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Therefore, in the present study we investigated the rela-
tionships between various fat parameters, including VFA,
and early surgical outcomes following gastrectomy to clarify
the most appropriate fat parameter to predict the develop-
ment of pancreas-related infection and anastomotic leakage.

Methods
Patients

Between April 2008 and March 2009, a total of 217
patients underwent open distal or total gastrectomy with
curative intent for primary gastric cancer at Shizuoka
Cancer Center, Shizuoka, Japan. Patients who underwent
splenectomy, distal pancreatic resection, and cholecystec-
tomy were included in the study, whereas seven patients
who underwent combined resection of other organs (liver,
colon, and adrenal gland) and four patients who had syn-
chronous cancer in other organs (colon, rectum, and kid-
ney) were excluded from the study. Therefore, data from
206 patients were analyzed in the present study.

Lymph node station number, the degree of lymph node
dissection, and pathological stage were determined on the
basis of the Japanese classification of gastric carcinoma[15]
and the Gastric cancer treatment guidelines in Japan [16].
Gastrectomy with D2 lymph node dissection was performed
in patients with advanced gastric cancer, whereas D1 plus
beta lymph node dissection (i.e., D1 + numbers 7, 8a, 9) was
performed in patients with early gastric cancer.

Fat measurement

Multidetector computed tomography (MDCT) was performed
in all patients prior to surgery. Patients were examined while
in the supine position, with their arms stretched above their
heads, at the end of inspiration, using a CT scanner (Aquilion;
Toshiba Medical Systems, Tokyo, Japan). Parameters for
scanning were: tube voltage; 120 kVp; scan time, 0.5 s; and
reconstruction slice thickness, 2 mm. The tube current was
determined automatically by the CT automatic exposure
control system. The images obtained were transferred to a
Ziostation workstation (Ziosoft, Tokyo, Japan), which was
used to quantify the total fat area (TFA), subcutaneous fat area
(SFA), and VFA at the level of the umbilicus. In the present
study, relationships between early surgical outcomes follow-
ing gastrectomy and TFA, VFA, SFA, and BMLI, as the fat
parameters, were investigated.

Definition of early surgical outcomes

Operating time, intraoperative blood loss, the number of
lymph nodes retrieved, postoperative morbidity and

mortality, and the duration of the postoperative hospital
stay were investigated as early surgical outcomes.

Patients with Grade II or greater complications based on
the Clavien-Dindo classification were defined as having
postoperative morbidity [17]. In the present study, pan-
creas-related infection was diagnosed on the basis of the
definitions of the International Study Group on Pancreatic
Fistula (ISGPF) [18]. Diagnosis of anastomotic leakage
was confirmed by radiological examination using contrast
media. Postoperative mortality was defined as any death
within 30 postoperative days (PODs).

Statistical analysis

Spearman’s rank correlation coefficient was used to eval-
uate relationships between individual fat parameters (BMI,
TFA, SFA, and VFA) and early surgical outcomes (oper-
ating time, intraoperative blood loss, number of lymph
nodes retrieved, postoperative hospital stay). Relationships
between individual fat parameters and the categorical
variables of pancreas-related infection and anastomotic
leakage were evaluated using logistic regression.

To identify independent risk factors for each of the
intra-abdominal infectious complications, a multivariate
logistic regression model with forward selection was used,
with BMI, TFA, SFA, VFA, age, sex, operating time,
intraoperative blood loss, number of lymph nodes
retrieved, surgical procedure (total or distal gastrectomy),
type of lymph node dissection (D2 or D1 plus beta), and
splenectomy (yes or no) included as covariates.

All statistical analyses were performed using SPSS
version 13.0 (SPSS, Chicago, IL, USA). All continuous
data are presented as medians (ranges). P < 0.05 was
considered significant.

Results
Patients’ characteristics

The patients’ characteristics are given in Table 1. Total
gastrectomy was performed in 48 patients, 29 of whom also
underwent splenectomy for the removal of splenic hilar
lymph nodes. Additional pancreatosplenectomy was per-
formed in 2 of the 48 patients. The remaining 158 patients
underwent distal gastrectomy. D2 lymph node dissection
was performed in 111 patients, whereas 95 patients
underwent D1 plus beta lymph node dissection.

Table 2 lists the early surgical outcomes of all patients.
Postoperative complications were observed in 55 patients
(26.7%). The incidence of pancreas-related infection and
anastomotic leakage was 8.7% and 4.9%, respectively.
Five patients had both pancreas-related infection and
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Table 1 Clinocopathological characteristics of patients

Age (years)

Sex (male/female)

Diabetes mellitus (n)

Individual fat parameter
BMI (kg/m?)

TFA (cm?)
SFA (cm?)
VFA (cm?)

Surgical procedure (n)
Total gastrectomy
Distal gastrectomy

Lymph node dissection (1)
D2
D1 plus beta

Splenectomy (n)

Yes
No

Pathological stage (n)
1A
1B
I
A
1IB
v

65.9 (39-89)
146/60
17

23 (16.0-32.3)
198 (6.9-505.8)
107.4 (3.0-266.9)
90.5 (3.6-262.5)

48
158

111
95

29
177

88
48
44
15
9
2

Unless indicated otherwise, values are means, with ranges given in

parentheses

BMI body mass index, TFA total fat area, SFA subcutaneous fat area,

VFA visceral fat area

Table 2 Early surgical outcomes of 206 patients

Operating time (min)
Intraoperative blood loss (mL)
No. of lymph nodes retrieved
Postoperative complications
Pancreas-related infection
Anastomotic leakage
Postoperative hospital deaths
Duration of postoperative hospital stay (days)

194 (103-489)
265 (13-2606)
37 (8-109)

55 (26.7%)

18 (8.7%)

10 (4.9%)

1 (0.5%)

11 (7-87)

Values are presented as either median with ranges in parentheses or as
the number of patients in each group, with percentages in parentheses

anastomotic leakage. Both of the two patients who under-
went distal pancreatectomy had pancreas-related infection.
Postoperative mortality was observed in one patient
(0.5%). This patient had undergone distal gastrectomy with
D2 lymph node dissection, and anastomotic leakage
developed on POD 7. This patient died suddenly on POD 9
due to a pulmonary embolism.
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Fig. 1 Correlations between a superficial fat area (SFA) and body
mass index (BMI); R = 0.672, P < 0.001, b visceral fat area (VFA)
and BMI; R = 0.683, P < 0.001, and ¢ SFA and VFA; R = 0.555,
P < 0.001. Significant associations were observed for all comparisons

Relationships between fat parameters and early surgical
outcomes

Figure 1 shows the correlations between SFA, VFA, and
BMILI. Significant correlations were found between SFA and
both BMI and VFA, as well as between VFA and BML
Correlation coefficients for each of the fat parameters and
operating time, intraoperative blood loss, number of lymph
nodes retrieved, and postoperative hospital stay are given
in Table 3. Although VFA was weakly associated with
prolonged operating time (correlation coefficient 0.304)
and increased intraoperative blood loss (correlation coef-
ficient 0.371), no significant relationships were observed
for any of the fat parameters and operation time,
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Table 3 Relationship between fat parameters and early surgical outcome data

Intraoperative blood loss Operating time

No. of lymph nodes retrieved Postoperative hospital stay

BMI 0.295 (<0.001) 0.235 (0.001)
TFA 0.322 (<0.001) 0.250 (<0.001)
SFA 0.199 (0.004) 0.153 (0.028)
VFA 0.371 (<0.001) 0.304 (<0.001)

—0.196 (0.005)
—0.134 (0.055)
—0.022 (0.756)
—0.197 (0.005)

0.011 (0.872)
0.103 (0.139)
0.025 (0.726)
0.155 (0.026)

Values are the correlation coefficients, with P values given in parentheses

BMI body mass index, TFA total fat area, SFA subcutaneous fat area, VFA visceral fat area

Table 4 Identification of risk factors for the development of pancreas-related infection and anastomotic leakage, determined using univariate

analysis

Pancreas-related infection Anastomotic leakagev

Odds ratio 95% Cl P Odds ratio 95% Cl P
BMI (kg/mz) 1.318 1.121-1.548 0.001 1.156 0.946-1.411 0.156
TFA (cm?) [.009 1.004-1.014 0.001 1.003 0.997-1.009 0.291
SFA (cm?) 1.008 1.001-1.016 0.035 0.999 0.987-1.010 0.802
VFA (cm?) 1.016 1.008-1.025 0.001 1.010 1.000-1.021 0.042
Age (years) 0.978 0.934-1.023 0.332 0.997 0.937-1.061 0.923
Sex (male or female) 2.335 0.655-8.323 0.191 1.681 0.346-8.158 0.519
Intraoperative blood loss (mL) 1.002 1.001-1.003 0.001 1.001 1.000-1.002 0.227
Operating time (min) 1.010 1.003-1.018 0.007 1.006 0.996-1.016 0.234
No. of lymph nodes retrieved 0.987 0.954-1.021 0.458 0.961 0.912-1.012 0.133
Surgical procedure (total or distal) 5.574 2.094-14.841 0.001 2.303 0.622-8.526 0.212
Lymph node dissection (D2 or D1) 3.555 1.137-11.110 0.029 1.300 0.356-4.751 0.692
Splenectomy (yes or no) 7.515 2.729-20.694 0.001 0.667 0.081-5.468 0.706

CI confidence interval, BMI body mass index, TFA total fat area, SFA subcutaneous fat area, VFA visceral fat area

intraoperative blood loss, the number of lymph nodes
retrieved, or the duration of the postoperative hospital stay.

Risk factors for intra-abdominal infectious
complications

Tables 4 and 5 list the results of univariate and multivariate
analyses used to identify risk factors for intra-abdominal
infectious complications. On the basis of the univariate
analysis, all fat parameters, operating time, intraoperative
blood loss, surgical procedure, type of lymph node dis-
section, and splenectomy affected the development of
pancreas-related infection. Multivariate analysis revealed
that VFA, intraoperative blood loss, and splenectomy were
independent risk factors for pancreas-related infection,
with odds ratios (95% confidence intervals) of 1.015
(1.005-1.025), 1.001 (1.000-1.003), and 7.125 (2.083—
24.372), respectively. With regard to anastomotic leakage,
both univariate and multivariate analyses revealed VFA as
a risk factor for the development of anastomotic leakage,
with an odds ratio (95% confidence interval) on multivar-
iate analysis of 1.010 (1.000-1.021).

Table 5§ Multivariate analysis identification of independent risk
factors for the development of pancreas-related infection

Odds ratic 95% CI P
VFA (cm?) 1.015 1.005-1.025  0.004
Intraoperative blood loss (mL) 1.001 1.000-1.003 0.009
Splenectomy (yes or no) 7.125 2.083-24.372  0.002

CI confidence interval, VFA visceral fat area

In order to justify the use of correlation analysis to find
risk factors for the surgical complications, it was manda-
tory to prove that the fat components did not relate to
outcomes in binomial fashion. To do so, we divided the
patients into 4 groups according to the VFA (<35.8,
35.8-85.6, 85.6-126.5, and >126.5 cm?), and looked at the
incidence of surgical complications in each group. Pan-
creas-related complications were observed in 0, 2, 8, and 8
patients, respectively, in these 4 groups, showing that the
relationship between VFA and surgical complications was
not binomial.
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Fig. 2 Receiver operating characteristic (ROC) curve to identify the
appropriate cut-off value of VFA to predict pancreas-related infec-
tion. The area under the curve (AUC) was 0.787 and the threshold of
VFA was 113.6 cm® with sensitivity of 72.2% and specificity of
62.9%

The cut-off value for VFA as an indicator
of pancreas-related infection

Figure 2 shows the receiver operating characteristic (ROC)
curve used to identify the appropriate cut-off value of VFA
to predict pancreas-related infection. The area under the
curve (AUC) was 0.787 and the threshold of VFA was
113.6 cm® with sensitivity of 72.2% and specificity of
62.9%.

Discussion

The incidence of postoperative morbidity following gas-
trectomy with lymph node dissection (D2 or more) has
been reported to be 17-21% in eastern Asia [19, 20] and
21-46% in Europe [3, 4, 21-25]. Previous studies of the
risk factors for postoperative morbidity indicate that
obesity, defined as BMI > 25 kg/m?, is one of the most
important [8-10]. The recent development of specific
computer software has enabled the easy calculation of the
amount of visceral fat, and some authors have suggested
that the VFA may be a better predictor of the development
of postoperative morbidity than the BMI [13, 14].

Of all morbidities, intra-abdominal infectious compli-
cations, including pancreas-related infection and anasto-
motic leakage, are potentially fatal complications; thus, in
the present study, we investigated independent risk factors
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for both of these complications. Although Tokunaga et al.
[13] have reported that excessive visceral fat is a risk factor
for postoperative intra-abdominal infectious complications
and Tanaka et al. [14] have reported that the amount of
visceral fat affects the development of pancreas-related
infection, independent risk factors for both complications
had not been investigated simultaneously in previous
studies. In the present study, we determined the factors
affecting the development of both pancreas-related infec-
tion and anastomotic leakage.

The results of the present study indicate that a high VFA
is associated with the development of both pancreas-related
infection and anastomotic leakage following gastrectomy.
To date, the risk factors for anastomotic leakage after
gastrectomy have not been completely clarified [26]. Both
Ser et al. [27] and Kang et al. [28] have reported that
anastomotic leakage may occur in cases in which there is
excess tension and pressure on the anastomotic site and that
these conditions are more frequently observed in patients
with excessive visceral fat because the thick mesentery
creates tension on the anastomosis. In addition, a deeper
surgical field in these patients, and preoperative comor-
bidities, such as cardiovascular disease or diabetes melli-
tus, which are frequently seen in obese patients, may affect
the development of anastomotic leakage [29-31].

In the present study, pancreas-related infections were
observed in 18 patients (8.7%), with splenectomy, intra-
operative blood loss, and VFA identified as independent
risk factors. Splenectomy is a well-known and widely
accepted risk factor, because manipulation of the tail of the
pancreas during the procedure increases the risk of pan-
creas-related infection [6, 14, 31]. In Europe, the final
results of the Dutch D1D2 trial recommended D2 gas-
trectomy. However, they also recommended that the spleen
should be preserved, because of increased morbidity and
mortality after splenectomy [32]. In Japan, though the
current standard treatment for upper-third gastric cancer is
a total gastrectomy with splenectomy, a recent randomized
controlled trial revealed a high incidence of postoperative
complications after splenectomy [33]. We should await
final survival analysis of this study before we conclude
whether or not the spleen has to be preserved. Distal pan-
createctomy has been thought to be correlated with pan-
creas-related complications. In the present study, actually,
both of the two patients with pancreatectomy had this
complication. However, the number was so small that
further analysis could not be done.

In the present study, excessive visceral fat also increased
the incidence of pancreas-related infection. It has been
proposed that excessive visceral fat makes it difficult to
find the border between the pancreas and lymph nodes,
which may result in intraoperative pancreatic injury [13,
14]. Our ROC analysis revealed that a VFA of 113.6 cm?
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was an appropriate cut-off value. Careful surgery will be
required particularly in these patients having a VFA of
113.6 cm? or more.

Although the present study identified a significant rela-
tionship between intraoperative blood loss and pancreas-
related infection, others have reported that increased
bleeding does not affect the incidence of pancreas-related
infection [34, 35]. We believe that increased bleeding may
have created difficulties in identifying the border between
the pancreas and lymph nodes, as occurs in patients with
excessive visceral fat, thus contributing to an increased
incidence of pancreas-related infection.

Preoperative co-morbidities have also been considered
to affect the incidence of postoperative complications.
Also, poor nutritional status due to advanced primary
gastric cancer may be associated with a high incidence of
postoperative complications. However, in the present
study, the patients’ preoperative nutritional status (perfor-
mance status, serum albumin level) and co-morbidities
(diabetes mellitus, hypertension) were not associated with
the incidence of intra-abdominal infectious complications
(data not shown).

In conclusion, excessive visceral fat, represented by the
VFA, was found to be an independent risk factor for both
pancreas-related infection and anastomotic leakage fol-
lowing gastrectomy. Greater diligence during surgery is
necessary for patients with excessive visceral fat, particu-
larly if splenectomy has to be performed simultaneously.
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Abstract

Background Dendritic cells (DCs) are potent antigen-
presenting cells that are central to the regulation, matura-
tion, and maintenance of the cellular immune response
against cancer. In contrast, CD4*CD25™ regulatory T cells
(Tregs) play a central role in self-tolerance and suppress
antitumor immunity. In this study, we investigated the
clinical significance of mature CD83" DCs and Foxp3™
Tregs in the primary tumor and regional lymph nodes from
the viewpoint of the two opposing players in the immune
responses.

Methods We investigated, immunohistochemically, the
density of CD83% DCs and Foxp3™ Tregs in primary
lesions of gastric cancer (n = 123), as well as in regional
lymph nodes with (n = 40) or without metastasis (n = 40).
Results Decreased density of CD83" DCs and increased
density of Foxp3™ Tregs were observed in the primary
tumor and metastatic lymph nodes. Density was signifi-
cantly correlated with certain clinicopathological features.
Poor prognosis was observed in patients with a low density
of CD83" DCs and a high density of Foxp3™ Tregs in
primary lesions. For patients with metastatic lymph nodes,
the density of CD83% DCs in negative lymph nodes was
found to be an independent prognostic factor by multi-
variate analysis.
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Conclusion The density of CD83" DCs and Foxp3™
Tregs was inversely correlated with tumor progression and
reflected the prognosis of gastric cancer.

Keywords Gastric cancer - Dendritic cells - Regulatory T
cells - Prognosis

Introduction

Dendritic cells (DCs), as professional antigen-presenting
cells (APCs), play an important role in the antitumor
immune response. DCs take up tumor-associated antigen in
tumor tissue and migrate to regional lymph nodes to gen-
erate cytotoxic T cells. The antigen/pathogen induces the
immature DCs to undergo phenotypic and functional chan-
ges that culminate in the complete transition from antigen-
capturing cells to APCs. DC maturation is intimately linked
with their migration from the peripheral tissue to the
draining lymphoid organs [1]. CD83 is a 45-kDa trans-
membranous protein and member of the immunoglobulin
super family [2], and is expressed by mature DCs, but not by
B cells, natural killer (NK) cells, or monocytes [3], and can
be a useful marker of mature DCs [4-6]. Previous studies
have shown that a low density of CD83% DCs in various
cancer tissues is associated with poor prognosis [7-12].
However, regarding DC activation, it is not clear what kind
of immune responses occur in the draining lymph nodes.
In contrast to the activation of immune responses initi-
ated by DCs, the immune response in tumors is suppressed
by CD4TCD25" regulatory cells (Tregs) [13-16], which
play an important role in immunological self-tolerance [17,
18]. Tregs have also been shown to contribute to cancer-
related immunosuppression {19, 20]. Recently, it has been
reported that Foxp3, forkhead/winged helix transcription
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factor, is a reliable marker of Tregs [21-23], and immu-
nostaining using specific antibody makes it possible to
define Tregs more strictly as CD41CD25 Foxp3™ cells.
Increased density of Foxp3™ Tregs in cancer tissue has
been seen in various cancers, including lung, liver, pan-
creas, ovary, and head and neck [24-28]. In a recent study,
Mizukami et al. [29] reported that the localization pattern
of Tregs was associated with clinical behavior in gastric
cancer. The density of Foxp3™ Tregs in relation to prog-
nosis remain controversial, and there is a question whether
infiltrating Tregs, in particular Foxp3* Tregs, are related to
clinical outcome [30].

In this study, we focused on the density of CD83' DCs
and Foxp3™ Tregs in primary tumors and regional lymph
nodes, from the viewpoint of two opposing factors in
immune responses. We showed that the density of each cell
type was inversely correlated with tumor progression and
metastasis in the prognosis of patients with gastric cancer.

Patients, materials, and methods
Patients

We enrolled 123 patients (89 men, 34 women; age range
18-86 years, mean 66.9 years), who had undergone gas-
trectomy in the Fukushima Medical University Hospital
between January 2000 and December 2004, and who had
histologically proven gastric carcinoma. The follow-up
period was from 2000 to 2009. Tumor characteristics were
determined according to the Japanese classification of
gastric carcinoma (JCGC) [31] and are listed in Table 1.
The depth of tumor invasion (T category) and extent of
lymph node metastasis (N category) were determined by
histological diagnosis. There were 62 T1 tumors, 32 T2, 23
T3, and six T4. Lymph nodes were involved in 42 patients
(N1 in 23, N2 in 12, and N3 in seven). Consequently,
tumor stage was determined as IA in 55 patients, IB in 25,
II in 10, IIA in nine, IIIB in four, and IV in 20. Forty-two
patients were lymph node-positive. The positive and neg-
ative lymph nodes were examined in 40 patients after
excluding two that had all positive lymph nodes. In the 40
lymph-node-negative patients, regional lymph nodes were
also examined. Patients with other malignant lesions upon
preoperative clinical diagnosis were excluded from the
examination. In addition, normal gastric tissue from 30
patients with early gastric cancer, taken far from the can-
cerous lesion in the same section, was used as a control.

Outcomes in patients with gastric cancer

Relapses occurred in 10 patients who had received curative
surgery, because of the recurrence of peritoneal metastasis

(n = 6), hepatic metastasis (n = 3), and lymph node
metastasis (n = 1). Causes of death in the patients,
including those with non-curative operations, were perito-
neal metastasis (n = 9), hepatic metastasis (n = 5), and
other diseases (n = 10). Patients who underwent non-
curative surgery received postoperative chemotherapy
using S-1, cisplatin, paclitaxel, or irinotecan, according to
the choice of the physician.

Immunohistochemistry

Immunohistochemical reactions were performed using the
streptavidin—biotin—peroxidase method. Anti-mouse CD83
monoclonal antibody (mAb) (clone HB15a; Santa Cruz
Biotechnology, Heidelberg, Germany) and anti-mouse
Foxp3 mAb (clone 236A/E7; Abcam, Cambridge, UK)
were used. Tissue specimens including the deepest lesions
of the primary tumor and lymph nodes were fixed in 10%
neutral buffered formalin and embedded in paraffin. Sec-
tions were cut at 4-um thicknesses, deparaffinized, and
rehydrated. After the blocking of endogenous peroxidase
with methanol containing 0.3% H,0,, for antigen retrieval,
the sections were autoclaved at 121°C for 10 min in citrate
buffer (10 mmol/l sodium citrate, pH 6.0) for staining with
anti-Foxp3 mAb. The sections were boiled in a microwave
oven for 15 min for staining with anti-CD83 mAb. After
blocking with normal horse serum for Foxp3 or normal
goat serum for CD83, the sections were reacted overnight
with appropriately diluted primary antibodies. The sections
were reacted sequentially with biotin-conjugated anti-
mouse IgG antibodies (Vector Laboratories, Burlingame,
CA, USA) and Vectastain Elite ABC reagent (Vector
Laboratories). Immunohistochemical reactions were visu-
alized with freshly prepared 3,3’-diamino-benzidine tetra-
hydrochloride.  Slides were  counterstained  with
hematoxylin and mounted on coverslips.

Quantification methods

Positively stained cells in normal gastric tissue, primary
tumors, and lymph nodes were counted with a microscope
(Nikon, Tokyo, Japan) at high power (400x) magnifica-
tion. The tumor status of primary lesions and lymph nodes
was determined by hematoxylin and eosin staining. We
assessed each slide at the invasive margin of the tumor. We
selected group 1 lymph nodes with and without metastasis
classified by JCGC, and the normal gastric tissues in the
patients with early gastric cancer were selected more than
1 cm away from carcinoma tissues. In each section, the
degree of immune cell infiltration was observed in more
than 10 independent high-power microscopic fields. The
five areas with the most abundant distribution were selec-
ted without any previous knowledge of the patients’
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Table 1 Patients’ clinical characteristics

Clinicopathological factor® No. of patients

(n = 123)

Gender

Male 89

Female 34
Age (years) 66.9 + 11.4°

Range 18-86
Depth of tumor invasion

T1 62

T2 32

T3 23

T4 6
Extent of lymph node metastasis

NO 81

NI 23

N2 12

N3 7
Histological type

Tubular (well/moderate) 67

Papillary 5

Poor 27

Signet 17

Mucinous 7
Histological stage

1A 55

1B 25

1 10

A 9

1B

v 20

Well/moderate well-differentiated/moderately differentiated, poor
poorly differentiated, signer signet ring cell

* Determined according to the Japanese classification of gastric
carcinoma [31]

® Mean =+ standard deviation

clinical backgrounds. We determined the total number of
DCs and Foxp3™ Tregs from five areas and then calculated
the mean number for analysis of survival. Patients were
divided into two groups for each variable, using median
values as the cut-off points.

Statistical analysis

Statistical analysis was performed using StatView V.5.0
software (SAS Institute, Cary, NC, USA). Associations
among the variables were assessed by the Mann—Whitney
U-test and Kruskal-Wallis test. Survival curves were cal-
culated using the Kaplan-Meier method and compared
with the log-rank test. Both univariate and multivariate
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analyses of immune cell infiltration and clinicopathological
features were performed using the Cox proportional haz-
ards model. P < 0.05 was regarded as significant in all
analysés.

Results

Immunohistochemical analysis of CD83% DCs
and Foxp3™ Tregs in gastric cancer tissues and lymph
nodes

CD83™ DCs and Foxp3™ Tregs were specifically visu-
alized immunohistochemically and quantified in normal
gastric tissues, primary gastric cancers, and lymph nodes
with or without metastasis (Fig. 1). The density of
CD83" DCs decreased with cancer invasion; conversely,
that of Foxp3™ Tregs increased (Fig. 2a, b). CD83" DC
infiltration in primary lesions was counted as 0-8 cells
per high-power field (average 1.3), and Foxp3™ Tregs as
0-64 (average 15.4). By contrast, CD83" DCs in normal
gastric tissue were significantly higher in number than
those in cancer tissue (average 3.4 vs. 1.3, p < 0.0001).
The number of Foxp3™ Tregs in primary lesions was
significantly lower than that in normal tissue (average
154 vs. 2.2, p < 0.0001). The numbers of CD83* DCs
and Foxp3™ Tregs were inversely correlated. The number
of CD83" DCs in positive lymph nodes was significantly
lower than that in negative nodes in lymph node
metastasis-negative [LNM(—)] cases, as well as in
LNM(+) cases (average 1.1 vs. 3.5, 4.3, p < 0.001).
Conversely, the number of Foxp3™ Tregs in positive
nodes was significantly higher than that in negative
nodes in LNM(—) cases, as well as in LNM(+) cases
(average 37.6 vs. 16.5, 18.3, p < 0.001). There was no
significant difference between the number of CD83%
DCs and Foxp3™ Tregs in the negative lymph nodes of
LNM(—) and LNM(+) cases.

Correlation between CD83" DCs, Foxp3™ Tregs,
and depth of tumor invasion

The density of CD83™ DCs and and that of Foxp3™ Tregs
in the primary lesion were compared at different depths of
tumor invasion (Fig. 2¢, d). The average number of CD83"
DCs in normal gastric tissue, and in T1, T2, T3, and T4
tumors was 3.4, 1.8, 1.3, 0.46, and 0.43, respectively. The
corresponding number of Foxp3™ Tregs was 2.2, 10.6,
22.9, 17.2, and 17.3, respectively. There was a significant
difference between normal tissue and T1 tumors for the
numbers of CD83" DCs and Foxp3™ Tregs (p < 0.0001).
A significant difference was also noted among T1, 2, 3, and
4 for CD83™ DCs and Foxp3™ Tregs (p < 0.0001).
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Fig. 1 Presence of CD83™" and
Foxp3™ cells in gastric cancer.
Immunohistochemical study of
CD83™ and Foxp3™ cell
recruitment was performed in
normal gastric (a—¢), cancerous
(d-f), and negative (g-i) and
positive (j-1) lymph node
tissues. H&E stain (a, d, g, and
j); CD83™ cells (b, e, h, and i);
and Foxp3™ cells (¢, f, i, and 1).
Arrows indicate positive cells.
In normal gastric tissue, the
density of CD83" cells was high
(b) and that of Foxp3™* cells was
low (¢). In contrast, in
cancerous tissue, low dendritic
cell (DC) infiltration (e) and a
large population of Foxp3™ cells
(f) were observed. In negative
lymph nodes, the density of
CD83™" cells was high (h) and
that of Foxp3™ cells was low (i).
In contrast, in positive lymph
nodes, these densities were
inversely correlated (k, i)

HE x40

Correlation between CD83* DCs, Foxp3™ Tregs,
and clinicopathological factors

The density of CD83™ DCs and that of Foxp3™* Tregs in
primary lesions were examined in relation to clinicopath-
ological status (Table 2). The numbers of CD83" DCs
were significantly lower in patients with histologically
undifferentiated-type tumors, positive LNM, hepatic
metastasis, peritoneal invasion, positive peritoneal washing
cytology, lymphatic vessel invasion, blood vessel invasion,
greater depth of invasion, and higher histological stage.
The numbers of Foxp3™' Tregs were significantly higher in
patients with positive LNM, peritoneal invasion, lymphatic
vessel invasion, blood vessel invasion, greater depth of
invasion, and higher histological stage, but there was no
significant difference in numbers of Foxp3™ Tregs in
relation to histologically undifferentiated tumors, hepatic
metastasis, and positive peritoneal washing cytology.

CD83 x400

Foxp3 x400

Univariate and multivariate analyses of survival
in gastric cancer

We examined our results by univariate and multivariate
analyses, using a Cox proportional hazards model. The
clinicopathological factors listed in Table 2 were examined
for their association with overall survival (OS) and disease-
free survival (DFS) after initial surgery. In primary lesions,
low numbers of CD83" DCs (Table 3a; OS: p = 0.0122,
DFS: p = 0.0016) and high numbers of Foxp3™ Tregs (OS:
p = 0.0222, DFS: p = 0.0250) had a negative influence on
OS and DFS in the univariate analysis. In negative lymph
nodes in LNM(+) cases, low numbers of CD83" DCs also
had a negative influence on OS and DFS in the univariate
analysis (Table 3b; OS: p = 0.0398, DFS: p = 0.0266). In
multivariate Cox proportional hazard analysis for clinico-
pathological variables, the high-CD83™" DC group in pri-
mary lesions had a better prognosis than the low-CD83%
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Fig. 2 Density of CD83" DCs
and Foxp3™* Tregs in gastric
cancer and correlation of these 12
densities with depth of cancer
invasion. Numbers of CD83™
DCs and Foxp3™ regulatory T
cells (Tregs) in primary lesions
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DC group [Table 3a; OS: p = 0.0374, hazard ratio
(HR) = 0.33, DFS: p = 0.0118, HR = 0.57]. The high
number of CD83" DCs in negative lymph nodes in
LNM(+) cases was identified as a significant prognostic
predictor (Table 3b; OS: p = 0.0296, HR = 0.11, DFS:
p = 0.0078, HR = 0.03).

Prognostic significance of CD83" DCs and Foxp3*
Tregs in gastric cancer

We examined whether the presence of CD83" DCs and

Foxp3™ Tregs was correlated with prognosis, by Kaplan—
Meier analysis. The high number of infiltrating CD83*
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DCs contributed greatly to both OS and DFS (Fig. 3a, b).
The low-Foxp3™ Tregs group showed significantly better
OS than the high-Foxp3™ Tregs group (Fig. 3c). The low-
Foxp3™ Tregs group also showed significantly better DFS
than the high-Foxp3™ Tregs group (Fig. 3d).

When the prognostic significance of CD83% DCs and
Foxp3* Tregs was compared among four groups according
to the respective parameters (CD83 low/high, Foxp3 low/
high), the survival rate in patients with low-CD83/high-
Foxp3 group was significantly poorer than that in the other
three groups (Fig. 3e). This was also the case with the DFS
(Fig. 3f). These results indicate that each cell type is
inversely correlated with tumor progression and metastasis

—169 —



Prognosis of gastric cancer

149

Table 2 Correlation between CD83, Foxp3, and clinicopathological status

All patients CD83/hpf p value Foxp3/hpf p value
(n=123)

Gender

Male 89 152+ 12 158 £ 12

Female 34 127 £ 1.2 NS 143 £ 13 NS
Age (years)

<60 27 1.05 £ 1.0 15.2 £ 11

=60 96 142 +12 NS 154 £ 13 NS
Histology

Differentiated® 72 1.66 + 1.3 142 + 12

Undifferentiated” 51 0.88 + 0.9 0.0003 17.1 £ 12 NS
Lymph node metastasis

Negative 81 1.75 £ 1.2 142 + 13

Positive 42 0.55 &+ 0.6 <0.0001 177 + 10 0.0063
Hepatic metastasis

Absent 116 140 £ 1.2 153+ 12

Positive 7 031 £ 04 0.0041 16.1 + 8.9 NS
Peritoneal invasion

Absent 112 143 £ 1.2 149 + 12

Positive 11 035 £ 03 0.0007 204 + 9.6 0.0377
Cytology in peritoneal washings

Negative 115 1.40 £ 1.2 152 £ 13

Positive 8 0.48 + 043 0.0196 18.1 £ 6.2 NS
Lymphatic vessel invasion

Negative 47 194 £ 13 11.3 £ 12

Positive 76 0.97 £ 09 <0.0001 179 £ 12 <0.0001
Blood vessel invasion

Negative 54 1.70 £ 1.2 109 £ 10

Positive 69 1.06 £ 1.1 0.0005 189 £ 12 <0.0001
Depth of invasion

T1 62 1.77 £ 1.2 10.7 £ 11

T2-4 61 0.90 + 0.9 <0.0001 202 + 12 <0.0001
Histological stage

L1 90 1.68 £ 1.2 144 £ 13

11, IV 33 0.39 £ 04 <0.0001 18.0 + 8.7 0.0083

Data are means & SD

p value by Mann—Whitney U-test

NS not significant, Apf high-power field

* Differentiated; papillary or tubular adenocarcinoma

® Poorly differentiated or undifferentiated adenocarcinoma, signet-ring-cell carcinoma, or mucinous adenocarcinoma

in the prognosis of patients with gastric cancer. When the
prognostic significance of CD83% DCs and Foxp3™ Tregs
in negative lymph nodes in gastric cancer with LNM was
examined, the density of CD83 in non-metastatic lymph
nodes was found to be associated with prognosis (Fig. 4).
The high number of infiltrating DCs contributed greatly to
both OS and DFS.

Discussion

Two opposing components of immune responses were
examined in primary gastric cancer and regional lymph
nodes. CD83% DCs were decreased in proportion to the
stage of cancer (i.e., the lower the CD83" DC density, the
higher the stage), and a low density was significantly
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Table 3 Univariate and multivariate analyses of prognostic factors associated with OS and DFS

Prognostic factors oS DFS
Univariate ~ Multivariate HR (95% CI) Univariate  Multivariate HR (95% CI)
®) ® » 2]
(a) All cases
Gender (male or female) 0.4294 0.4400
Age (<60 years) 0.5539 0.4727
Lymphatic vessel invasion 0.0864 0.0206 0.2768 0.27 (0.03-2.87)
Blood vessel invasion 0.1453 0.0212 0.7457 0.75 (0.13-4.34)
Histology (differentiated or 0.0826 0.0007 0.0296 0.21 (0.05-0.86)
undifferentiated)
Cytology <0.0001 <0.0001 0.57 (0.02-0.20 0.0015 0.1547 0.37 (0.09-1.46)
Hepatic metastasis 0.0424 0.6020 0.60 (0.17-2.20) 0.0039 0.6116 0.72 (0.19-2.57)
pT1 vs. pT2-4 0.0420 1.1940 1.19 (0.27-5.34) 0.0029 0.0350 0.04 (0.002-0.80)
CD83 (high or low) 0.0122 0.0374 0.33 (0.12-0.95) 0.0016 0.0118 0.57 (0.006-0.54)
Foxp3 (high or low) 0.0222 0.2257 2.10 (0.63-6.93 0.0250 0.5234 0.64 (0.16-2.51)
(b) LNM (+) cases
Gender (male/female) 0.4864 0.2839
Age (<60 years) 0.3428 0.0335 12.59 (1.22-130.01) 0.8877
Lymphatic vessel invasion - -
Blood vessel invasion 0.7588 0.8847
Histology (differentiated or 0.5693 0.0476 0.0059 0.004 (0.001-0.20)
undifferentiated)
Cytology 0.0049 0.0019 0.01 (0.001-0.20)  0.4475
Hepatic metastasis 0.5693 0.4755
pT1 vs. pT2-4 0.4472 -
CD83 LNM (+), node-positive 0.2356 0.2093
CD83 LNM (+), node-negative 0.0398 0.0296 0.11 (0.01-0.80) 0.0266 0.0078 0.03 (0.002-0.39)
Foxp3 LNM (+), node-positive 0.8072 0.4657
Foxp3 LNM (+), node-negative 0.5308 0.4121

OS overall survival, DFS disease-free survival, HR hazard ratio, CI confidence interval, LNM lymph node metastasis

correlated with poor prognosis. Conversely, Foxp3™ Tregs
were increased in proportion to the stage of cancer (i.e., the
higher the Foxp3™ Tregs density, the higher the stage), and
a high density was significantly correlated with poor
prognosis. The density of CD83" DCs and Foxp3* Tregs
in metastatic lymph nodes was similar to that in primary
lesions, when compared with that in negative lymph nodes.
This is, to the best of our knowledge, the first study to show
that two opposing factors in the immune response in pri-
mary lesions, as well as in metastatic lymph nodes, were
inversely related.

Immature DCs with a protein S100 marker, as well as
mature DCs with a CD83 marker, have been shown to be
correlated with the prognosis of various cancers [32-36].
Tsujitani et al. [32] have reported that infiltrating S100-
positive DCs do not prevent the spread of tumor invasion
but do prevent nodal involvement. In the present study, the
high number of infiltrating DCs contributed to both OS and
DFS in negative lymph nodes in gastric cancer with LNM.
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Tumor-infiltrating DCs exhibit various phenotypes and
functions depending on their maturation status. The
expression of S100 on DCs is not specific; therefore, we
evaluated maturation-specific tissue infiltration of DCs. We
found that the density of CD83 + DCs was significantly
decreased in T1 tumors (tumor invasion within the sub-
mucosal layer), and it decreased further in relation to tumor
progression. The density of CD83 in primary lesions was a
highly independent prognostic factor by both univariate
and multivariate analyses. These data were consistent with
earlier studies.

The density of Foxp3™ Tregs in gastric cancer was
significantly correlated with prognosis in the present study.
A significant increase in the density of these cells was
found in T1 tumors, and the density of these cells was
further increased in relation to tumor progression. Mizu-
kami et al. [29] have reported that the pattern of localiza-
tion of Foxp3™ Tregs, rather than the population of these
cells counted in randomly selected areas, is associated with
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Fig. 3 Prognostic significance of CD83™ DCs and Foxp3™ Tregs in
gastric cancer. The density of CD83" DCs and Foxp3™ Tregs in
primary lesions was examined in relation to prognosis by Kaplan—
Meier analysis (a—f). A high CD83™ DC level contributed to both
overall survival (OS) (a) and disease-free survival (DFS) (b). A low
Foxp3™ Tregs level contributed to OS (¢) and DFS (d). The density of

clinical behavior in gastric cancer. We examined the
degree of immune cell infiltration at the deepest area of
tumor invasion. Our study had more stage I patients com-
pared with that of Mizukami et al. (62/123 vs. 31/80). The
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CD83* DCs and Foxp3™ Tregs in primary lesions was divided into
four groups: high-CD83/low-Foxp3 (n = 37), high-CD83/high-Foxp3
(n = 30), low-CD83/low-Foxp3 (n = 24), and low-CD83/high-
Foxp3 group (n = 32). OS and DFS in patients with the low-CD83/
high-Foxp3 group were significantly shorter compared with those for
the other three groups (e, f). p value was determined by log-rank test

difference in these factors might explain the difference in

results, but needs to be evaluated in a prospective study.
The density of CD83% DCs is particularly interesting

because antigen-pulsed DCs migrate to lymph nodes, in which
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Fig. 4 Prognostic significance a b
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they activate certain types of T cells, which leads to cytotoxic
T-lymphocyte generation. However, no data were available
for CD83* DCs or Foxp3* Tregs in the regional lymph nodes
of gastrointestinal cancer. We found that the density of CD83%
DCs and Foxp3™ Tregs in lymph nodes was similar to that in
primary tumors. Thus, with metastasis, the density of CD83"
DCs decreased and, conversely, that of Foxp3' Tregs
increased. This is consistent with the previous findings of
Kawaida et al. [37], who have shown that the numbers of
CD47CD25"2" Tregs in the regional lymph nodes in patients
with gastric cancer are significantly higher than those in con-

" trol lymph nodes. In the present study, it was interesting that
the density of CD83* DCs in negative lymph nodes in patients
with lymph node metastasis was found to be an independent
prognostic factor. Although the density of CD83* DCs in
negative lymph nodes in patients with LNM was slightly
higher than that in the negative lymph nodes of patients
without metastasis, the density of CD83* DCs in lymph nodes
may be an independent prognostic factor in patients with
LNM. A low density of CD83" DCs was correlated with poor
prognosis and shorter DFS. This might have resulted from a
decreased systemic response in the patients or the possibility of
micro-metastasis in the lymph nodes. This is believed to be the
first study to show a correlation between the immune response
in lymph nodes and the prognosis of gastric cancer. However,
further clarification of this correlation, as well as the concept of
sentinel lymph nodes, is needed in future studies.

DC maturation is a continuous process that is initiated in
the periphery upon antigen encounter and/or by inflamma-
tory cytokines, and is completed during DC-T cell inter-
action. Numerous factors induce and/or regulate DC
maturation, including pathogen-related molecules such as
lipopolysaccharide, bacterial DNA, and the balance
between pro- and anti-inflammatory signals in the local
microenvironment, including tumor necrosis factor, inter-
leukin (IL)-1, IL-6, IL-10, and transforming growth factor
(TGF)-p [1]. Cancer cells are known to produce certain
cytokines such as IL-6, IL-10, TGF-f, and vascular endo-
thelial growth factor, which do suppress DC maturation.
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CD4TCD25M¢" Foxp3™ T cells also secrete IL-10 and TGF-
B, which both mediate suppression of immune responses in
the tumor microenvironment [38]. Recently, Sarrs et al. [39]
have found that neuropilin-1, which is expressed by most
Tregs, but not naive T-helper cells, promotes prolonged
interaction with immature DCs, which suggests the default
suppression of immune responses in the absence of danger
signals. Terme et al. [40] have also reported that Tregs
control DC/NK cell crosstalk in lymph nodes in the steady
state by inhibiting CD4™" self-reactive T cells. In line with
these data, it is reasonable to assume that a high density of
Foxp3™ Tregs plays an important role, directly or indirectly,
in inhibiting the local activation of DCs.

We elucidated two arms of the immune response to can-
cer: immunoactivation and immunosuppression. For these
immune responses, CD83% DCs and Foxp3* Tregs were
investigated in primary lesions and regional lymph nodes.
Similar trends were found at both sites in association with
tumor invasion. For cell-targeted immunotherapy, DCs can
be injected directly into the tumor. The elimination of Tregs
has been trialed in basic [41, 42] and clinical [43] settings,
with some promising results [44]. To further investigate the
efficacy of the elimination of Tregs, careful monitoring of the
two arms of the immune response will be needed.
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Abstract

Background: The sonic hedgehog (SHH) signaling pathway
is critical in fetal organogenesis. Activation of the SHH path-
way has been associated with several types of human can-
cer; however, the clinicalimpact of SHH activation in patients
with gastric cancer is still unknown. Methods: The present
study included 41 patients with gastric cancer who under-
went gastrectomy between 2000 and 2004. SHH, Patched-1
(PTCH1), Smoothened (SMO) and Glioma-associated onco-
gene-1 (GLIT) were examined immunohistochemically, and
these of mMRNAs from the cancer lesions were evaluated us-
ing real-time quantitative RT-PCR. Results: Immunohisto-
logical expressions of SHH-related molecules were relatively
intense in cancer tissue, but no significant correlation was
found with any clinicopathological factors of tumor. PTCH1
was only the molecule associated with poor prognosis of pa-
tients with differentiated type of tumor, For mRNA analysis,
a significant correlation was demonstrated between certain
clinicopathological factors and PTCHI, SMO or/and GLIT
mRNA levels. High levels of SHH and PTCHT mRNA were as-
sociated with poor prognosis. Multivariate analysis demon-
strated the PTCHT mRNA level and liver metastasis as signifi-

cant independent prognostic factors. Conclusions: PTCHT
expression in the SHH pathway was possibly involved in gas-
tric cancer tumor progression, and could be a useful indica-
tor for the prognosis of gastric cancer.

Copyright © 2012 S. Karger AG, Basel

Introduction

The Sonic hedgehog (SHH) signaling pathway playsan
important role in human embryonic development (1, 2].
SHH signaling is mediated via a series of inhibitory steps
(1]. After secretion, the diffusion of SHH ligand is limited
by binding to the Patched-1 (PTCHI) transmembrane re-
ceptor. In the absence of ligand, PTCHI receptors block
the function of another transmembrane protein, Smooth-
ened (SMO), and this inhibition is relieved following li-
gand binding. As a consequence, SMO becomes active
and initiates a signaling cascade that results in the activa-
tion of the Glioma-associated oncogene-1 (GLI1) tran-
scription factor. In the absence of ligands, GLI1 is linked
to the cytoskeleton via interaction with a multiprotein
complex that includes Fused (FU) and Suppressor of
fused (SUFU). Following ligand binding, GLII translo-
cates into the nucleus where it controls the transcription
of target genes. Thus, SHH signaling is regulated at nu-
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merous levels by different components of the pathway; a
peculiar phenomenon, which suggests that tight control
of SHH activity is crucial for its proper function [1].

Activation of SHH signaling, through loss-of-function
mutations of PTCHI1 or activation mutations of SMO, oc-
curs frequently in human basal cell carcinoma (BCC) and
medulloblastoma [3-7]. More recently, abnormal activa-
tion of the SHH pathway has been reported in small cell
lung cancer, pancreatic cancer, prostate cancer, and gas-
trointestinal cancers [8-14]. In gastric cancers, activation
of the SHH pathway has been described [15-18], but cor-
relation of SHH pathway activation with prognosis re-
mains to be determined.

In this study, we used real-time quantitative RT-PCR
(RQ-PCR) to assay SHH pathway molecules to investi-
gate correlations between the activation of the SHH path-
way and clinicopathological factors. We also correlated
expression of pathway molecules with the prognosis of
patients with gastric cancer.

Materials and Methods

Tissue Samples

Gastric cancer tissues were obtained from 41 patients who
underwent gastrectomy at Fukushima Medical University be-
tween January 2000 and December 2004 after approval from the
medical ethics committee and acquisition of informed consent.
Patient characteristics were determined according to the Japa-
nese Classification of Gastric Carcinoma (2nd English edition;
table 1). Cancers tissues were histologically classified as: (a) dif-
ferentiated-type adenocarcinoma, including papillary adenocar-
cinoma and tubular adenocarcinoma, and (b) undifferentiated-
type adenocarcinoma, including poorly differentiated adenocar-
cinoma, mucinous adenocarcinoma and signet ring cell
carcinoma. Normal epithelial tissues were obtained from the re-
sected specimen as far as possible from the cancer lesion (n =9),
and were used as control.

Immunohistochemistry

Resected specimens were fixed with 10% buffered formalin
and embedded in paraffin. Tissue blocks were then sliced into
4-pm sections and mounted on glass slides. The sections were
pretreated in 10 mM citrate buffer (pH 6) by a microwave-based
antigen retrieval method for 15 min and then incubated with
monoclonal anti-human SHH, PTCHIL, SMO and GLII antibody
(Santa Cruz Biotechnology Inc., Calif., USA) at a dilution of 1:100
overnight. Histofine SAB-PO kit (Nichirei, Tokyo, Japan) was
used to visualize antibody binding. Immnoreactivity of those
proteins was classified into two types: focal (<50%) and diffuse
(=50%) by expression ratio.

RNA Extraction and cDNA Synthesis

RNA was extracted using an RNeasy Mini Kit'™ and QIA
shredder™ (Qiagen GmbH, Hilden, Germany). Total RNA (1 p.g)
was reverse-transcribed using random hexamer, SuperScript II

116 Dig Surg 2012;29:115-123

Table 1. Patient characteristics

Gender
Male 30
Female 11
Age, years 30-86 (mean 64.8)
Histological type
pap 1
tubl 6
tub2 9
porl 4
por2 8
sig 7
muc 4
small 2
Depth of invasion
T1 5
T2 1
T3 17
T4 6
Stroma in tumors
Sci 13
Int 19
Med 9
Lymph node metastasis
NO 11
N1 14
N2 10
N3 6
Peritoneal metastasis
PO 35
P1 6
Hepatic metastasis
HO 37
H1 4
Stage
IA 3
IB 7
11 4
1A 7
1IB 5
v 15

pap = Papillary adenocarcinoma; tubl = well-differentiated
tubular adenocarcinoma; tub2 = moderately-differentiated tubu-
lar adenocarcinoma; porl = poorly differentiated adenocarcino-
ma (solid type); por2 = poorly differentiated adenocarcinoma
(non-solid type); sig = signet ring cell carcinoma; muc = mucinous
adenocarcinoma; Sci = scirrhous type; Int = intermediate type;
Med = medullary type.

reverse transcriptase'™ (Invitrogen, Carlsbad, Calif., USA) and
10 M dNTPs (Sigma-Aldrich, St. Louis, Mo., USA). Reverse tran-
scriptase-polymerase chain reaction (RT-PCR) was performed
using the Gene Amp PCR System™ (Applied Biosystems, Foster
City, Calit,, USA). Integrity of the isolated RNA was established
by RT-PCR analysis of the housekeeping gene, glyceraldehyde-3-
phosphate dehydrogenase (GAPDH).
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Fig. 1. Immunoreactivity of SHH and PTCH1 in cancer tissue. Patients were divided into focal and diffuse ex-
pression groups according to positive area ratio in cancer tissue.

Real-Time Quantitative Polymerase Chain Reaction

RQ-PCR was performed using an ABI Prism 7000 Sequence
Detection System™ (Applied Biosystems). PCR reactions (50 )
contained 2.5 pul of TagMan gene expression assay™ solution (Ap-
plied Biosystems), including SHH, PTCHI, SMO and GLII spe-
cific oligonucleotide primers (assay ID Hs00179843_ml,
Hs00181117_m1, Hs00170665_m1 and Hs00171790_m1), 25 pl of
TagMan Universal PCR Master Mix'™ (Applied Biosystems), and
2 il of cDNA sample. Amplification was performed for 50 cycles
at 95°C for 15 s and 60°C for 1 min. mRNA levels were normal-
ized against GAPDH mRNA levels.

Statistical Analysis

Statistical analyses were performed using SPSS 17 for Win-
dows (SPSS, Chicago, Ill., USA). The Mann-Whitney test for in-
dependence was used to determine the strength of correlations
between SHH, PTCHI, SMO and GLII expression and clinico-
pathological factors. The Pearson’s correlation coefficient was

Prognostic Impact of SHH Pathway in
Gastric Cancer

used to determine the strength of correlation between the expres-
sion of each molecule in the SHH pathway.

Survival time was estimated using the Kaplan-Meier method,
and the log-rank test was used for testing differences in survival
time between groups. The multivariate Cox proportional hazard
model was applied to detect independent predictors of survival.
Values of p < 0.05 were considered statistically significant.

Results

Immunoreactivity of Cancer Tissue and Normal

Epithelium

There were no significant correlation between SHH,
PTCHI, SMO and GLI1 expression and clinicopatholog-
ical factors by immunohistochemical analysis (data not

Dig Surg 2012;29:115-123 117
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Fig. 2. Comparison between the expression of SHH pathway-associated molecules in tumor tissues and normal
epithelium. PTCHI mRNA levels were significantly higher in cancer tissue compared to normal epithelium, but

those of SHH, SMO and GLI1 were not.

shown). Expression of SHH and PTCHI molecules in
cancer tissue could be practically divided into the two
types including focal and diffuse types (fig. 1). Differenti-
ated type of cancer (n = 16) included 4 focal SHH and 11
focal PTCH1 expression. Undifferentiated type of cancer
(n = 25) included 16 focal SHH and 19 focal PTCHI1 ex-
pression.

Correlation between the Expression of SHH Signaling
Pathway Molecules mRNA and Clinicopathological
Parameters in Patients with Gastric Cancer

PTCHI mRNA levels were significantly higher in can-
cer tissue compared to normal epithelium, but levels of
SHH, SMO and GLII mRNA were not significantly dif-
ferent between these tissues (fig. 2).

We performed RQ-PCR to investigate the correlation
between the expression levels of the SHH signaling path-
way components, SHH, PTCH1, SMO or GLII and clini-
copathological factors (table 2). Expression of SHH was
not significantly correlated with any clinicopathological
factors. Expression of PTCHI was significantly correlated
with tumor differentiation, stromal quantity, and cytol-
ogy of the peritoneal surface. Expression of SMO was sig-
nificantly correlated with age, stromal quantity and peri-
toneal metastasis. Expression of GLII was significantly
correlated with age, tumor differentiation, stromal quan-
tity and the conclusive stage. Together, these data suggest

118 Dig Surg 2012;29:115-123

that significant upregulation of SHH pathway target mol-
ecules occurs in association with criteria indicating tu-
mor progression. Expression of SMO and GLII in older
patients (>60 years) tended to be lower than in younger
patients, who all had undifferentiated types of gastric
cancer.

We compared the expression of SHH pathway mole-
cules with each other and found that there were signifi-
cant correlations between the expression of SHH and
PTCHI and between the expression of PTCHI and all of
the other pathway molecules investigated. There was also
a significant correlation between the expression of SMO
and GLII (table 3).

Prognostic Value of SHH Signaling Molecule

Expression Levels in Patients with Gastric Cancer

Relapses occurred in 8 patients who received curative
surgery due to the recurrence of peritoneal metastasis
(n = 5), hepatic metastasis (n = 2) and lymph node metas-
tasis (n = 1). Causes of death in patients, including noncu-
rative operation cases, were peritoneal metastasis (n = 7),
hepatic metastasis (n = 3), and other diseases (n = 1). Pa-
tients who underwent noncurative surgery received post-
operative chemotherapy using S-1, cisplatin, paclitaxel or
irinotecan, according to the choice of the physician.

To determine correlations between the expressions of
SHH, PTCHI, SMO and GLII and patient prognosis, pa-
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