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Abstract: Malignant ascites changes the microenvironment of the peritoneal cavity and damages abdominal func-
tional host cells such as interstitial cells of Cajal (ICC), causing gastrointestinal dysfunction and poor prognosis.
Besides tumor cells, malignant ascites contains large numbers of lymphocytes and macrophagocytes. These inflam-
matory cells act as a ‘double arrow’ and it is not clear whether they cause injury to ICCs. Our study demonstrates
the presence of T lymphocytes in malignant ascites and shows that these cells may have a critical role in inducing
damage to ICC via Caspases and Fas/FasL. These inflammatory cells were contributory to gastric dysfunction in our

Gl tumor-induced ascites mouse models.
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Introduction

Malignant ascites is a fatal complication that
develops in advanced malignant abdominal
tumors [1]. Metastasis of tumors to the abdo-
men changes the internal environment of the
peritoneal cavity, possibly promoting continued
growth of tumor cells in ascites in the new
microenvironment [2, 3]. How these malignant
tumor cells in ascites affect intrinsic cells of
abdominal organs, such as functional cells
promoting small intestinal motility, is not well
understood. Furthermore, it remains uncertain
how the altered internal environment impacts
the function of these innate tissues and cells.
Our group previously demonstrated that gas-
tric cancer patients experiencing peritoneal
metastasis show symptoms of intestinal ob-
struction such as abdominal distension after
eating, intermittent abdominal pain, nausea,
and vomiting. Investigation in mouse models
of malignant peritoneal metastasis has provid-
ed evidence that a decrease in the number
or function of ICCs potentially contributes to

these motility and stagnation disorders [4].
Cancerous ascites in patients is often accom-
panied with clinical manifestations of gastroin-
testinal motility dysfunction which interferes
with their treatment. The cause of these symp-
toms, however, is unknown.

Previous studies have reported that the major
population of cells in malignant ascites consti-
tutes tumor cells, tumor-infiltrating lympho-
cytes, and tumor associated macrophages [5,
6]. The aim of this study was to determine
whether these cells negatively impact small
intestinal ICC, either directly or indirectly, there-
by causing gastrointestinal dysfunction.

Materials and methods

Ethics statement

Animals were treated in accordance with guide-
lines for animal experiments at National Cancer

Center of China. Study protocol was approved
by the Ethics Committee of Harbin Medical
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University (PermitNumber: HMUIRB20140022).
All surgery was performed under amobarbital
sodium anesthesia and efforts were made to
minimize animal suffering.

Reagents and antibodies

C57BL/6 mice were obtained from Liaoning
Biological Technology. Murine foregastric carci-
noma (MFC) cells were purchased from Type
Culture Collection of the Chinese Academy of
Sciences (Shanghai, China). Dulbecco’s Modifi-
ed Eagle’s medium (DMEM; Hyclone, USA) was
used. Monoclonal anti-mouse CD4, CDS8, c-kit,
Fas, FaslL, caspase-3, caspase-8, and cas-
pase-9 antibodies were obtained from Santa
Cruz Biotechnology (Dallas, TX). Fluorescein
isothyanate (FITC)-conjugated anti-CD4 and
phycoerythrin (PE)-conjugated anti-CD8 were
purchased from Biolegend (San Diego, CA). The
terminal deoxynucleotidyl transferase-mediat-
ed dUTP nick-end labeling (TUNEL) Apoptosis
Assay Kit and First Strand cDNA Synthesis Kit
were purchased from Roche Diagnostics. SYBR
Premix Ex Taq (perfect real time) was purchased
from Takara (Mountain View, CA).

Cell culture

MFC cells were grown in Dulbecco’s Modified
Eagle’s medium (DMEM; Hyclone, USA) and
supplemented with 10% fetal bovine serum,
100 U/ml penicillin, and 100 mg/ml streptomy-
cin sulfate at 37°C in a 5% CO,, incubator.

Animal models

Seventy male C57BL/6 mice (4-6 weeks old,
18-20 g) were housed at room temperature
(RT, 25°C) with a 12 hour light/dark cycle. Food
and water were provided ad libitum. Mice
were divided into four groups; three groups of
mice, each containing 20 mice, were used to
develop peritoneal metastasis model and were
sacrificed at 14, 21, or 28 days post-peritoneal
tumor inoculation. For these groups of mice,
the abdomen was sterilized using iodophor
and mice were injected with 1x10°® MFC cells in
0.2 mL, intraperitoneally. Ten mice, injected
with physiological saline (0.9% NaCl) at the
same volume, served as control group.

Flow cytometry analysis

Cells from ascitic fluid were adjusted to 1x10%/
mL and washed twice with fluorescence acti-
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vated cell sorting (FACS) buffer (PBS, 2% bovine
serum albumin and 0.1% NaN3). The cells were
subsequently incubated with FITC-anti-CD4
and PE-anti-CD8 antibodies in the dark for 30
minutes on ice. They were then incubated with
Red Blood Cell Lysis Buffer (Beyotime, China)
for 20 minutes. After washing 3 more times,
labeled cells were fixed with 1% formaldehyde
solution and proportion of CD4/CD8 in ascites
was analyzed using flow cytometry.

Enzyme-linked immunosorbent assay (ELISA)

Antibody solutions specific for CD4, CD8, Fas,
FasL, caspase-3, caspase-8, and caspase-9
were diluted 1:1000 and individually conjugat-
ed to the flat bottom of a 96-well plate by incu-
bation at 4°C overnight. Plates were washed
thrice with phosphate buffered saline-tween
(PBS-T) followed by blocking with 1% BSA for 1
hour at room temperature (RT). After washing
three times in TBS-T, protein marker and asci-
tes fluid (diluted 1:10) were added to each test
well and control. After one hour of incubation at
37°C, ascites was removed and wells were
washed with PBS-T and then incubated with
HRP-conjugated goat anti-mouse IgG diluted in
PBS-T at 37°C for 1 hour. Tetramethylbenzidine
(TMB) substrate solution was added to each
well and incubated in the dark at RT for 15 min-
utes. The reaction was terminated with sulph-
uric acid. Substrate and conjugate controls
were included in each plate. Optical density
(OD) values were read in a Multiskan ELISA
reader (Bio-Rad, Tokyo, Japan) with a 450 nm
reference filter.

Myoelectrical activity

Mice were anesthetized with amobarbital
sodium and the abdomen was opened with a
midline longitudinal incision approximately 2
cm in length. Two bipolar platinum electrodes
were placed on the lumen with an interval of 1
cm along the long axis direction of the anti-
mesenteric border. Intestinal myoelectrical
activity was recorded using a multichannel re-
corder (model RM6240B; Chengdu Instrument
Factory) for 20 minutes. The amplifier was set
at a cutoff frequency of 30 Hz.

Hematoxylin and eosin (HE)

Mice were sacrificed by disruption of the cervi-
cal spine. A fragment of intact proximal intes-
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Table 1. Sequences of primers used in real-time PCR

amplifications

(1:200; Vector). A fluorescence microsco-
pe (Nikon 800, Japan) was used to detect

immunofluorescence reaction products.

Gene Primer sequence
B-actin 5’-GTC CAC CCG CGA GCA CAG CTT CTT-3’ F
5’-CTT TGC ACA TGC CGG AGC CGT TGT-3’ R
Cb4 5’-AAG TCT CGA GCC CTC ATATACACACA-3" F
5’-CTC GGC ACATGG TGG TCT CCTTGAGC-3' R
Ccb8s 5’-GTC CGT TTC GCA AGG ATG CT-3’ F
5’-CCT TCC TGT CTG ACT AGC GG-3 R
Fas 5’-GCT GCA GAC ATG CTG TGG ATC-3’ F
5’-TCA CAG CCA GGA GAA TCG CAG-3’ R
FasL 5’-TCC AGG GTG GGT CTA CTT ACT AC-3’ F
5’-CCC TCT TAC TTC TCC GTT AGG A-3’ R
Caspase-3 5-TGG GCC TGA AAT ACC AAG TC-3’ F
5’-AAA TGA CCC CTT CAT CAC CA-3’ R
Caspase-8 5’-GGC CTC CAT CTA TGA CCT GA-3’ F
5’-GTG TGG TTC TGT TGC TCG AA-3’ R
Caspase-9 5’-GCC AGA GGT TCT CAG ACC AG-3’ F
R

5’-TCC CTG GAA CAC AGA CAT CA-3’

TUNEL detection

Endogenous peroxidase was inactivated
by 3% H,0, for 10 minutes at room tem-
perature and then washed three times
with PBS. Sections were permeabilized
with 0.1% Triton X-100 for 2 minutes on
ice followed by TUNEL for 1 hour at 37°C,
then washed three times with PBS. FITC-
labeled TUNEL-positive cells were imaged
under a fluorescent microscope using 488
nm excitation and 530 nm emission. Cells
with green fluorescence were defined as
apoptotic cells.

Quantitative real time-PCR

F: forward, R: reverse.

tine (approximately 1 cm) was excised and
rinsed with ice-cold PBS. Specimens were fixed
in 4% paraformaldehyde (PFA) for 24 hours,
dehydrated with an ethanol gradient, cleared in
xylene, and embedded in paraffin. Tissue sec-
tions (thickness, 4 pm) were stained with
Hematoxylin and Eosin (HE) and studied using
light microscopy.

Electron microscopy

Fragments of intact proximal intestine were
fixed with 3% glutaraldehyde for 2 hours at
room temperature. After being rinsed in fresh
PBS, tissues were fixed in 1% osmium tetroxide
for 2 hours at 4°C. Samples were then rinsed
with distilled water thrice for 5 minutes, dehy-
drated in graded ethanol and propylene oxide,
and embedded in Araldite. Ultrathin sections
were cut with a Reichert ultramicrotome, dou-
ble-stained with uranyl acetate and lead citrate,
and observed with a JEM1200 EX Il electron
microscope.

Fluorescence immunocytochemistry

A fragment of intestine was sectioned at 4 ym
thickness and washed three times in PBS.
Materials were incubated with c-kit antibodies
(1:30; Santa Cruz Biotechnology, CA, sc-168) at
4°C overnight. After washing, the tissue was
incubated for an additional 1 hour at 37°C
with fluorescein isothiocyanate anti-rabbit 1gG
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Tissues were extracted with TRIzol Reagent

(Invitrogen), according to manufacturer
protocol. RNA concentration was determined
by reading absorbance at 260/280 nm ratio
ranging from 1.8 to 2.0. To synthesize first
strand cDNA, 1.5 ug of the total RNA template
was reverse transcribed with AMV-RTase (1st
Strand cDNA Synthesis Kit for RT-PCR; Roche).
After reverse transcription reaction, the reac-
tion mixture was amplified by quantitative PCR
using Light Cycler DNA Master SYBR Green | Kit
(Takara, Mountain View, CA) with the gene-spe-
cific primers. PCR amplification was carried out
at: 95°C for 30 s; followed by 30 cycles -95°C
for30s,60°Cfor40s, 72°C for 30 s, and final-
ly 60°C for 5 minutes. For relative comparison
of mMRNA expression levels, data from real-time
PCR was analyzed with a®**Ct method. Primer
sequences used are shown in Table 1.

Western blot analysis

Small intestine samples were lysed in RIPA
buffer (Beyotime, China). Protein concentration
in the supernatant was measured with a BCA
protein assay kit (Beyotime, China). An equal
amount of the protein was separated by SDS-
PAGE and transferred to nitrocellulose mem-
branes (Amersham Biosciences). Membranes
were blocked in 5% nonfat milk in Tris-buffered
saline (TBS) for 1 hour and then incubated
overnight with anti-c-Kit, anti-CD4 (1:200 dilu-
tion, rabbit polyclone, Santa Cruz Technologies),
anti-CD8 (Abbiotec) or anti-B-actin antibody
(eBioscience; diluted 1:10,000). After several

Int J Clin Exp Pathol 2018;11(4):2201-2213
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Figure 1. Mouse ascites model and flow cytometry analysis of CD4 and CDS8. A: (a1, 2) Microscopic images of MFC
after 6 days in culture at low (a1, 200x%) and high (a2, 400x) magnification. B: (b1) Ascites model given intraperito-
neal injection of MFC for 14 days. The left mouse represents the ascites model and the right mouse is the control.
(b2) Ascetic fluid from the 14-day model. C: The OD values of CD4 and CD8 in the 14-day, 21-day, and 28-day groups
detected using ELISA. D: Representative figures of the flow cytometric analyses of CD4* and CD8* T lymphocytes. E:
Percentages of CD4*CD8* T lymphocytes in the 14-day, 21-day, and 28-day groups. Bars represent the mean + SD
(n=8). (e1) The percentage of CD4* T cells was significantly higher in the 28-day ascites group. (e2) The percentage
of CD8* T cells was increased in all three ascites model groups and there was no significant difference between
them (*P<0.05, **P<0.01).

washes, the blot was incubated with horserad- ies (1:7000) for 1 hour at 37°C. Membranes
ish peroxidase-conjugated secondary antibod- were detected with the enhanced chemilumi-
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Figure 2. Expression of CD4 and CDS8 in the intestine. A, B: mMRNA levels of CD4 and CD8 were quantified using real-
time PCR in intestines of mice from 14, 21, and 28-day groups. C, D: Western blot analysis showed protein expres-
sion levels of CD4, CD8, and B-actin. Data were obtained from three independent experiments and expressed as
mean = SD. n=3. *P, 0.05 versus the control group. *P<0.05, **P<0.01.

nescence system, according to manufacturer
instructions (electrogenerated chemilumines-
cence, American Pharmacia).

Statistical analysis

ANOVA analysis was used to determine the
statistical significance of differences between
samples. Data are presented as mean + SEM.
All statistical tests were two-sided and P value
<0.05 and P<0.01 indicated an extremely sig-
nificant difference.

Results
Ascites mouse model

Light microscopy showed actively growing
adherent MFC cells in vitro, compactly arranged
in contact with each other (Figure 1A). Mice
injected with MFC cells showed formation of
ascites at 14 days which continued to develop
until 28 days. The ascites was collected and
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centrifuged to obtain the supernatant (Figure
1B).

Activated CD4* T and CD8"* T cells are present
in ascites fluid

We evaluated expression of CD4 and CD8 mol-
ecules on T lymphocytes by ELISA and flow
cytometry. ELISA showed a significant increase
(P<0.01) of both CD4 and CD8 expression in
malignant ascites fluid obtained from mice
injected with MFC cells, compared to control
group’s ascitic fluid. Interestingly, OD values of
CD4 in the 28-day group were obviously higher
than those in the other two groups (P<0.01,
Figure 1C). A representative analysis of lympho-
cyte subset population by flow cytometry is
shown in Figure 1D. Fluorescence activated
cell sorting (FACS) analysis of 7-, 14-, and
21-day malignant ascitic fluid showed enriched
populations of CD4* T lymphocytes with up to

Int J Clin Exp Pathol 2018;11(4):2201-2213
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Figure 3. Representative photomicrographs of pathological features in intestine. A: The results of electrophysiology
analysis of the small intestine of model mice showed weakened peristalsis, decreased amplitude, and reduced
frequency compared with the control group, with the model 28-day group showing especially notable decreases. B.
b1: The small intestines of the control group had intact villiand the muscularis was of uniform thickness (HEx200).
b2: As observed, intestinal villi were not completely intact; submucosa and muscularis showed evidence of edema
in the 14-day group mice (HEx200). b3: Small intestines of the 21-day group mice exhibited edematous villi and
thinning or uneven thickness of muscle layers (HEx200). b4: Small intestinal muscularis was observed to be thinner
and villi were detached in mice in the 28-day group (HEx200). C. Ultrastructural changes of ICC. c1: In control mice
intestines, the nucleus was located as expected in the cytoplasm of ICC, organelles were maintained in the cyto-
plasm, and close contacts were formed with cells adjacent to ICC (EMx6000). c2: ICC in the small intestines of the
14-day group showed initiation of pyknosis, significant decreases in cytoplasmic processes, and loss of contact with
surrounding cells (EMx5000). ¢3: The ICC of the small intestines of the 21-day group showed pyknosis, swollen mi-
tochondria, and partial or complete vacuolation of the varicosity content (EMx5000). c¢4: ICC in the small intestine
of the 28-day group showed additional severe degeneration, such as clear pyknosis and depletion of cytoplasmic
processes (EMx5000).

1.6% in the 28-day group mice, significantly cells increased in malignant ascites in a time-
higher than those in the other two groups dependent manner. However, no significant dif-
(P<0.05). This was in accordance with ELISA ference of CD8* T lymphocyte population was
results. This shows that the number of CD4* T observed between the three groups.

2206 Int J Clin Exp Pathol 2018;11(4):2201-2213
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Figure 4. Expression of c-kit in intestines. A: In the control group, c-kit expression formed a thick line in control
intestinal muscular layers when visualized using immunofluorescence (arrows) x400. As seen, expression of c-kit
was rod or decreased, showing discontinuous patterning in the 14-day group (arrows) x400. Expression of c-kit
observed as spots and fluorescence intensity is attenuated in the 21-day group (arrows) x400. Expression of c-kit
also showed as spots and attenuated fluorescence intensity in the 28-day group (arrows) x400. B: mRNA levels of
c-kit quantified using real-time PCR in intestine of model mice at 14, 21, and 28 days after injection of tumor cells or
saline (n=8). C: Western blot analysis was performed to assess expression of c-kit and -actin. Data were obtained
from three independent experiments and expressed as mean * SD. n=3. For comparison with the control group,
*P<0.05, **P<0.01.

Expression profiles of CD4 and CDS8 in intesti- MRNA expression levels of CD4 and CD8 on T
nal tissues lymphocytes were measured in 14, 21, and

28-day group mice. mRNA levels of CD4 were
To determine how the host adaptive immune clearly increased compared with corresponding
system reacts to malignant ascites in vivo, control group (n=8, P<0.05). mRNA levels
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Figure 5. Apoptosis in intestines detected using TUNEL assays. A: The tis-
sues were TdT-UTP nick end labeled and imaged via fluorescence micro-
scope (IFx200). B: TUNEL-positive cells are represented by the number of
green points in each photograph. All values are denoted as the mean + SEM
from eight independent photographs for each group. n=6. *P<0.05.

remained on an upward trend until the 28-
day group, which showed significantly higher
levels than other groups (n=8, P<0.01, Figure
2A). Moreover, mRNA levels of CD8 were sig-
nificantly increased in all ascites models (n=8,
P<0.01) and there were no statistically signifi-
cant differences between the groups (Figure
2B). Western blot analysis (Figure 2C) showed
that CD4 protein in intestinal tissues from the
14, 21, and 28-day group was significantly
higher than controls (0.54+0.03, 0.6+0.02
and 0.82+0.06 vs 0.37+0.01 respectively, all
P<0.01). Also, expression of CD4 was seen to
increase with time (28 days >21 days >14
days), post-inoculation. Western blot results
for CD8 were in accordance with real time
PCR results. Compared to control group (0.30+
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0.03), CD8 expression was
significantly decreased in 14-
day group (0.56+0.04), 21-day
group (0.594£0.02), and 28-
day group (0.52+0.14, all P<
0.01) (Figure 2D).

Morphological analysis

The frequency of peristalsis
and amplitude in malignant
ascites groups had decreas-
ed compared to the control
group. The 28-day group sho-
wed particularly reduced val-
ues (Figure 3A). In the control
group, small intestine epith-
elium microvilli were neatly
arranged, glands of lamina
propria maintained their integ-
rity, and muscularis propria
thickness was uniform (Figure
3b1). HE staining of the small
intestine from peritoneal me-
tastasis model mice showed
swelling, decrease in villus
height, and increased thick-
ness in muscle layers of the
proximal bowel (Figure 3b2-
b4). Electron microscopy of
the intestines of control mice
showed the nucleus in cyto-
plasm of the interstitial cells
of Cajal (ICC), as expected
for healthy cells. An abun-
dance of functional cytoplas-
mic processes and close con-
nections between neighboring
cells were visible (Figure 3cl1). However, early
stages of ascites formation was accompanied
by vacuolation in ICC, a decrease in volume
(Figure 3c2), and most ICC had lost synapse-
like connections with surrounding cells. Cell
content was partially depleted and pyknosis
was frequently observed within cell bodies
(Figure 3c3, 3c4).

Changes in c-kit levels

Immunofluorescence assays revealed a strip
of c-kit expression in the control mice inte-
stinal muscular layer. Expression of c-kit was
decreased or attenuated in all three ascites
model groups over time, appearing as a dotted
or grainy structure in the 14 and 21-day group
mice. c-kit immunoreactivity was significantly

Int J Clin Exp Pathol 2018;11(4):2201-2213
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ments of MRNA expression of caspase-8, caspase-9, and caspase-3 in 14-, 21-, and 28-day model groups. The
mMRNA levels of caspase-8, caspase-9, and caspase-3 were significantly higher than those in the control group. n=8,

*P<0.05, **P<0.01.

weakened in the 28-day group (Figure 4A). c-kit
MRNA levels in malignant ascites from 14-
days group mice, measured by real-time PCR,
showed a significant decrease in expression
compared to the control group. This decrease
in c-kit MRNA expression in the ascites further
decreased towards 21- and 28-day group mice
(Figure 4B). Western blot analysis also showed
a similar decrease in c-kit expression in malig-
nant ascites, compared to control group. Com-
pared with the control group (0.72+0.006), c-kit
expression was significantly decreased in 14-
day group (0.58+0.05), 21-day group (0.37+
0.04), and 28-day group (0.30+0.05, all
P<0.01) (Figure 4C).

TUNEL assay of apoptosis

Apoptosis was detected using TUNEL assay.
Few TUNEL-positive cells were observed in the
small intestinal mucosal muscularis of control
group mice. TUNEL-positive cells of 14-day
group (5.37%+0.92) showed slightly higher lev-
els than the control group (4.3%+0.68) but the
difference was not statistically significant
(Figure 5A). There was, however, a significant
increase in number of TUNEL-positive cells in
the 21 (13.49%+0.81) and 28-day groups
(15.17%+0.64) compared to the control group
(4.3%+0.68, Figure 5A). No significant differ-
ence was observed between these two groups
(Figure 5B).

2209

Expression profiles of caspase-8, caspase-9,
and caspase-3

ELISA analysis revealed that OD values for cas-
pase-8, caspase-9, and caspase-3 in ascites
mouse model groups showed statistically sig-
nificant increases relative to the control group
(P<0.01, Figure 6A-C). Real-time PCR showed
that levels of caspase-8, caspase-9, and cas-
pase-3 mRNA were elevated, relative to the
control group, and increased as the days of
ascites formation increased. mRNA levels of
caspase-8, caspase-9, caspase-3 were incre-
ased in the 14-day (P<0.05) and more signifi-
cantly in 21- and 28-day ascites group mice
compared to control (P<0.01, Figure 6D-F).

Expression profile of Fas and FasL

Levels of Fas and FasL were determined using
ELISA. As shown in Figure 7, OD values in asci-
tes model groups were clearly higher than in
the control (P<0.01, Figure 7A, 7B). Further-
more, we detected that Fas and FasL mRNA lev-
els were significantly increased compared to
control group (Figure 7C, 7D).

Discussion
Ascites contains a rich tumor-friendly microen-
vironment that not only promotes tumor growth

but also causes changes in organs and impor-

Int J Clin Exp Pathol 2018;11(4):2201-2213
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Figure 7. Expression profiles of Fas and FasL. A, B: OD values of Fas and FasL were significantly increased in all
model groups. C, D: mRNA expression of Fas and FasL were quantified using real-time PCR in the intestines of all
three model groups. mMRNA levels of Fas and FasL in model groups were significantly higher than in the control
group. There were no statistically significant differences between levels in the model groups. n=8, **P<0.01.

tant functional cells of the peritoneal cavity
[7, 8]. Interstitial cells of Cajal (ICCs) are pace-
maker cells responsible for initiating slow-wave
activity in Gl muscles and mediation of neural
input to smooth muscle cells [9, 10]. Patients
diagnosed with peritoneal metastasis or asci-
tes formation show intestinal obstruction symp-
toms such as abdominal swelling, intermittent
abdominal pain, nausea, vomiting, and flatu-
lence. Ascites increases patient morbidity and
causes a reduction in quality of life.

The pathogenic mechanism by which peritone-
al metastasis and malignant ascites causes
gastrointestinal (GI) motor disorders has re-
mained unclear. In previous studies, we devel-
oped a peritoneal metastasis mouse model of
gastric cancer, involving intraperitoneal injec-
tion of mice with gastric cancer cells, to study
causes of Gl motor disorders. In these mouse
models, we observed that amplitude and fre-
quency of intestinal slow waves had signifi-
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cantly decreased. Light microscopy showed
that the small intestinal musculature became
thinner and was infiltrated with inflammatory
cells. Ultrastructural injury of ICC could be ob-
served such as decreased cell size, decreased
or absent synapse-like contacts, numerous
myeloid bodies, and inflammatory infiltrate
that included macrophages and lymphocytes.
Synapse-like connections between smooth
muscle cells and enteric nerves were lost and
cellular contents were partially depleted. Gl
dysfunction induced by peritoneal metastasis
of gastric cancer was associated with abnor-
malities such as depletion in cell numbers,
apoptosis, pyknosis, and atypical electrophysi-
ological activity. We hypothesized that ICC
abnormalities form the primary basis of gastro-
intestinal motility dysfunction in this setting [4].

Tissue microarray analysis of malignant ascites

showed increased presence of tumor-infiltrat-
ing lymphocytes (TILs) and TAMs [11]. These
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TILs constituted CD3*, CD4*, and CD8* lympho-
cytes [12-14]. Microarray analysis of tumor
tissues revealed that inflammatory cells and
cytokines may play an important role in devel-
opment and progression of tumors, regulation
of angiogenesis and lymphangiogenesis, sup-
pression of the immune response, regulation
of extracellular matrix changes, and interac-
tions between stem cells [15, 16]. These
inflammatory cells may also play a significant
role in functions of abdominal cells, particularly
regarding intestinal ICC injury which causes
symptoms such as abdominal pain, abdominal
distension, intestinal obstruction, and others.
These effects may form part of the pathological
basis for dysfunctional gastrointestinal motility
in patients with advanced gastric cancer. In
addition to tumor cells, we observed a signifi-
cant population of CD4* and CD8" T lympho-
cytes in our malignant ascites model. The rela-
tionship between T lymphocytes, gastrointesti-
nal dysfunction, and ICC injury is an important
unanswered question.

Apoptosis is a tightly integrated, active, and
orderly process that maintains a stable cellular
environment and is under the control of a vari-
ety of important genes. It is an active cellular
self-sacrifice mechanism induced to allow bet-
ter adaptation to the environment. Fas/FasL is
one of the most important mechanisms of cell
apoptosis. The Fas/FasL system gives priority
to membrane receptor death pathways, which
play an important role in cell apoptosis. Fas
ligand (FasL) belongs to the tumor necrosis fac-
tor (TNF) family and induces apoptosis by bind-
ing with Fas (CD95/AP0O-1) receptor-positive
cells [17-19]. We reported, here, that gastroin-
testinal dysfunction caused by malignant asci-
tes may be caused by tumor-infiltrating lympho-
cytes in ascitic fluid, likely by affecting function-
al host cells, such as ICC. High levels of cas-
pases 8, 9, 3, and Fas/FasL signaling may
play an important role in primary regulation of
lymphocytic responses to malignant ascites.
Previous studies have shown that nerve cells
were easily invaded with tumor infiltrating lym-
phocytes. Occurrence of nervous tissue infiltra-
tion was closely related to presence of CD4",
CD8*, and Fas* tumor-infiltrative lymphocyte
subtypes. However, the depth of tissue infiltra-
tion was correlated with a reduction in number
of CD4* T cells and an increase of percentage
of CD8/Fas cells [20, 21].
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The tumor inflammatory microenvironment is a
complicated network due to the large quanti-
ties of cytokines as well as inflammatory cells
and factors [22]. This complex inflammatory
network can influence host cells directly or
indirectly by endocrine, exocrine, and paracrine
signaling. Tumor-infiltrating lymphocytes and
tumor-associated macrophages are important
messengers between the inflammatory micro-
environment and tumor progression. These
messengers enhance neo-angiogenesis and
tune the inflammatory response, adaptive
immunity, extracellular matrix remodeling, and
immunosuppressive action [23-25]. Impairment
of intraperitoneal functional cells due to tumor
microenvironments, especially damage to ICCs,
likely contributes to gastric dysfunction in our
Gl tumor-induced ascites mouse models.

In conclusion, onset and progression of malig-
nant ascites is associated with advanced gas-
trointestinal cancer and leads to poor progno-
sis and a significant reduction in quality of life.
Unfortunately, there are no accepted guidelines
for management of this condition. Survival time
of patients is shortened by complications intro-
duced by the decrease or stagnation of gastro-
intestinal peristalsis. Here, we report that injury
of intestinal ICC, caused by tumor infiltrating
lymphocytes in abdominal fluids, is a likely con-
tributor to these symptoms. These findings sug-
gest the need for an adapted therapy at early
stages of ascites formation which may alleviate
complications and improve quality of life in
patients with ascites-associated gastrointesti-
nal cancers.
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