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Abstract

Background Since antitumor immune reactions between
tumors and intratumoral immunocytes have been verified
in several human tumors, immunological therapeutic
strategies must be considered to obtain the proper efficacy
of tumor shrinkage under these conditions. Human leuko-
cyte antigen (HLA) class I expression in cancer cells and
degree of infiltration of regulatory T cells (Tregs) in the
stroma have been regarded as important markers of anti-
tumor immune reactions in the context of independent
immunological mechanisms. In the current study, we
investigated HLA class I expression and Treg cells infil-
tration in gastric cancer and discussed the clinical impli-
cations of this combinatory analysis in gastric cancer.
Patients and methods A total of 141 gastric cancer
patients who received RO gastrectomy at Kagoshima Uni-
versity Hospital were studied. Immunohistochemically, in
141 gastric cancer patients, HLA class I expression and
Treg cell infiltration in cancerous tissue were evaluated
using HLA class I (EMR8-5) and forkhead box p3
(FOXP3) monoclonal antibodies. The correlation between
clinical factors and tumor-infiltrating Treg cells was
analyzed.

Results HLA class I expression was positively associated
with depth of tumor invasion (P < 0.05). Infiltration of
Foxp3-positive cells did not correlate with any clinico-
pathological markers. HLA class I expression had no
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association with Treg cell infiltration (r = 0.04). A better
postoperative outcome was associated with fewer numbers
of Treg infiltration (P = 0.034). A combination of HLA
and Treg analysis may lead to a more accurate prediction
of postoperative outcome (P = 0.02).

Conclusions Two different antitumor immunological
markers, Treg infiltration and HLA class I expression,
affected clinicopathological factors in gastric cancer by
different mechanisms. Thus, an immunological combina-
tion of HLA class I expression and Treg cell infiltration
may more accurately predict postoperative outcome.
Immunological balance needs to be restored after evalua-
tion of each immunological deficit in gastric cancer.

Keywords Gastric cancer - Regulatory T cells -
HLA class I - Antitumor activity - Immunosuppressant -
Postoperative outcome

Introduction

Gastric cancer is a common malignant disease and is a
major cause of cancer-related death in eastern Asia, espe-
cially Japan [1]. When gastric cancer patients are treated at
an early stage, they show a favorable outcome after
endoscopic or surgical treatment [2—4]. However, some
patients show a poor outcome even after receiving curative
surgery [5]. This may be due to the aggressiveness of the
tumor cells, or genetic mutations and aberrant expression
of adhesion molecules, which have also been shown to
accelerate tumor growth and metastatic potential. On the
other hand, several mechanisms allowing tumor escape
from the host immune system have been observed [6-8]. It
has been determined that the risk of recurrence partly
depends on the local immune response. Regulatory T cells
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(Treg) are a subpopulation of helper T cells that contribute
to cancer-related immunosuppression [9, 10]. Treg cells
were found to be significantly increased not only in the
peripheral blood, but also in the tumor stroma of cancer
patients. Forkhead box p3 (Foxp3) is a good marker for
discriminating Tregs from other lymphocytes [11]. Treg
cell infiltration into the tumor stroma has been reported in
ovarian [12], hepatocellular [13], renal cell [14], and gas-
tric cancers [15] and detailed in -clinicopathological
features.

Since the cancer-stroma immunocyte relationship has
been detailed, a strong correlation between cytotoxic T
cells and human leukocyte antigen (HLA) class I expres-
sion in tumor cells has been identified that eliminates tumor
cells and maintains antitumor immunological reactions in
the host. We previously reported on the clinical impact of
HLA class I expression in gastric cancer [16], and other
researchers have found an immune-evasion mechanism
from host cytotoxic T-lymphocytes (CTL) through loss of
HLA molecules on tumor cells in several cancers [17-20].
The clinical definition of HLA class I expression is under
debate, and there have been few studies on the analysis of
these two immunological markers, namely Treg cell infil-
tration and HLA class I expression, in gastrointestinal
cancer. Yet, these markers may be important for predicting
the responsiveness of the antitumor immune defense sys-
tem. Thus, in the current study, we tried to simultaneously
evaluate HLA class I expression and stromal Treg infil-
tration in gastric cancer, and we discussed their clinical
implications in gastric cancer.

Materials and methods

A total of 141 consecutive gastric cancer patients, who
received RO resection at Kagoshima University Hospital
between 2001 and 2005, were enrolled in the present study.
The patient group comprised 92 men and 36 women,
ranging in age from 31 to 82 years (mean 61 years). The
male-to-female ratio was 120:41. Sixty-five, 78, and 21
patients received total, distal, and proximal gastrectomy,
respectively. No patients received preoperative chemo-
therapy. All patients underwent RO resection with more
than D1 lymph node dissection. The study was approved by
the Institutional Review Board of Kagoshima University
School of Medicine. Clinical factors were assessed by the
Japanese Classification of Gastric Carcinoma [21].

Immunohistochemistry
Intratumoral Treg cell infiltration and cancerous HLA class I

expression were assessed according to previous reports [13,
16], and prepared specimens were visualized by avidin biotin
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complex (ABC) immunohistochemistry. Namely, paraffin-
embedded sections (4 pum), including tumor nests, were
obtained from the 141 gastric cancer patients, deparaffinized,
and soaked in PBS prior to immunohistochemical analysis.
Sections were treated with 3% H,0O, for 30 min in order to
block endogenous tissue peroxidase, followed by treatment
with bovine serum for 30 min in order to reduce nonspecific
binding. HLA class I monoclonal antibody (mouse mono-
clonal EMR8-5, Hokudo Japan) and FOXP3 (Ancell DAKO
Japan) antibody were diluted to 1:200 and 1:500, respec-
tively, and incubated with the sections for 2 h at room tem-
perature. EMR 8-5 is a novel monoclonal anti-pan HLA class
I heavy chain antibody reacting with paraffin-embedded
sections. Before treatment with primary antibody, sections
underwent antigen retrieval with 1% citrate buffer with 120
atoms of steam. Sections were rinsed in PBS and visualized
by standard techniques for labeled avidin—biotin immuno-
peroxidase staining. Then, HLA class I and Foxp3 were
visualized using the DAB Substrate Kit. The slides were
briefly counterstained with hematoxylin and aqueously
mounted.

Evaluation of Treg cell infiltration and HLA class I
positivity in gastric cancer

The positivity of cancerous HLA class I and Foxp3-positive
cells were identified in the cell membrane (Fig. 1) and
nucleus (Fig. 2), respectively. HLA positivity and degree of
infiltrating Foxp3-positive cells were evaluated according
to previous reports [13, 16]. Namely, the positivity of HLA
class I was calculated in 10 representative high-power fields
(400x) not only in each tumor nest, but also at the invasive
front of the tumor. If the percentage of HLA class I posi-
tivity exceeded 10%, the cases were regarded as HLA class
I-positive. The absolute number of Foxp3-positive lym-
phocytes was counted in 10 high-power fields (HPFs) at
400x and averaged. Group with high and low numbers of
Foxp3-positive cell infiltration were distinguished based on
the average Foxp3-positive cell infiltration; patients with
more than 10/HPF-positive cells were regarded as a Foxp3-
positive group. All immunostained slides were evaluated by
two independent observers (SI and AT) who were unaware
of the clinical data or disease outcome. Clinicopathological
factors were described according to the general rules of
gastric cancer in Japan [21].

Statistical analysis

Statistical analysis of clinical features between the HLA and
Foxp3 groups was performed by the > test. Association
between degree of Foxp3-positive cell infiltration and the
degree of HLA class I positivity was compared by Pearson’s
correlation coefficient. Survival curves were produced using
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Fig. 1 HLA class I positivity in gastric cancer (right differentiated adenocarcinoma, left undifferentiated adenocarcinoma). HLA class 1
positivity was identified in the membrane of cancer cells and in infiltrating stromal cells

Fig. 2 Foxp3-positive cells infiltrated cancerous stroma (right) and lymph follicles (left). Foxp3 positivity was identified in the nucleus of

lymphocytes

the Kaplan—Meier method, and statistical significance was
calculated using the generalized Wilcoxon method. Multi-
variate analysis was performed to determine prognostic
factors. A P value <0.05 was considered significant.

Results

Distribution of HLA class I and Treg cells in gastric
cancer

HLA class I was partially identified in the cell membrane
of cancer cells and infiltrating cells in the stroma (Fig. 1).
Treg cells were identified as Foxp3-positive cells in can-
cerous stroma. Foxp3 positivity was found in the nucleus of
infiltrating lymphocytes (Fig. 2).

Evaluation of HLA class I positivity and Treg cell
infiltration in the cancer nest

HLA class I positivity was estimated from 0 to 100%
(average 56%), and Foxp3-positive cell infiltration ranged
from O to 112 (average 12 + 10). According to a previous
evaluation of HLA class I expression and Treg cell

infiltration, 141 patients were divided into two groups (89
in the HLA class I-positive group and 52 in the HLA class
I-negative group; 65 in the high Treg group and 76 in the
low Treg group).

Clinicopathological features of HLA class I-positive
or Treg infiltration in gastric cancer

We selected seven significant clinical factors in gastric
cancer, as shown in Table 1. Among these factors, only
depth of tumor invasion was negatively associated with
HLA class I expression (P < 0.05). Foxp3-positive cell
infiltration did not correlate with any clinicopathological
markers, and other clinical factors did not associate with
HLA expression and Treg cells infiltration (Table 1).

Correlation between HLA class I positivity and Treg
infiltration in gastric cancer

The data in HLA class I and Foxp3 positivity were plotted,
and the correlation between HLA class I expression and
Treg cell infiltration was analyzed. HLA class I expression
did not correlate with Treg cell infiltration (r = 0.04
P = 0.1; Fig. 3).
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:;?r?ilceo;atﬁjggcil:;ol?ezz?zsee;l d Factors HLA class I Foxp3 cell infiltration
HLA class 1, and Foxp3-positive Positive (n = 89) Negative (n = 52) P value Many (n = 65) Few (n = 76) P value
cell infiltration in 141 gastric
cancer Age 64 61 n.s. 62 63 n.s.
Sex
Male 66 33 n.s. 42 57 n.s.
Female 23 21 23 19
T
T1 41 18 0.02 22 38 n.s.
T2 31 15 25 21
T3 17 18 18 17
N factor
NO 55 26 n.s. 32 49 n.s.
N1 16 10 12 14
N2 18 16 21 13
Ly factor
Yes 54 32 n.s. 45 41 n.s.
No 35 20 20 35
V factor
Yes 35 17 n.s. 30 22 n.s
No 54 35 35 54
Histology
N factor depth of invasion, Ly Diff 57 27 n.s. 35 49 n.§
factor lymphatic invasion, V Undiff 32 25 30 27
factor venous invasion, Diff Foxp3 cell
diffelrentiat'ed ader'locarcinoma, Many 44 21 s
Undiff undifferentiated
adenocarcinoma Few 45 31
' ' : ! ! was associated with a lower number of Treg cell infiltration
it A (P = 0.035; Fig. 4). The HLA class I-positive group ten-
e ded to have a better postoperative outcome; however, there
= 80 were no significant differences between HLA class I pos-
-% - itivity and survival (Fig. 5). A combination of HLA and
a Treg cell infiltration was analyzed. Patients who were HLA
40 class I-positive and had a low number of Treg cell infil-
E-E tration had a significantly better outcome than patients who
Z.f 01 were HLA-negative and had high levels of Treg cell
é 0 infiltration (P = 0.02; Fig. 6).

0 10 20 30 40 50 60
Foxp3 positive cell infiltration /HPF (x 400)

Fig. 3 Correlation between HLA class I positivity and Foxp3 cell
infiltration. There was no significant correlation between HLA class 1
positivity and Foxp3 cell infiltration (» = 0.04, P = 0.1)

Survival analyses of HLA class I-positive and/or Treg
cell infiltration in gastric cancer patients

The 5-year survival rate of patients in the high Treg cell

group was 53%, which was significantly less than patients
in the low Treg cell group. A better postoperative outcome
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Discussion

It has been reported that multiplying different antitumor
immunological markers can more correctly evaluate
behaviors of cancers. Surprisingly, Gallon et al. [22]
showed that multiplying immunological markers is a better
prognostic marker that exceeds TNM classification. In the
current study, we selected two immunological markers,
HLA class I expression and Treg cell infiltration, which
function by different immunological mechanisms. By
considering each immunological mechanism underlying
HLA class I expression and Treg cell infiltration, we
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Fig. 4 Survival curves of 141 gastric cancer patients according to
Foxp3-positive cell infiltration. Foxp3 many group showed signifi-
cantly poorer outcome than Foxp3 little group (P = 0.033)
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Fig. 5 Survival curves of 141 gastric cancer patients according to a
combination of HLA class I expression and Foxp3 cell infiltration.
HLA class I (+) and Foxp3 little infiltration patients showed better
outcome than HLA class I (—) and Foxp3 many infiltration
significantly (P = 0.02)
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Fig. 6 Survival curves of 141 gastric cancer according to combina-
tion of HLA class I and Foxp3 cell infiltration

speculated that these two markers may act independently,
and we did not identify a significant correlation between
these two factors in the present study.

HLA class I expression on tumor cells is believed to be
essential for recognizing antigens on antigen-presenting
cells [23, 24]. For immunotherapy-induced antitumor
immune responses, HLA class I expression on tumor cells
is one of the key molecules that recognize autologous
tumors by tumor-specific cytotoxic T cells. In the current
study, HLA class I-positive gastric cancer patients tended
to have a better postoperative outcome. However, we could
not show a definitively better postoperative outcome in
HLA class I-positive gastric cancer patients, as has been
shown for patients with bladder [25] and esophageal cancer
[26]. It has been demonstrated that HLA class I expression
on tumor cells altered exogenous stimulation such as gas-
tritis and Helicobacter pylori [16]. Therefore, HLA class I
expression in gastric cancer cannot directly evaluate the
ability of antigen presentation for antitumor antigen-spe-
cific CTL in gastric cancer.

It has been reported that Treg cell infiltration in the
tumor nest is a good indicator of local immunosuppression
in several cancers [27-31]. In the current study, we also
found an inverse prognostic significance of Treg infiltration
in itself without association of TNM factors. Treg infil-
tration seems to be able to solely function as a strong
suppressive immunological marker in gastric cancer.
Considering the mechanism of these markers, although
inverse correlation was predicted, we found no correlation
between Treg cell infiltration and HLA class I expression
in cancerous tissue. The simultaneous evaluation of Treg
cell infiltration and HLA class I expression in gastric
cancer may have clinical merit in different aspects of
immune function. In the current study, we showed that
analyzing a combination of HLA class I expression and
Treg cell infiltration more accurately evaluated patients’
outcome in gastric cancer. Kruijf et al. [20] simultaneously
evaluated HLA class I expression and Treg cell infiltration
in early breast cancer. This is the second report detailing
the simultaneous evaluation of the combination of HLA
class I expression and Treg cell infiltration. Kruijf et al.
showed that both prognostic efficacy and chemotherapeutic
efficacy could be predicted by these two immunological
markers. Recently, the accumulation of tumor-infiltrating
lymphocytes (TILs) closely correlated with chemothera-
peutic efficacy and patient survival [32, 33]. In this study,
141 gastric cancer patients did not receive preoperative
chemotherapy. Upon the advent of new anticancer agents
for gastric cancer, the degree of Treg cell infiltration may
be a good indicator of responsiveness to chemotherapy.

Recently, Coe et al. [34] showed normalization of
the immunosuppressive condition with anti-GITR mAb
targeting Tregs. Cohen et al. [35] also demonstrated that anti-
GITR mAbs deleted the number of Tregs as an immuno-
therapeutic strategy for melanoma. On the contrary, to
normalize cytotoxic signaling from antigen-presenting
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cells to T cells in HLA class I-negative cancer cells, Ferris
et al. [36] suggested that intralesional administration of
IFN-gamma induced restoration of HLA class I expression
on tumor cells. To the contrary, Garrido et al. [37] showed
some HLA class I lesions were irreversible and did not
respond to IFN treatment. Anyway, we must pay attention
to the restoration of HLA class I expression in identifying
loss of HLA class I of tumor cells. According to the deficit
in antitumor mechanisms, we must change the treatment
strategy to normalize the local immune response.

In conclusion, a combination of HLA class I expression
and Treg cells infiltration may be a promising prognostic
marker in gastric cancer. According to each immunological
deviation, therapeutic strategies must be altered when
patients are treated by immune therapy in the perioperative
course.
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