: H-147), phospho-p38 (clone: D-8) were purchased
from Santa Cruz (California, USA).

Cell Proliferation Assay

SK-OV-3 (5%103 per well) cells were seeded in 96-well
plates (Corning-Coster Crop, USA) and cultured
overnight. The medium was replaced with fresh DMEM
or media containing chA21 at a concentration of 3, 6, 12
pg/ml for 24 h. Triplicate wells were set up in each
sample. MTT (20 pl) was added to each well and
incubated for an additional 4 h. Culture media was
discarded followed by addition of 150 pl dimethyl
sulfoxide (DMSO) and vibration for 10 minutes. The
OD570 nm was measured by a multi-well scanning
spectrophotometer (Multiskan MKS3, Finland). The
growth inhibitory rate was calculated as follows: (1-
ODsample/ ODcontrol) X100%. The experiments were repeated
three times.

Cell Invasion Assay

Cell invasion was assayed using ECM-coated
Transwell chambers (8 pm pore sizes). SK-OV-3 cells
(5x104/ml) suspended in 100 pl serum-free DMEM were

seeded to the upper part of each chamber, whereas the
lower compartments were filled with 600 pl chemo-
attractant, obtained from the supernatant fluid of
cultured NIH3T3 cells. chA21 (3, 6, and 12 pg/ml) and
serum-free DMEM were added respectively to SK-OV-3
cells and chambers were incubated at 37°C for 24 h.
Additionally, a separate chA21 6 pg/ml group was
cultured for 19, 24, 29 h. After incubation, the cells
remaining on the upper surface were completely
removed using a cotton swab. The cells that migrated to
the bottom chamber were stained with hematoxylin and
eosin. The experiments were performed in triplicate and
the migrated cells were counted microscopically (400 x) in
five different fields per chamber. The invasion inhibitory
rate was calculated as follows: (control cell numbers-
experimental cell numbers)/control cell numbersx100%.

Immunocytochemistry

SK-OV-3 cells (2.5x104 per well) were seeded in
6-well plates with coverslips, and then cultured in
medium with 12 pg/ml chA21 for 24 h. For the controls,
the same volume of DMEM was added. Then the
coverslips were taken out, washed, fixed, and stained
according to the instruction manual of immunohisto-
chemistry kits. In this study, p38, MMP-2 and TIMP-2
protein in fixed cells were detected by PV-9000 method,
and phospho-p38 protein was detected with SABC
method. p38, MMP-2 and TIMP-2 protein are localized in
the cytoplasm, while phospho-p38 is found inside the
nucleus. The immunostained sections were examined
using an Eclipse E800 microscope (Nikon, Japan) coupled
to a digital camera. Mean optical density (MOD) of
microscopic images were quantitatively analyzed by an
image analysis software program, Image-pro Plus 5.02
(Media Cybernetics Inc, USA).

Western Blot Analysis

Cells were treated with chA21 (0, 3, 6, or 12 pg/ml) in
DMEM (10%NBS) for 24 h, and then washed using cold
Phosphate buffered saline (PBS). Cells were lysed in
Triton X-100 extraction buffer (20 mmol/L sodium
phosphate (pH 7.4), 150 mmol/L NaCl, 1% Triton X-100,
5 mmol/L EDTA, 5 mmol/L phenylmethyl-sulfonyl
fluoride, 10 mg/ml aprotinin, 10 mg/ml leupeptin, and
250 mg/ml sodium vanadate) for 10 minutes on ice. The
lysates were collected, transferred to eppendorf tubes,
and centrifuged for 20 minutes at 14,000r/min in 4°C.
Protein concentration was assessed and equal amounts of
protein (1.0 mg) were prepared. Then sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).
Sample Loading Buffer (5%) is diluted 1:4 with the protein
samples and boiled for 5 minutes before flash cooling on
ice. Equal amounts of protein were subjected to SDS-
PAGE at 100V, and transferred to 0.2 m polyvinylidene
difluoride membranes (PVDF) sequencing grade for 5 h at
90mA. Blots were blocked in 5% milk, 0.1% Tween-TBS
(blocker) for 2 h at room temperature. Primary antibody
in optimal dilution (B-actin 1:5,000, p38 1:1,000,
phospho-p38 1:1,000) was added in blocker and
incubated overnight at 4°C. Secondary antibody in
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optimal dilution (B-actin 1:10,000, p38 1:40,000,
phospho-p38 1:25,000) was added in blocker, incubated
for 2 h at room temperature. Blots were stained for 30
minutes at room temperature using Pierce Supersignal
West Femto detection systems(USA).

Statistical Analysis

Data were expressed as mean * standard deviation.
Comparison between groups was made by one-way
analysis of variance (ANOVA) and Pearson correlation.
P<0.05 was considered statistically significant. All
statistics were carried out using a SPSS 10.0 statistics
software(SPSS Inc., IL, USA).

RESULTS

chA21 Inhibits the Growth of SK-OV-3 Cells

To evaluate the effect of chA21 on cell proliferation,
human ovarian cancer cells SK-OV-3 over-expressing
HER-2 were treated with different concentrations (3-12
pg/ml) of chA21 for 24 h. chA21 treatment resulted in a
dose-dependent inhibition of SK-OV-3 cell proliferation.
At concentrations of 3, 6, and 12 pg/ml, growth was
inhibited 19.26%, 20.37% and 21.56% respectively. The
chA21 treatment groups showed significant decrease in
cell proliferation when compared with the control group.

chA21 Inhibits the Invasion of SK-OV-3 Cells

Cell invasion was assayed using ECM-coated
Transwell chambers (8pum pores). SK-OV-3 cells were
treated with chA21 (3, 6, or 12 pg/ml) for 24 h. The
number of invaded cells was reduced with the increased
concentrations of chA21 (Figure 1). At concentrations of 3,
6, and 12 pg/ml, invasion was inhibited 21.03%, 36.99%
and 87.19% respectively (Figure 2). The inhibition of
invasion occurred in a dose dependent manner.
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Figure 1. SK-OV-3 invasion after incubation with chA21 (3, 6
or 12ug/ml) for 24h(x400). The invaded cells were counted on the
underneath of ECM-coated Millicell membrane. A. Control; B.
chA21 (3ug/ml); C. chA21 (6pg/ml); D. chA21 (12pug/ml).

After treatment with chA21 (6pg/ml) for 19, 24, 29 h
respectively, the number of migrated SK-OV-3 cells
decreased compared with the control (Figure 3).
Treatment times of 19, 24, 29 h inhibited invasion by

26.14%, 39.92% and 61.05% respectively (Figure 4, 5).
Therefore, the inhibition of invasion occurred in a time
dependent manner.
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Figure 2. The inhibitory rate when SK-OV-3 cells were
treated with chA21 (0, 3, 6, or 12 pug/ml) for 24h.

chA21 Inhibits the Expression of MMP-2, p38 and Phospho-
p38, while Upregulates TIMP-2 Expression in SK-OV-3 Cells

SK-OV-3 cells (2.5x104 per well) were seeded in
6-well plates with coverslips, and then cultured in
medium with 12 pg/ml chA21 for 24 h. The coverslips
were harvested for immunocytochemistry. The
expression of MMP-2, p38 and phospho-p38 were
downregulated by chA21 treatment and TIMP-2
expression was upregulated (Figure 6, 7). As shown in
Figure 8, MOD values of MMP-2, p38, phospho-p38 and
MMP-2/TIMP-2 ratio in chA21 treatment group were
significantly lower than those in control group, while
MOD values of TIMP-2 were significantly higher than
that in control group.

Figure 3. Invasion ability of SK-OV-3 cells incubated with
chA21 (6pg/ml) for 19, 24 and 29h respectively (x400). A-C:
Control group; A: 19h; B: 24h; C: 29h; D-F: chA21 group; D: 19h; E:
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Figure 4. Effect on SK-OV-3 cells after treatment of chA21
(6ug/ml) for 19, 24, 29h.
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Figure 5. The inhibitory rate of SK-OV-3 cells exposed to
chA21 (6ug/ml) for 19, 24, 29h.

Figure 6. Effect of chA21 on MMP-2 and TIMP-2 expression

in SKOV3 cells (two-step staining, x100).

Figure 7. Effect of chA21 on p38 and phosphor-p38
expression in SK-OV-3 cells (p38: two-step method; phosphor-
p38: SABC method, x100)
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Figure 8. The change of MOD values of MMP-2, TIMP-2, p38,
phosphor-p38 expression and MMP-2/TIMP-2 ratio after SK-OV-3
cultured in medium with 12 pg/ml chA21 for 24h in immuno-
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cytochemistry.

Western Blot Analysis of p38 and Phospho-p38

Cells were treated with chA21 (3, 6, or 12 pg/ml) and
DMEM (10%NBS) for 24 h. p38 protein andphospho-p38
were then measured by Western blot. As shown in Figure
9, chA21 inhibited p38 and phospho-p38 in a
dose-dependent manner. Relative MOD values were
quantitatively analyzed by an image analysis software
program, Image-pro Plus 5.02. This analysis showed a
greater decrease in phospho-p38 with chA21 treatment
than p38.
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Figure 9. Western blot analysis of p38 and phospho-38 in
the presence of chA21 (0, 3, 6, or 12ug/ml) for 24 h. 1: Control
group; 2: chA21(3ug/ml) group; 3: chA21l (6ug/ml) group; 4:
chA21(12pug/ml) group.

DISCUSSION

HER-2 has been identified as an important regulator
of metastatic potential of breast cancer(202l. Zhang et all22
found RNA interference (RNAi) targeting HER-2 gene
inhibited the invasive and chemotactic ability of SK-OV-3
cells. The purpose of this study was to investigate the
effect of anti-HER-2 engineered antibody chA21 on
proliferation and invasion of SK-OV-3 cells in vitro, and
its possible mechanisms. It might be important for the
treatment of ovarian cancer patients.

In the present study, the growth of SK-OV-3 cells
declined with increasing concentrations of chA21 by MTT
assay. In addition, the invasion ability was also inhibited
with chA21 treatment by a Transwell assay. Comparing
the results, we observed that with the same dose of
chA21, the inhibitory effect on SK-OV-3 invasion was
much greater than on cell growth. This suggests that the
reduced number of cells underneath the ECM-coated
membrane is mainly due to the inhibitory effect of chA21
on SK-OV-3 invasion. Furthermore, incubation with
chA21 inhibited cell invasion in a time- and
concentration-dependent manner. It showed that the
invasion ability and the degraded ability to ECM of
SK-OV-3 cells were inhibited evidently after subdomain I
of HER-2 ECD was bound. In order to investigate the

effect of subdomain I of HER-2 ECD in the invasion
signal pathway of SK-OV-3, we examined the expression
of p38MAPK, MMP-2, TIMP-2, which are downstream of
HER-2.

The mitogen-activated protein kinase (MAPK) family
has at least four members, namely p38, extracellular
signal-related kinases 1 and 2 (ERK1 and ERK2), Jun
amino-terminal kinases (JNKs), and ERK5. p38MAPK has
been a key signal transduction pathway in inducing a
wide variety of biological effects, such as cancer
progression, invasion, apoptosis, cell cycle regulation and
embryonic development(2324. The active form of p38,
phospho-p38, is localized in the nucleus and affects many
transcription factors such as transcription factor 2
(ATF-2), cfos, c-Jun and c-myc in order to regulate
cells[2526], Shen et all?l found SB203580, a chemical
inhibitor of p38, could significantly reduce the
invasiveness and migration of human prostate cancer.

MMP-2 or gelatinase A is able to cleave some matrix
components such as gelatin (collagen IV,V) and elastin[25].
MMP-2 and TIMP-2 play key roles in tumorigenesis,
migration and invasion. Under normal conditions, there
is a balance between MMP-2 and TIMP-212l. When the
MMP-2/TIMP-2 ratio is disturbed, MMP-2 will begin to
excessively degrade the ECM which promotes cell
invasion[30-33],

Many studies have shown HER-2, p38MAPK and
MMP-2/TIMP-2 system to be a circular signal
transduction pathway. Overexpression of HER-2 protein
can activate p38MAPK. The phospho-p38 protein can
then upregulate MMP-2 expression which can promote
HER-2 activation in turn337l. Additionally, Yang et all3]
found the suppression of MMP-2 expression by MR-3, a
methylated derivative of resveratrol, led to an inhibition
of A549 cell invasion by inactivating the p38 MAPK
signaling pathway.

Through immunocytochemistry and Western blot
analysis, we found SK-OV-3 cells incubated with chA21
(3, 6 and 12pg/ml) for 24 h, had a slightly reduced p38
expression while phospho-p38 staining was evidently
decreased. It showed that chA21 might mainly inhibit the
activation of p38 protein.

Immunocytochemistry was performed to detect
MMP-2 and TIMP-2 protein in SK-OV-3 in both control
and chA21 treated groups. In the chA21 treatment group,
the expression of MMP-2 and the MMP-2/TIMP-2 ratio
were decreased, while TIMP-2 expression was increased.
This result suggests that chA21 might change the
MMP-2/TIMP-2 balance. This change may then serve to
limit the invasion ability of SK-OV-3 cells.

In our study, the HER-2, p38MAPK and MMP-2/
TIMP-2 system seems to be very important to the
invasion process of ovarian carcinomas. As suggested
from the existing literature, HER-2 ECD is an important
target for ovarian cancer therapy. Subdomain I of HER-2
ECD may mediate the expression of MMP-2 and TIMP-2
by activating p38MAPK protein. Subdomain I of HER-2
ECD may participate in the cell signal transduction
pathway for SK-OV-3 cell invasion by regulating the
expression of MMP-2, TIMP-2, p38 and the activation of
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p38MAPK.
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