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peritoneum than after laparotomy as determined by
DTH in a murine model.’#!* All these findings suggest
that postoperative systemic cell-mediated immune func-
tion is less impaired after laparoscopic surgery.
Several clinical studies on the effect of pneumoperi-
toneum on systemic T-lymphocyte subpopulations have
also been reported. Vallina and Velasco showed that
the ratio of T-helper lymphocytes to T-suppressor lym-
phocytes decreased after laparoscopic cholecystec-
tomy,? while Brune et al. reported that T lymphocytes
were stimulated after open cholecystectomy, but not
after laparoscopic cholecystectomy.?! Brune et al. also
showed that the Th1/Th2 balance was better preserved
after laparoscopic cholecystectomy than after open
cholecystectomy.? .
Clinically, the laparoscopic procedure is better than
the open procedure from the standpoint of systemic
cell-mediated immune response. Lacy et al. recently
reported the results of a randomized clinical trial on
laparoscopy-assisted colectomy and open colectomy,
for stage III tumors, which showed that laparoscopic
surgery contributed to earlier recovery and oral-intake
times, shorter hospital stay, lower morbidity, and higher
survival rate than open colectomy.? Our study also sup-

ports the usefulness of laparoscopic surgery as a less

invasive alternative to open surgery.

There are few reports about cell-mediated immunity
in the peritoneal cavity after surgical procedures. By
analyzing rat PECs on the first day after the operative
procedures, Gutt et al. showed that systemic CD4/8 was
increased and peritoneal CD4/8 was decreased in both
laparoscopic and open surgery groups, but the differ-
ences between the groups were not significant.” In our
study analyzing T-lymphocyte populations in murine
PECs over time, the percentages of CD3*, CD4*, and
CD8* T lymphocytes increased for a shorter period
after laparotomy than after pneumoperitoneum, and
the peritoneal CD4/8 ratio of POD 3 was less impaired
after pneumoperitoneum than after laparotomy. The
cause for these modifications in immunity in the perito-
neal cavity after surgery remains unclear.

Peritoneal mesothelial cells.are known to secrete sev-
eral cytokines that regulate inflammation, wound heal-
ing, and tissue regeneration.”? Betjes et al. showed that
mesothelial cells produced interleukin-8 by stimulating
interleukin-1 and tumor necrosis factor-a.” These
cytokines could induce T-lymphocyte migration to the
intraperitoneal cavity in response to surgical stress.
Laparotomy may result in a stronger stimulation of
peritoneal mesothelial cells than pneumoperitoneum,
which would explain the increased populations of T
lymphocytes and NK cells in PECs after laparotomy.

In our previous studies, CO, pneumoperitoneum and
laparotomy caused different morphologic changes in
- mesothelial cells, upregulated the intraperitoneal secre-
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tion of hyaluronic acid, and increased the expression of
adhesion molecules in peritoneal mesothelial cells.!21326
When CO, pneumoperitoneum or laparotomy is per-
formed, different types of injuries to peritoneal me-
sothelial cells seem to occur in the peritoneal cavity
because of the "different temperature, moisture, and
pressure exposures.

Barbul et al. and Fishel et al. investigated lymphocyte
participation in wound healing in a rat model, and
showed that helper T lymphocytes and cytotoxic T lym-
phocytes remained in the superficial and deep layers of
the wound until POD 10, while the CD4/8 ratio in the
wound was 2:1.2728 Thus, changes in peritoneal lympho-
cyte populations after surgery may be associated not
only with direct damage to peritoneal immune cells by
operative procedures, but also with wound healing after
surgery. ‘

Surgical stress causes suppression of systemic
NKCC,!* and NK cells play an important role in fighting -
bacterial and viral infections, and in surveillance against
tumor cell growth and dissemination.?*® Using a rat
model, Sandoval et al.-showed that CO, pneumoperito- .
neum does not lead to the systemic suppression of NK
cell activity.'” Allendorf et al. showed that inoculated
tumors in the backs of mice grew more remarkably after
laparotomy than after pneumoperitoneum because of
the suppression of NKCC in the circulating NK cells.®
In a study on cholecystectomy patients, Walker et al.
showed that a open procedure resulted in a significant
reduction of circulating NK cell subsets in comparison
with laparoscopic procedure.® Our results for splenic
NKCC after the operative procedures were similar to
theirs, although NKCC of peritoneal immune cells was
very low both before and after surgery, and there was
no difference in the NKCC of PECs between CO, pneu-
moperitoneum and laparotomy. It remains unclear
whether the NKCC of peritoneal immune cells affects
the progression of tumor cells disseminated intraperito-
neally, and the importance of peritoneal NKCC after
surgery for gastrointestinal cancer needs to be clarified.

In conclusion, the populations of T lymphocytes and
NK cells in PECs were less impaired after CO, pneumo-
peritoneum than after laparotomy. Systemic NKCC was
less suppressed after pneumoperitoneum than after lap-
arotomy, but peritoneal NKCC after pneumoperito-
neum was the same as that after laparotomy. Our data
suggest that laparoscopic surgery is preferable to open
surgery for abdominal malignancies because the cell-
mediated immune response, including the peritoneal
CD4/8 ratio and systemic NKCC, is less impaired as a
result. However, the association between peritoneal
metabolism and peritoneal immune response after sur-
gery, and the interaction between systemic and peri-
toneal immune responses after surgery, need to be
clarified.
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Abstract. Because of the increased incidence of early
gastric cancer in Japan, minimally invasive laparoscopic
approaches to gastric malignancies have been under de-
velopment since 1991. Laparoscopic local resection of
the stomach, i.e., laparoscopic wedge resection (LWR)
and intragastric mucosal resection (IGMR), is used to
treat mucosal cancer without lymph node metastasis.
Laparoscopy-assisted distal gastrectomy (LADG) is
used to treat early gastric cancer with risk factors for
regional lymph node metastasis. A survey conducted by
the Japan Society for Endoscopic Surgery showed that
1428 LWRs, 260 IGMRs, and 2600 LADGs were per-
formed between 1991 and 2001 in departments of end-
oscopic surgery in Japan. Laparoscopic gastrectomy for
gastric cancer is still under development in Japan. Ac-
cording to short-term results reported by a small group
of surgeons, laparoscopic approaches to gastric cancer
provide for minimal invasion, early recovery, and de-
creased morbidity and mortality. If the advantages can
be confirmed in one or more multicenter randomized
control studies of the long-term outcome of patients
undergoing laparoscopic gastrectomy for gastric cancer,
the procedure should come into wide acceptance and use.

Key words: Early gastric cancer — Lapafoscopic

wedge resection — Intragastric mucosal resection —

Laparoscopy-assisted distal gastrectomy

The incidence of gastric cancer is high in Japan, and
cases are managed routinely by surgery with systemic
lymph node dissection. Detection of early gastric cancer
has increased because of the development of diagnostic
techniques such as endoscopy, biopsy, and endoscopic
ultrasonography [17]. Because of the high incidence of
early gastric cancer, minimal invasiveness is a consid-
eration, and several new surgical procedures with min-
imal invasiveness have been developed. These include
endoscopic mucosal resection (EMR) [20], laparoscopic
surgery [7], and pylorus-preserving gastrectomy [22].

Correspondence to: S. Kitano

After the first laparoscopy-assisted distal gastr-
ectomy (LADG) for early gastric cancer was performed
in 1991 [7], laparoscopic gastrectomy began to be used
by many surgeons around the world [5, 11]. In Japan,
new laparoscopic procedures, such as laparoscopic
wedge resection (LWR) and intragastric mucosal resec-
tion (IGMR), have been developed for the management
of patients with early gastric cancer [14, 15]. Because of
the improved outcome achieved with laparoscopic pro-
cedures for early gastric cancer, indications for laparo-
scopic procedures have been expanded from early to
advanced gastric cancer.

Herein, we review the current indications for, tech-
niques pertaining to, and outcomes of laparoscopic
procedures for gastric cancer, including LWR, IGMR,
and LADG in Japan.

I. Laparoscopic local resection of the stomach

Laparoscopic local resection of the stomach has been
performed in Japan since 1994 for minimally invasive
management of early gastric cancer. One technique is
LWR, developed by Ohgami et al. [15], and the other is
IGMR developed by Ohashi [14].

Indications
{]

Pathologic examination of early gastric cancers reveals
the presence of nodal metastasis in 2-3% of mucosal
carcinomas and 15-20% of submucosal carcinomas [18,
26]. Lymphatic vessel invasion, histological tumor ul-
ceration, and tumor diameter (> 30 mm) are independ-
ent factors predicting regional lymph node metastasis
[24]. The data suggest that most early carcinomas are
located only in the gastric wall and that local resection
of the gastric wall is adequate for clearance. Theoreti-
cally, laparoscopic local resection can be applied to treat
early gastric cancer that shows no risk factors for lymph
node metastasis (Table 1). Ohgami et al. reported the
following indications for LWR: (1) preoperative diag-
nosis of mucosal cancer, (2) diameter <25 mm for
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Laparoscopic local resection

IGMR LWR Laparosopic gastrectomy (LADG)
Number of cases 260 1428 2600
in Japan® (1991--2001)
Indication Early gastric cancer without Early gastric cancer with
(in our department) risk of LN metastasis risk of LN metastasis
(1) Mucosal cancer: (1) Mucosal cancer:
difficult to resect by EMR elevated type (> 25 mm)
elevated type (<25 mm) depressed type (> 15 mm)
depressed type (<15 mm) with ulceration
without ulceration (2) Submucosal cancer with slight invasion
(2) Location posterior (IGMR),
except posterior (LWR)
Complication rate in Japan®
Intraoperative (%) . 4.2 2.1 ) 1.4
Postoperative (%) 6.5 4.6 9.7
# From [8]

protruding type lesions, (3) diameter <15 mm and UL
(=) for depressed type lesions [15]. The procedure can be
applied to a lesion located in any part of the stomach
except the posterior wall. The indications for IGMR are
nearly the same as those for LWR, but IGMR can be
applied to a lesion located in any part of the stomach
except the anterior wall. The accepted indications for
IGMR are as follows: (1) mucosal carcinoma difficult to
resect completely by EMR, (2) mucosal carcinoma of
the elevated type (<25 mm) or depressed type (<15
mm), and (3) mucosal carcinoma located in any part of
the stomach except the anterior wall [14].

Techniques

. LWR. LWR is performed by the lesion-lifting method
[15]. The cancerous lesion and the gastric wall around it
are exposed endoscopically and laparoscopically. The
abdominal wall and gastric wall near the lesion are
pierced with a 12-G sheathed needle. A small metal rod
with a fine wire is inserted into the stomach through the
outer sheath, and the sheath is removed. The lesion is
lifted by retracting the metal rod and resected. with a
wedge-shaped part of the stomach with the use of an
endoscopic stapler. After the resected specimen is
removed, the abdomen is closed.

The lesion must be removed with an adequately clear
margin. To resect the lesion successfully, Altorjay et al.
developed the modified lesion-lifting- method called the
double-lifting method [4].

IGMR. IGMR is performed as follows. Three trocars

are placed in the gastric lumen, penetrating both the
abdomen and stomach walls, under gastrofiberscopic
and laparoscopic observation. These trocars fix the
gastric wall to the abdominal wall with a balloon. After
the laparoscope and two forceps are inserted into the
stomach through the trocars, dots are placed to indicate
the removal margin around the lesion, and mucosal re-
section is performed. Hemostasis is achieved by elec-

trocautery and laser. The resected specimen is extracted
by gastrofiberscope. Each balloon is then deflated, and
the trocars are pulled out.. Each port in the stomach is
sutured laparoscopically, and the abdomen is closed.

For IGMR, it is important to access the gastric lumen
easily and get an optimal operative field. There are
several new devices, such as the expandable sleeve [21],
which can be used instead of forceps with a balloon, to
provide the necessary easy access. Yamashita et al. used
a Buess-type endoscope to resect the lesion with the full-
thickness wall from the gastric lumen [25].

Evaluation and current status of laparoscopzc local
resection in Japan

After laparoscopic local resection was made possible, its
use increased in the early 1990s. A survey of the Japan
Society for Endoscopic Surgery, in which 1462 out of
2706 departments of endoscopic surgery responded (the
response rate: 54%), revealed 1428 LWRs and 260 IG-
MRs were carried out between 1992 and 2001 in Japan
[8] (Table 1). These data suggest that 20-30% of patients
with early gastric cancer are treated by laparoscopic
local resection in these departments.

There has been no study into the clinical advantages
of laparoscopic local resection versus open local resec-
tion. A survey of the Japan Society for Endoscopic
Surgery showed the incidence of intraoperative and
postoperative complications for the last 10 years to be
2.1% and 4.6% after LWR, and 4.2% and 6.5% after
IGMR, respectively [8]. The major intraoperative com-
plications after LWR and IGMR are bleeding and
gastric emptying, respectively. These do not seem to be a
higher incidence of intraoperative or postoperative
complications after laparoscopic procedures compared
to the incidence with open procedures. Mortality rates
following LWR and IGMR were both 0%.

According to the results of the survey, patients could
ingest liquid on the second day, and solid food was
started on the second or third postoperative day after
LWR and IGMR. In our department, the time to PO
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intake was two days after LWR or IGMR, and the
average period of postoperative hospital stay was ~10
days. These data suggest early recovery after laparo-
scopic local resection.

There are few reports of survival and cancer recur-
rence after LWR and IGMR. Ohgami et al. reported
two recurrences out of 111 cases treated by laparoscopic
local resection [15]. In both cases, recurrence was diag-
nosed within 2 years after initial surgery, and the lesions
were successfully treated by open gastrectomy and laser
irradiation. So far, all patients in Ohgami’s series have
survived the 4- to 65-month follow-up period. Hiki
reported that all 29 patients in his series have been
recurrence-free for a follow-up period of 46 months.

We believe that both LWR and IGMR are curative
and minimally invasive treatments applicable to early
gastric cancer without lymph node metastasis, when the
indication of these procedures is limited.

I1. Laparoscopy-assisted distal gastrectomy (LADG)

Laparoscopy-assisted Billroth-I gastrectomy for early
gastric cancer was first performed by Kitano et al. in
1991 [7], and the first totally laparoscopic Billroth-II
gastrectomy was reported by Goh and Kum in 1992 [5].
Laparoscopic gastrectomy is still in the developmental
phase around the world, whereas the use of LADG for
early gastric cancer has increased significantly in Japan.

Indications

LADG was developed to treat early gastric cancer in
which there is some risk of lymph node metastasis at the
perigastric portion (nl) (Table 1). The guidelines for
gastric cancer treatment of the Japanese Gastric Cancer
Association give the indications for LADG as follows:
(1) mucosal cancer without preoperatively diagnosed
lymph node metastasis, (2) cancer with submucosal in-
vasion and without preoperatively diagnosed lymph
node metastasis [13]. It is sometimes difficult to diagnose
lymph node metastasis preoperatively, and the rate of
accuracy is very low. Therefore, in our department, the
indication for LADG is determined by tumor size, depth
of cancer, the presence of ulceration, and histologic type
[19, 26]. Our present indications for LADG are as fol-
lows: (1) mucosal cancer of the elevated (>25 mm) or
depressed type (> 15 mm), (2) mucosal cancer with peptic
ulcer, (3) remnant cancer after endoscopic mucosal re-
section, and (4) carcinoma with minimal submucosal
invasion. These criteria account for 60% of patients with
early-stage gastric carcinoma in our study series.

Technique

After the Hasson type cannula is placed at the subum-
bilical portion, four other ports are placed in the upper
abdomen under laparoscopic observation. The greater
omentum and gastrocolic ligament are dissected lapa-
roscopically outside the epigastric arcade. The right

gastroepiploic vessels are cut at the pancreatic surface to
facilitate dissection of lymph nodes at the subpyloric
portion. The lesser curvature is dissected, and the left
gastric vessels are divided after double ligation with
clips. The left cardiac and superior gastric lymph nodes
are dissected down to the distal portion of the stomach.
The suprapyloric lymph nodes are also dissected after
ligation of the right gastric artery. After complete
laparoscopic mobilization of the lower two-thirds of the
stomach, a 5-cm midline skin incision is placed just be-
low the xiphoid. After transection of the duodenum
through a small laparotomy, the distal two-thirds of the
stomach containing the cancer is resected with an
autostapler. The regional lymph nodes are completely
dissected along with the distal portion of the stomach.
Gastroduodenostomy is performed in the same way it is
done in open surgery, via small laparotomy.

Evaluation and current status of laparoscopic
gasirectomy in Japan

The survey of the Japan Society for Endoscopic Surgery
showed that 2600 LADGs were performed from 1991 to
2001 in departments of endoscopic surgery in Japan [§]
(Table 1). Since 1996, the use of LADG has rapidly
increased, and 959 gastric cancers were treated by
LADG in 2001. Because ~20,000 patients with early
gastric cancer are estimated to be performed in Japan a
year, LADG may amount to only 5% in gastrectomy for
early cancer. Thus, LADG is still performed in only a
limited number of hospitals in Japan, but the number
has increased year by year. In a few hospitals, because of
the improved..outcome for patients receiving LADG,
indications for LADG have expanded to include lymph
node dissection (D2) [23].

The survey of the Japan Society for Endoscopic
Surgery showed the mortality of LADG for the past 10
years to be 0% and also showed the LADG-associated
incidence of intraoperative and postoperative compli-
cations to be 1.4% and 9.7%, respectively [8]. The major
intraoperative complication is bleeding, and the major
postoperative complications are gastric emptying, an-
astomotic leakage and wound infection. Maruyama et
al. reported that the mortality and morbidity of open
distal gastrectomy (ODG) with D1 lymph node dissec-
tion were 0.5% and 20.6% [12]. These data suggest that
LADG is as safe as conventional ODG.

There are several reports of clinical advantages of
LADG compared with ODG. Goh et al. reported that
10 of 16 surgeons in responses to questionnaires in a
worldwide survey recognized the superiority of laparo-
scopic gastrectomy to open gastrectomy because of
faster recovery, less pain, and better cosmesis [6]. We
showed by retrospective study that there were several
advantages to LADG in comparison to ODG, including
less surgical trauma assessed by acute inflammatory in-
dex, better hutrition, less pain, rapid return of gastro-
intestinal function, and shorter hospital stay, with no
decrease in operative curability [1]. We have shown in a
small randomized study that there are some advantages
including less pain and less impaired pulmonary func-
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tion after LADG in comparison to ODG [9]. LADG is a
better option than ODG with regard to patient’s quality
of life (QOL) [2]. Regarding the cost, our previous study
showed that LADG is less expensive than conventional
open gastrectomg (total hospital charges, ¥ 1336 x 10
vs ¥ 1411 x 10°) because both the postoperative re-
covery period and the hospital stay are shorter (16.1 vs
20.5 days) [3]. But Rosin et al. pointed out problems
with LADG, including complexity of the procedure and
long operation time [16]. A multicenter randomized
controlled trial is needed to confirm the clinical advan-
tages of LADG.

In our series, 116 LADGs with regional lymph node
dissection (D1) were performed over 10 years [10]. All
patients, except one who died of cerebral bleeding, were
alive without recurrence or port-site metastasis at the
mean follow-up period of 45 months. Although there
are no other data on survival and recurrence after
LADG, we believe that LADG is a curative procedure.
The lower complication rate and lower recurrence rate
of LADG might be caused by not only the strict indi-
cations for LADG but also the improvement in tech-
nique on the instruments, such as laparoscope and
laparoscopic coagulation shears, or surgical skill. Now,
a few institutes in Japan have tried to treat advanced
gastric cancer laparoscopically.

Conclusions

Laparoscopic gastrectomy for gastric cancer is still in
the developmental phase in Japan. Since 1991, three
laparoscopic procedures, LWR, IGMR, and LADG,
have been used in Japan, and they have been widely
accepted for the past 10 years. The indication for LWR
and IGMR is mucosal cancer without risk of lymph
node metastasis, and that for LADG is early gastric
cancer with a risk of perigastric lymph node metastasis
(n1). We believe that laparoscopic procedures are useful
for the treatment of patients with early gastric cancer
because of the minimal invasiveness, decrease in pain,
and early recovery. If the advantages can be confirmed
in one or more multicenter randomized control studies
of the long-term outcome of patients undergoing lapa-
roscopic gastrectomy for gastric cancer, the procedure
will come into wide acceptance and use.
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Abstract

Background: The effect of carbon dioxide (CO,) pneu-
moperitoneum on the liberation of cancer cells from the
primary tumor is not clear. This study investigated the
influence of laparotomy versus CO, pneumoperitoneum
on the progression of colon cancer with serosal invasion
in a mouse model.

Methods: Pieces of human colon adenocarcinoma
(HT29) tumor were implanted in the cecal wall of 45
BALB/c nude mice. Each mouse underwent one of three
procedures: laparotomy, CO, pneumoperitoneum, or
anesthesia (control). Three weeks later, the size and
weight of cecal tumors, the number of nodules, and the
tumor volume score of peritoneal dissemination were
examined. Another 45 mice were treated in the same
way. The cecal tumor was resected on days 1, 3, or 5
after treatment. Total RNA was isolated from the re-
sected tumors. The expression of E-cadherin and beta-1
integrin messenger RNA (mRNA) was examined by
semiquantitative real-time reverse transcriptase—poly-
merase chain reaction assay.

Results: Significantly more nodules of peritoneal dis-
semination were found in the laparotomy group than in
the control group (»p < 0.05). The tumor volume score
of peritoneal dissemination in the laparotomy group was
significantly higher than in the other two groups (p <
0.05). The expression of E-cadherin mRNA at day 5 in
the laparotomy group was significantly less than in the
other two groups (p < 0.05). There were no differences
in beta-1 integrin among three groups.

Conclusions: Peritoneal dissemination was more exten-
sive after laparotomy than after CO, pneumoperitone-
um in a mouse model of cecal cancer with serosal
invasion. Decreased expression of E-cadherin mRNA in
tumors after laparotomy, but not after CO, pneumo-
peritoneum, may be associated with the increase in
peritoneal dissemination.

Correspondence to: H. Takeuchi

Key words: Pneumoperitoneum — Peritoneal dissemi-
nation — Murine model — Real-time RT-PCR
E-cadherin

Laparoscopic surgery has been applied to many patients
with colorectal cancer [1, 12, 14, 22]. It is considered less
invasive and less immunosuppressive than conventional
open surgery [12, 14]. Recently, the indications for lap-
aroscopic resection have been expanded to include not
only the early stage, but also the advanced stage of
malignancy. However, the influence of the laparoscopic
procedure on the prognosis of patients with malignancy
is unclear.

Peritoneal dissemination is an important prognostic
factor in colorectal cancer. Surgery is indicated for ad-
vanced colorectal cancer with serosal invasion before
peritoneal dissemination occurs. Therefore, several ani-
mal studies have investigated the effects of carbon
dioxide (CO,) pneumoperitoneum induced for laparo-
scopic surgery on port-site seeding and peritoneal dis-
semination [3, 9, 16]. Instrument manipulation and
mechanical tumor spillage seem to play the major role in
cancer seeding and dissemination in laparoscopic sur-
gery [3, 17]. On the other hand, morphologic study using
electron microscopy showed the typical changes of
mesothelial cells after CO, pneumoperitoneum and
laparotomy [18, 21], suggesting the direct influence of
mesothelial cells on the adhesion molecules by these
surgical procedures. It therefore is also critical to clarify
the effect of CO, pneumoperitoneum and laparotomy
on the liberation of cancer cells from primary tumor
with serosal invgsion but without peritoneal dissemina-
tion.

In the current study, we investigated and compared
the influence of CO, pneumoperitoneum and that of
laparotomy on the progression of colorectal cancer with
serosal invasion in a nude mouse model from the
viewpoint of adhesion molecules expression.
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Table 1. Tumor volume score

Points Nodule diameter
0 <1 mm

1 21 to <2 mm

2 22 to <3 mm

3 23 to <4 mm

Materials and methods

Male 7-week-old BALB/c nude mice were kept under standard
laboratory conditions with free access to food and water before and
after surgery. All procedures were performed according to the
Guidelines for Animal Experimentation of Oita University. An
HT29 human colon adenocarcinoma cell line was grown in RPMI
1640 medium (Gibco BRL; Life Technologies, Rockville, MD,
USA) supplemented with 10% fetal bovine serum (Gibco BRL) and
an antibiotic-antimycotic agent containing 100 IU/ml penicillin, 0.1
mg/ml streptomycin, and 2.5 x 10* mg amphotericin B (Gibco
BRL). The cells were cultured in dishes in a 5% CO, atmosphere at
37°C.

Cecal cancer model

This study was performed with a modified cecal cancer model [6].
The mice were anesthetized with diethyl ether and inoculated with
0.1 ml of the tumor suspension (I x 10° cells). Three weeks later, a
subcutaneous tumor was resected aseptically from each mouse. Ne-
crotic tissue in the resected tumor was cut away, and the remaining
healthy tumor tissue was scissor-minced into 50-mg pieces in Hank’s
balanced salt solution. A second group of mice was anesthetized the
same way, and tumor pieces were fixed on the serosal surface of the
murine cecal wall.

Experiment 1

Tumor pieces were implanted in the cecal wall of 45 mice. Three weeks
later, the mice were randomly divided into a laparotomy group
(n = 15), a CO, pneumoperitoneum group (n = 15), and an anes-
thesia (control) group (# = 15). For the CO, pneumoperitoneum
group, we used a convenient murine pneumoperitoneum model that we
have described previously [19]. With the mice under anesthesia with
diethyl ether, CO, pneumoperitoneum was created and maintained for
30 min with CO, insufflations at 5 mmHg.

Three weeks later, all the mice were killed using anesthesia over-
load. Cecal tumors were resected, and tumor size and weight were
measured. Peritoneal dissemination was assessed by the number of
nodules larger than 1 mm in diameter and by the tumor volume score
(Table 1).

Experiment 2

Tumor pieces were implanted in the cecal wall of another 45 mice.
Three weeks later, the mice were randomly divided into three groups
the same as in the first experiment. The mice were treated as previously
described and killed per each three groups on days 1 (n = 5), 3
(n = 5), or 5 (n = 5) after surgery. A tissue sample from the cecal
tumor of each mouse was frozen immediately in liquid nitrogen and
stored at —80°C until extraction of total RNA. Total RNA was iso-
lated from the -cecal tumors by the acid guanidinium thiocyanate-
phenol-chloroform extraction procedure [4], complementary DNA
(cDNA) was synthesized by reverse transcription from 2.5 pg of total
RNA. A real-time polymerase chain reaction (PCR) assay was per-
formed with a LightCycler (Roche Diagnostics, Mannheim, Germany)

in a total volume of 20 yl, to which was added 2 pl of 10X reaction -

buffer (Taq polymerase, diethylnitropheny! thiophosphates, magne-

Table 2. Primer sequences for the reverse transcriptase—polymerase
chain reaction

Molecule Sequence (5'-3")

E-cadherin Sense TCC CAT CAG CTG CCC AGA AA
Antisense TGA CTC CTG TGT TCC TGT TA

Beta-1 Sense GTT ACA CGG CTG CTG GTG TT
integrin  Antisense CTA CTG CTG ACT TAG GGA TC
GAPDH  Sense GGC AGA GAT GAT GAC CCT TTT GGC

Antisense AAG GTG AAG GTC GGA GTC AAC G

GAPDH, glyceraldehyde phosphate dehydrogenase

Fig. 1. A Pho B Hematoxylin
and eosin staining of an implanted cecal tumor. The implanted cecal
tumor invaded to the mucosa from the serosa in 3 weeks.

sium chioride, SYBR Green; Roche Diagnostics), and 2 ul of cDNA.
Magnesium chloride and each oligonucleotide primer (Table 2) were
added to a final concentration of 4 mmol/l and 0.5 pmol/l, respectively.
Real-time PCR was performed with an initial denaturation step of 10
min at 95°C, followed by 40 cycles of 15 s at 95°C, 10 s at annealing
temperature (glyceraldehyde phosphate dehydrogenase 58°C; E-cadh-
erin, 60°C; beta-1 integrin, 60°C), and product length (bp)/25 s at
72°C. At the end of each cycle, the fluorescence emitted by the SYBR
Green was measured. The relative fluorescence of each messenger
RNA (mRNA) was normalized to the fluorescence of GAPDH for
semiquantification.
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Fig. 2. a The number of nodules of peritoneal dissemination. b Tumor
volume score of peritoneal dissemination. PP, preumoperitoneum
(*p < 0.05).

Table 3. Volume and weight of the cecal tumor

Laparotomy CO, PP Control p value
Volume (mm®) 890 + 416 744 4 341 752 £ 265 NS
Weight (mg) 985 + 435 923 + 435 903 + 229 NS

CO, PP, carbon dioxide pneumoperitoneum; NS, not significant

Statistical analysis

All data are expressed as the mean * standard deviation. Statistical
analysis was performed using the Mann—Whitney U test, and a p value
less thar 0.05 was considered statistically significant.

Results

We confirmed by histologic study that an implanted
cecal tumor in this model invaded from the serosal layer
to the mucosal layer in 3 weeks (Fig. 1a and b). After 3
weeks, peritoneal dissemination was identified macro-
scopically as a small nodule at the surface of the small
intestine.
A significantly larger number of peritoneal dissemi- "

nation nodules was observed in the laparotomy group

1797
1.2 1
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0.8 1
0.6

Relative intensity
S
N
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1.6

P
NS N
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0.4

Relative intensity

i 3 5

B Days after surgery

Fig. 3. Expression of E-cadherin (a) and beta-1 integrin (b) messenger
RNA (mRNA) in mouse tumor in the three groups, as measured by
real-time reverse transcriptase—polymerase chain reaction. The relative
expression of each mRNA is normalized to the expression of glycer-
aldehyde phosphate dehydrogenase for semiquantification. O lapa-
rotomy, @, CO, pneumoperitoneum, A control. (*p < 0.05

laparotomy.vs CO, pneumoperitoneum, fp < 0.05 laparotomy vs
control).”

(5.13 £ 12.33) than in the control group (2.87 + 2.90)
(p < 0.05) (Fig. 2a). The mean tumor volume score of
peritoneal dissemination was significantly higher in the
laparotomy group (6.53 + 3.42) than in either the CO,
pneumoperitoneum group (3.93 £ 13.04) or the control
group (3.20 + 1.82) (p < 0.05) (Fig. 2b). The volume
and weight of the cecal tumor did not differ significantly
among the three groups (Table 3).

The expressions of E-cadherin and beta-1 integrin
mRNA on days 1, 3, and 5 after surgery are shown in
Fig. 3. The expression of E-cadherin mRNA on day 5 in
the laparotomy group was significantly depressed as
compared with that in the CO, pneumoperitoneum and
control groups (Fig. 3a). The expression of beta-1 inte-
grin mRNA on each day did not differ significantly
among the three groups (Fig. 3b).

Discussion

In this study, we found that peritoneal dissemination
was more frequent after laparotomy than after CO,
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pneumoperitoneum in a nude mouse cecal implantation
model. Our findings suggest that the increased perito-
neal dissemination could result from the liberation of
cells from the primary tumor. Several studies have
demonstrated less impaired immunity after CO, pneu-
moperitorieum than after laparotomy [7]. Using nude
mice, Volz et al. [21] showed the morphologic changes of
mesothelial cells after surgical procedures, suggesting
the possibility that these morphologic effects did not
result from changed immunity by CO, pneumoperito-
neum. Therefore, a nude mouse model was used in our
study to clarify the direct effects of surgical procedures
on the adhesion molecules of cancer cells.

There are three steps in the formation of peritoneal
dissemination: liberation of cancer cells from the pri-
mary tumor, implantation to the peritoneum, and pro-
liferation in the implanted area. Although we found
several animal studies on the effect of CO, pneumo-
peritoneum on peritoneal implantation and prolifera-

tion [9, 16], no study was found that compared the

liberation of cancer cells from the primary tumor after
CO, pneumoperitoneum and after laparotomy. To
examine the peritoneal implantation and proliferation
after CO, pneumoperitoneum, an animal model with
injection of cancer cells into the peritoneal cavity often is
used [9, 16]. To study the liberation of cancer cells from
the primary tumor after CO, pneumoperitoneum, we
used the animal model with cecal cancer established
previously by Furukawa et al. [6]. Using this animal
model, cecal cancer with serosal invasion was identified
in all mice 3 weeks after implantation of a tumor piece,
and peritoneal dissemination also occurred in 42 of 45
mice 6 weeks after implantation.

The effect of CO, pneumoperitoneum on tumor
growth and peritoneal dissemination still is controver-
sial. Using a mouse model, Da Costa et al. [5] and
Gitzelmann et al. [7] showed that subcutaneous tumor
growth was greater after laparotomy than after CO,
pneumoperitoneum. Bouvy et al. [2] used a rat model to
show that tumor growth in the abdominal wall was
greater after laparotomy than after CO, pneumoperi-
toneum, Using a rat model, Gutt et al. [8] showed that
peritoneal tumor growth was greater after laparotomy
than after CO, pneumoperitoneum. However, using a
WAG rat model, Hubens et al. [10] found no significant
difference between peritoneal tumor growth after CO,
pneumoperitoneum and after laparotomy. In our study
using nude mice, the size and weight of the cecal tumor
in the CO, pneumoperitoneum group did not differ from
that in the laparotomy group. Further study is necessary
to clarify the factors influencing tumor growth after
laparotomy, such as growth factors and immunity.

Several studies have investigated the effects of CO,
pneumoperitoneum on port-site seeding and peritoneal
dissemination. Le Moine et al. [15] reported ‘that lapa-
roscopic cecal resection significantly increased the inci-
dence of a diffuse carcinomatosis, even when performed
for locally noninvasive tumors, and emphasized the risk
of increased peritoneal dissemination after laparoscopic
surgery from manipulation of cancer cells in surgical
procedures. Brundell et al. [3] and Texler et al. [20] also
demonstrated by in vitro and in vivo experiments that

instrumental manipulation, mechanical tumor cell
spillage, and local metabolism played the important role
in port-site seeding of cancer cells after CO, pneumo-
peritoneum. On the other hand, morphologic studies
with electron microscopy by Suematsu et al. [18] and
Volz et al. [21] showed that peritoneal mesothelial cells
were exfoliated and the basal membrane was exposed
soon after surgical procedures. These changes were more
intensive after laparotomy than after CO, pneumoperi-
toneum, suggesting that surgical procedures damage
adhesion molecules of mesothelial cells. It is possible
that adhesion molecules of cancer cells on the surface of
the tumor also may be affected by surgical procedures.
We showed in the current study that the tumor volume
score of peritoneal dissemination in the laparotomy
group was significantly higher than in either the CO,
pneumoperitoneum group or the control group, possibly
because of a decrease in E-cadherin cellular adhesion
molecules.

E-cadherin is known as a main adhesion molecule
for epithelial cell—cell interaction. Recent studies have
shown that deletion of E-cadherin contributes to
hematogenous metastasis and peritoneal dissemination
of a tumor [11, 13, 23]. In the current study, the
expression of E-cadherin mRNA was depressed on day
5 after laparotomy, as compared with the expression on
day 5 after CO, pnéumoperitoneum. Although the
quantity and function of E-cadherin protein in the tu-
mor were not measured in this study, the expression of
E-cadherin mRINA was shown to be decreased on day 5
after laparotomy, as compared with expression on day 5§
after CO, pneumoperitoneum. These data suppose the
possibility that decreased E-cadherin in a tumor after
laparotomy enables cancer cells to detach easily from
the primary tumor and implant into the peritoneum.

In conclusion, we observed more extensive perito-
neal dissemination after laparotomy than after CO,
pneumoperitoneum in a mouse model of cecal cancer
with serosal invasion. The decreased expression of E-
cadherin mRNA in tumors after laparotomy but not
after CO, pneumoperitoneum may be associated with
the increase in peritoneal dissemination. Clinically, the
long-term survival of patients who have undergone
laparoscopic surgery for colon cancer is not clear, but
our animal study suggests that laparoscopic surgery for
colon cancer with serosal invasion is acceptable in terms
of peritoneal dissemination.
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Abstract
Background: Liver metastasis is an important prognostic

factor in advanced colorectal cancer. Several studies.

have demonstrated that carbon dioxide (COj) pneu-
moperitonem enhances liver metastasis in an .animal
model. In the present study, we used scanning electron

rmcroscopy (SEM) to investigate morphological changes

in hepatic vascular endothelium after CO, pneumo-
peritoneum in a murine model. »
Methods: Thirty-three male BALB/c mice were ran-

domized to undergo pneumoperitoneum (CO,, air, -or

helium ), open laparotomy, and anesthesia alone. After
each procedure, the animals’ livers were excised at days
0, 1, and 3 and examined by SEM.

Results: In the CO, pneumoperitoneum group, we ob-
served rough surface and derangement of the hepatic
vascular endothelial cells and intercellular clefts on day
1. In the other groups, no major morphologic changes
were observed at any time.

Conclusions: Hepatic vascular endothelium changes
after CO, pneumoperitoneum. Such characteristic
changes may play an important role in estabhshmg liver
metastasis after CO, pneumoperitoneum.

Key words: Laparoscopic surgery — Pneumoperitone-
um — Carbon dioxide — Murine model — Scanning
electron microscopy — Colorectal cancer — Liver
metastasis

Laparoscopic surgery yields favorable short-term clini-
cal outcomes in the management of colorectal malig-
nancies. As a less invasive alternative to open surgery, it
has been shown to be technically feasible and to improve
patient comfort. There have been few reports, however,
on long-term outcomes.

Correspondence to: K. Izumi

‘Liver metastasis is the most important prognostic
factor in advanced colorectal cancer. Therefore, the ef-
fects of pneumoperitoneum on liver metastasis of colo-
rectal cancer have been a matter of cancer. Several
experimental studies ‘have shown that carbon dioxide
(CO,) pneumoperitoneum enhances liver metastasis [4-
7]. Carbon dioxide pneumoperitoneum causes a de-
crease in portal blood flow [13, 18,.19] and provides
favorable’ conditions for the adherence of free tumor
cells, which ‘can then spread into ‘the portal system, to
the hepatic vascular.endotheliun. However it is uncer-
tain whether morphological changes occur in the hepatic
vascular endothelium after surgical procedures such as
the CO, pneumoperitoneum or open laparotomy.

In the present study, we used a murine pneumo-
peritoneum model to investigate morphological changes
in hepatic vascular endothelium by scanning electron
microscopy (SEM).

Materials and methods

Animals

Thirty-three male BALB/c mice weighting 20-24 g and aged 6-8 weeks
were used in this study. All animals were kept under standard labo-
ratory conditions (temperature, 20-24°C; relative humidity, 50-60%;
12 h light/dark cycles) and given a standard laboratory dist with free
access to water and food. All experiments were performed under the
guidelines for animal experimentation of the Oita University Faculty
of Medicine.

Procedures

All surgical procedures were performed under general anesthesia in-
duced by diethyl ether inhalation. Thirty-three BALB/c mice were
divided into three operative groups; pneumoperitoneum, laparotomy,
and anesthesia only (control).

In the pneumoperitoneum group, nine mice underwent CO,
pneumoperitoneum at 8~10 mmHg for 60 min and were killed after
either Oh (n = 3),24h (n = 3), or 72h (n = 3). In addition, six mice
received an ajr or helium (» = 3 each) pneumoperitoneum at 8~10
mmHg for 60 min and were killed after 24 h. The procedure for
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