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Abstract

Background Surgical impact may be associated with
enhanced tumor growth and chemoresistance. This study
aimed to evaluate the effect of surgical impact on the
mRNA expression of survivin, epidermal growth factor
receptor (EGFR), and human epidermal receptor (HER2) in
tumors after pneumoperitoneum versus laparotomy.
Methods Nude mice were inoculated intraperitoneally
with human gastric cancer cells (MKN45). Then laparot-
omy, carbon dioxide (CO,) pneumoperitoneum, and anes-
thesia alone were performed randomly, after which EGFR,
HER2, and survivin mRNA expression using reverse
transcription-polymerase chain reaction (RT-PCR) was
evaluated.

Results The expression of EGFR and HER2 mRNA
increased significantly after the experiment. However, it
was higher after laparotomy than after CO, pneumoperi-
toneum at almost all examined time points. Survivin
mRNA expression increased significantly in the first 48 h,
then returned to the control level. It was higher after lap-
arotomy than after CO, pneumoperitoneum 48 h after the
surgical procedures.

Conclusion The expression of EGFR, HER2, and survi-
vin increased after each surgical procedure. However it was
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lower after CO, pneumoperitoneum than after laparotomy.
This might be associated with changes in the chemosen-
sitivity of the remnant cancer cells after surgery, supporting
the use of minimally invasive surgery for cancer.
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Surgery is accepted worldwide as an essential method for
treating gastrointestinal malignant tumors. At the same
time, the survival benefits for patients undergoing adjuvant
chemotherapy after surgery are well known [1, 2].
Recently, molecular cancer-targeting agents such as trast-
uzumab (Herceptin) for Her2 inhibition and cetuximab for
epidermal growth factor receptor (EGFR) inhibition have
been developed and used with anticancer agents for the
control of dormant cancer cells after surgery [3-5].

Surgical impact may be associated with enhanced post-
operative tumor growth and chemoresistance. Recently,
postoperative enhancement of the resistance to chemo-
therapy has been reported [6]. Additionally, alterations in
apoptosis induced by surgical stress and chemotherapeutic
agents have been noted repeatedly during the postoperative
period [7, 8].

The system represented by EGFR, human epidermal
receptor (HER2), and survivin interferes with chemother-
apeutic agents, which depend on apoptosis in their action.
Both EGFR and HER2 are transmembrane tyrosine kinase
receptors and members of the EGFR family. The binding of
different legends to their extracellular domain initiates a
signal transduction cascade that can affect many aspects of
tumor cell biology including cell proliferation, apoptosis,
adhesion, migration, and differentiation [9, 10].
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Survivin is a well-known inhibitor of apoptosis protein.
It is expressed in solid tumors such as those of lung,
esophagus, stomach, colon, pancreas, and breast, but it is
almost not found in normal adult tissues [11]. Upregulation
of survivin plays a vital role in resistance to chemotherapy
and radiotherapy [12]. Survivin has the ability to inhibit
apoptosis via the inhibition of caspase-3, -7, and -9 in cells
[13-18]. Findings have shown that the survivin level is
upregulated by the expression of HER2 and EFGR via
activation of the phosphoinositide 3 kinase (PI3 K)-sig-
naling pathway. Conversely, survivin level and apoptosis
resistance are decreased when cells are treated with the
HER2-specific inhibitor, Herceptin [3, 19].

To clarify the impact of surgical procedures on the
mRNA expression of EGFR, HER2, and survivin, we
evaluated their levels in tumors after carbon dioxide (CO,)
pneumoperitoneum versus laparotomy in a nude mouse
model with peritoneal dissemination of human gastric
carcinoma.

Materials and methods
Cell preparation

All cell culture reagents were purchased from Gibco BRL,
Life Technologies (Rockville, MD, USA). The MKN45
poorly differentiated human gastric carcinoma cell line was
grown in RPMI 1640 medium supplemented with 10%
fetal bovine serum and an antibiotic/antimycotic agent
containing 100 IU/ml of penicillin, 0.1 mg/ml of strepto-
mycin, and 2.5 x 10~* mg/ml of amphotericin B. The cells
were cultured in dishes in a 5% CO, atmosphere at 37°C.

To prepare tumor cells for inoculation, cells in the
exponential growth phase were harvested by 0.25% tryp-
sin-ethylenediaminetetraacetic acid (EDTA), then washed
and resuspended in phosphate-buffered saline (PBS). Cell
viability was determined by trypan blue exclusion, and
only single-cell suspensions of more than 90% viability
were used.

Animal models

Male 6- to 7-week-old BALB/c nude mice were obtained
from Seac Yoshitomi (Tokyo, Japan) and maintained under
specific pathogenic-free laboratory conditions. All proce-
dures were performed according to the Animal Experi-
mentation and Ethical Guidelines of Oita University. The
animals were kept 1 week before tumor inoculation, and
the animal weight was 25 to 30 g at that time.

To make the murine peritoneal dissemination model, the
mice were intraperitoneally injected with MKN45 cells
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(3 x 10° cells) as previously described [20]. Then the mice
were exposed to laparotomy, CO, pneumoperitoneum, or
anesthesia alone (35 mice per each group), or used as a
control condition (5 mice).

Using adhesive tape, the mice were fixed to the oper-
ating table in a supine position. In the laparotomy group,
after anesthesia, a 3-cm laparotomy was made along the
midline. Abdominal contents were exposed for 25 min.
Then the incision was closed using polyglycolic acid
sutures 3-0, and the animal was allowed to recover. In the
CO, pneumoperitoneum group, CO, pneumoperitoneum
was created and maintained for 25 min under pressure of
7- to 10-cm H,0 as previously reported, and this pressure
was tolerated by the mice [21]. In the anesthesia group,
each mouse underwent only diethyl ether anesthesia for
25 min. In the control group, the mice were killed imme-
diately with diethyl ether overinhalation.

The effect of surgical procedures on survivin, EGFR,
and HER2 mRNA expression in peritoneal tumors was
evaluated. On day 21 after preparation of the peritoneal
dissemination model, the mice were exposed to laparot-
omy, CO, pneumoperitoneum, anesthesia only, or imme-
diate killing without any surgical procedure. After 1, 6, and
48 h and 1 and 2 weeks, the animals (7 mice per time
point) were killed, and tumor nodules were collected. All
nodules were frozen immediately in liquid nitrogen, then
stored at —80°C.

Analysis of EGFR, HER2, and survivin mRNA
expression by reverse transcription-polymerase chain
reaction (RT-PCR)

Briefly, total RNA from tumor tissue in the parietal peri-
toneum (subcutis) was isolated by an automated procedure
using the BioRobot EZ1 RNA tissue Mini Kit (Qiagen,
Tokyo, Japan) according to the manufacturer’s instructions,
and purified total RNA was stored at —80°C. Total RNA
(1 pg) was reverse transcribed at 22°C for 10 min, then at
37°C for 60 min and 80°C for 5 min. Amplification with
specific primers for human EGFR, HER2, survivin, and
glyceraldehyde-3 phosphate dehydrogenase (GAPDH) was
performed (1 min at 94°C for denaturing, 1 min at 54°C
[GAPDH], 56°C [EGFR], 55°C [HERZ2], or 60°C [survivin]
for annealing, and 1 min at 72°C for extension, for 33
cycles). The primer sequences used were those shown in
Table 1 [22-24]. The amplified products were electro-
phoresed with 6x Loading Buffer Triple Dye (Wako,
Nippon Gene, Tokyo, Japan) on 1.8% agarose gels, with
GAPDH used as an internal control and for estimating
mRNA-relative expression. Bands were analyzed using
scanning densitometry by image J analysis software (U.S.
National Institutes of Health, Bethesda, MD, USA).
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Table 1 Primer sequences used for reverse transcription-polymerase
chain reaction (RT-PCR)

Primer Sequence Length
(bp)
EGFR F 5'- CTATGAGATGGAGGAAGACG-3’ 217
R 5'-CAGAGGAGGAGTATGTGTGA-3'
HER2 F 5-GAAGGTGAAGGTGCTTGGATCTGG-3" 340
R 5'-TAGCTCATCCCCTTGGCAATCTGC-3’
Survivin  F 5-AGCCCTTTCTCAAGGACCAC-3' 363
R 5-GCACTTTCTTCGCAGTTTCC-3'
GAPDH F 5-GCCAAAAGGGTCATCATCTCTG-3' 348

R 5'-CATGCCAGTGAGCTTCCCGT-3'

EGFR epidermal growth factor receptor; HER2 human epidermal
receptor; GAPDH glyceraldehyde-3 phosphate dehydrogenase

Statistical analysis

Survivin, EGFR, and HER2 mRNAs were expressed as a
ratio to GAPDH mRNA. The data then were expressed as
mean =+ standard deviation. Associations between vari-
ables were tested using analysis of variance (ANOVA).
The groups then were compared post hoc using Student’s
t-test. A p value less than 0.05 was considered statistically
significant.

Results
Expression of EGFR mRNA after surgical procedures

Using RT-PCR, we examined EGFR mRNA expression in
the parietal peritoneal tumors after laparotomy versus CO,
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pneumoperitoneum. In the laparotomy and CO, pneumo-
peritoneal groups, EGFR mRNA expression started to
increase 1 h after the experiment and then continued to
increase progressively until 48 h. After that, EGFR mRNA
expression in both groups started to decrease. However,
they did not reach the control level until the end of the
2-week observation period.

At all check points, a significant difference in EGFR
mRNA expression was observed between both treatment
groups and the control group (p < 0.1). Moreover, EGFR
mRNA expression was significantly higher 1 h (p < 0.05),
6 h, 48 h, and 1 week (p < 0.01) after laparotomy than
after CO, pneumoperitoneum. No significant difference
was found between laparotomy and CO, pneumoperito-
neum 2 weeks after surgery. In the anesthesia-only group,
the expression of EGFR mRNA was significantly higher
than in the control group 1 h after the experiment
(p < 0.01), then started to decrease toward the control level
soon after the 6-h point (Fig. 1A, B).

Expression of HER2 mRNA after surgical procedures

We examined HER2 mRNA expression by RT-PCR and
found that it started to increase significantly in the lapa-
rotomy and CO, pneumoperitoneal groups 1 h after the
experiment, then continued to increase significantly and
progressively until 48 h in the laparotomy and CO, pneu-
moperitoneal groups. Thereafter, HER2 mRNA expression
in both groups started to decrease but did not reach the
control level until the end of the 2-week observation
period.

Similar to EGFR, HER2 mRNA expression was signif-
icantly higher in both treatment groups than in the control

P48h L48h Plw Llw P2w L2w

—4— Anesthesia
-8 Pneumo
=4~ Laparotomy

C 1h 6h

EGFR relative expression to GAPDH

48h 1w 2w

Time course after experiment

Fig. 1 Relative expression of epidermal growth factor receptor
(EGFR) mRNA in human gastric tumors after carbon dioxide (CO;)
pneumoperitoneum and laparotomy in tumor-bearing mice (7 mice
per each time point, 5 control mice). A Reverse transcription-

polymerase chain reaction (RT-PCR) representation. B Time course
after the experiment. *p < 0.05. **p < 0.01 (compared with laparot-
omy). ¥p < 0.01 (compared with the control group). L laparotomy; P
or pneumo CO, pneumoperitoneum; C control; NS not significant
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Fig. 2 Human epidermal A
receptor (HER2) mRNA-
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group at all check points (p < 0.01). Also, HER2 mRNA
expression was significantly higher after laparotomy than
after CO, pneumoperitoneum at all examined time points
(» <0.05 at 1 h and p < 0.01 at 6 h, 48 h, and 1 week,
then again p < 0.05 at 2 weeks). Additionally, HER2
mRNA expression in the anesthesia group was low but
significantly higher at 6 h and 48 h after the experiment
than in the control group (p < 0.01). It then started to fall
toward the control level after 48 h (Fig. 2A, B).

Expression of survivin mRNA after surgical procedures

We examined the expression of survivin mRNA after the
surgical procedures to clarify whether it was affected like
EGFR and HER2 or not. Survivin mRNA expression sig-
nificantly increased in the three groups at 6 h but continued

Fig. 3 Survivin mRNA-relative A C
expression in human gastric
tumors after carbon dioxide
(CO,) pneumoperitoneum and
laparotomy in tumor-bearing
mice (7 mice per each time

e - - — - — — _ _

1h 6h 48h 1w aw
Time course after experiment

to increase only in the laparotomy and CO, pneumoperi-
toneum groups until 48 h (p < 0.01). Then it decreased
toward the control level in all the groups. A significant
difference in mRNA expression between the laparotomy
and CO, pneumoperitoneum groups was observed only at
48 h after the experiment (p < 0.05) (Fig. 3A, B).

Discussion

In this study, both the laparotomy and CO, pneumoperi-
toneum surgical procedures were able to activate postop-
erative mRNA expression of EGFR, HER2, and survivin to
different degrees. To our knowledge, this is the first report
to describe the effect of surgical procedures on the mRNA
expression of these factors in tumors. Because EGFR,
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HER2, and survivin have a role in cancer growth and
chemoresistance, it is important to examine the changes in
their mRNA expression after laparotomy and CO, pneu-
moperitoneum [3, 12, 14-16, 19].

To clarify the surgical impact on mRNA expression of
EGFR, HER?2 and survivin, mice with human gastric can-
cer disseminated in their peritonea were prepared, and
laparotomy and CO, pneumoperitoneum were used as
surgical procedures in this study. This animal model is
popularly used to compare the surgical impact of open and
laparoscopic surgery on cancer growth and progression
because it is a simple and convenient model [20, 21].

Recently, using the same model, we have reported for
the first time, to our knowledge, that the surgical impact of
laparotomy and CO, pneumoperitoneum could enhance the
activity of nuclear factor kappa B (NFxB) and the mRNA
expression of migration inhibitory factor (MIF) and TNF«
in human gastric cancer [25]. Also, this previous study
shows the possibility that the tumor growth could be
affected not only by the extent of surgical stress but also by
the location and the size of tumor. Therefore, it seems that
these factors may affect HER2, EGFR, and survivin mRNA
expression.

In the current study, EGFR and HER2 mRNA expres-
sion was significantly increased from the basal control
level in both the laparotomy and CO, pneumoperitoneum
groups, then maintained at a significantly higher level than
the basal level at least during our 2-week observation
period. Interestingly, EGFR and HER2 mRNA expression
was significantly higher after laparotomy than after CO,
pneumoperitoneum. Moreover, survivin mRNA expression
increased significantly from the control level in both
groups until 48 h after surgical procedures and was sig-
nificantly higher after laparotomy than after CO, pneu-
moperitoneum, but only 48 h after each procedure.

These data suggest that the impact of surgery on mRNA
expression of EGFR, HER2, and survivin remains for a
long duration, and that upregulation of their mRNA
expression may depend on the extent of the surgical pro-
cedure. Besides surgical stress, several different mecha-
nisms such as wound healing, hypoxia, and acidosis may
be associated with the expression of these genes after
laparotomy and CO, pneumoperitoneum [26—29]. It seems
that further studies are necessary to clarify the mechanism
that regulates these genes after surgery.

Recently, is reported that cancer cell growth and cancer
cell chemoresistance to anticancer agents such as taxols
and cisplatin can develop by upregulation of EGFR and
HER?2, which enhances survivin expression in human
cancer via the activation of the PI3 K-signaling pathway
[13-18]. Conversely, survivin levels and apoptosis resis-
tance were decreased when cells were treated with the

HER2-specific  inhibitor, Herceptin [3]. Moreover,
enhanced expression of survivin in cancer cells is corre-
lated with a poor prognosis and a decrease in the overall
survival of cancer patients due to promotion of cancer
growth and inhibition of apoptosis [30, 31].

Our study shows upregulation of mRNA expression of
EGFR, HER2, and survivin by surgical impact, which may
induce chemoresistance in the remnant cancer cells after
surgery. Therefore, neoadjuvant chemotherapy or surgery
with minimal invasiveness may be considered for cases in
which postoperative chemotherapy is required. In addition,
cancer molecular targeting therapy may be more effective
after surgery because of the postoperative upregulation of
EGFR, HER2, and survivin.

In clinical settings, the staging of cancer is the most
important factor in the choice of treatment methods.
Especially, staging laparoscopy is useful for the diagnosis
of peritoneal dissemination to avoid unnecessary laparot-
omy [32]. Our results suggest that unnecessary exploration
to detect peritoneal dissemination can cause activation of
cancer cells. After staging laparoscopy, if the advanced
cancer lesion is completely removed by surgery, the
residual microscopic cancer cells must be considered [I,
33, 34].

Recently, reports have shown postoperative adjuvant
chemoradiation therapies to be useful for the treatment of
advanced cancer [1, 2]. Therefore, clinicians have begun to
apply laparoscopic surgery with minimal invasiveness for
advanced cancer because effective adjuvant chemotherapy
can be started during the early period after surgery [35].

In conclusion, this study shows enhanced mRNA
expression of EGFR, HER2, and survivin after surgery.
These increased levels of expression, which are greater
after laparotomy than after CO, pneumoperitoneum, may
result in enhanced postoperative chemoresistance in
residual cancer cells, but this needs further study. The
application of the minimally invasive surgery to the
advanced cancer should be accepted after the technical
feasibility of the extensive lymphadenectomy has been
established, and it still is a matter of controversy because of
the unexpected port-site metastasis or immunologic effect
of CO, pneumoperitoneum for patients. Further basic and
clinical studies are necessary to clarify the impact of open
and laparoscopic surgery on the remnant cancer cells after
surgical procedures.
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