
Abstract. Background: A recent study demonstrated that
immune-checkpoint molecules are associated with tumoral
immune evasion. Materials and Methods: Programmed cell
death protein 1 (PD-1) expression on CD4+ and CD8+
T-cells obtained from gastric cancer tissue was evaluated by
multicolor flow cytometry. Immunohistochemical staining
was also performed to evaluate programmed cell death
ligand-1 (PD-L1) expression on gastric cancer cells. Results:
There were statistically significant correlations between 
PD-L1 expression and age, histology, tumor size, depth of
invasion, lymph node metastasis, lymphatic vessel invasion,
venous invasion, and disease stage. The 5-year survival rates
of patients with and without PD-L1–positive tumors were
48.9% and 80.7%, respectively, and the difference was
statistically significant. Multivariate analysis indicated that
PD-L1 expression was an independent prognostic indicator.
The frequency of PD-1-positive CD4+ and CD8+ T-cells
from gastric cancer tissue with PD-L1 expression was
significantly more than that from gastric cancer tissue
without PD-L1 expression. Conclusion: PD-L1 expression
was related to a poor prognosis in patients with gastric
cancer. Furthermore, PD-1 expression on T-cells was up-
regulated in patients with tumors with PD-L1 expression.

Gastric cancer is one of the most common malignancies.
Although the prognosis of gastric carcinoma has improved
because of the greater availability of diagnostic techniques
and more effective intraoperative and postoperative care,
gastric cancer still ranks second among all cancer-related
deaths worldwide (1). 

Cancer immunotherapy is now receiving considerable
attention because of the success of immune-checkpoint
inhibitors [e.g. antibodies to programmed cell death protein 1
(PD-1) and cytotoxic T-lymphocyte antigen-4 (CTLA-4)] in
the treatment of various tumor types (2-4). These successes
indicate that effective immunity to cancer cells can be induced
even in patients with cancer. Many cancer cells express tumor
antigens that render them susceptible to recognition and lysis
by T-cells (5). However, spontaneous rejection of established
tumors is rare because cancer cells frequently use
physiological immunosuppressive mechanisms to escape from
host immunity, a phenomenon known as tumoral immune
evasion. Although the detailed mechanisms responsible for
tumoral immune evasion remains unclear, some reported
mechanisms include the secretion of immunosuppressive
cytokines and the presence of immune-regulatory cells,
including regulatory T-cells (6) and myeloid-derived
suppressor cells (7). A recent study demonstrated that
immune-checkpoint molecules also seem to be associated with
tumoral immune evasion. In this regard, programmed cell
death ligand-1 (PD-L1) overexpression has been demonstrated
in various types of cancer (8-13). PD-L1 is the ligand for PD-
1, a well-known immune-checkpoint molecule (8, 14). PD-L1
is usually expressed in antigen-presenting cells, such as
dendritic cells, macrophages, and monocytes. PD-1/PD-L1
interactions contribute to the maintenance of peripheral
tolerance of self-antigens in normal hosts (9). Mounting
evidence suggests that PD-L1 expression on solid tumors
dampens antitumor T-cell responses (8-13). Blockage of PD-
L1 inhibited tumor growth or delayed tumor progression in
multiple murine models (12, 13, 15, 16), and adoptive transfer
of tumor-specific PD-1−/− T-cell receptor transgenic T-cells
rejected tumors even when CTLA-4−/− transgenic T-cells were
unable to (10). Moreover, PD-L1 tumor expression has been
shown to correlate with an inferior clinical outcome in various
solid human malignancies (17-21). In contrast, however, there
are conflicting reports with regard to the correlation between
PD-L1 expression and prognosis in patients with gastric
cancer. Eto et al. reported that PD-L1 expression was an
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independent prognostic factor after curative resection of
gastric cancer (22). Conversely, Kawazoe et al. reported that
PD-L1 expression was not associated with a poor prognosis
in patients with gastric cancer (23). Chang et al. demonstrated
that PD-L1 expression in gastric adenocarcinoma was a poor
prognostic factor among patients with high levels of CD8+
tumor-infiltrating lymphocytes (24), indicating the possibility
that the effect of PD-L1 on prognosis depends on the status of
lymphocytes in patients with gastric cancer. PD-L1 delivers a
negative signal to lymphocytes by binding to PD-1 expressed
on lymphocytes, thus inducing functional impairment of the
lymphocytes. PD-1 expression on lymphocytes is also likely
to be related to the effect of PD-L1 on prognosis. However,
no reports have shown a correlation between PD-L1
expression on cancer cells and PD-1 expression on
lymphocytes. In the current study, therefore, we investigated
the correlation between PD-L1 expression and prognosis in
patients with gastric cancer. Furthermore, we determined the
correlation between PD-L1 expression on cancer cells and PD-
1 expression on lymphocytes.

Materials and Methods
Patients and normal donors. In total, 157 patients pathologically
diagnosed with gastric adenocarcinoma and treated at Tottori
University Hospital were enrolled in the present study. The study
protocol was approved by the Institutional Review Board at Tottori
University Hospital (Yonago, Japan; Approval number 1705A040).
None of the patients received radiotherapy, chemotherapy, or other
medical interventions before surgery. The clinicopathological
findings were determined according to the Japanese Classification
of Gastric Carcinoma (25).

Immunohistochemistry. Tissue samples were fixed in formalin and
embedded in paraffin. Serial sections were cut at 4 μm, dewaxed,
deparaffinized in xylene, and rehydrated through a graded alcohol
series. For retrieval of PD-L1, the sections were boiled for 15 min
in a microwave oven in citrate buffer (pH 9.0). The samples were
incubated in 3% hydrogen peroxidase for 10 min to block
endogenous peroxidases and in Block Ace (DS Pharma Biomedical,
Osaka, Japan) for 20 min to prevent nonspecific antigen binding. The
slides were subsequently incubated with rabbit polyclonal anti-PD-
L1 (Cell Signaling Technology, Danvers, MA, USA) for 1 h at room
temperature. Secondary antibody binding was detected with
Histofine Simple Stain MAX-PO (Nichirei, Tokyo, Japan), and the
sections were developed with Histofine DAB Solution (Nichirei) and
counterstained with Mayer’s hematoxylin. The presence of cells
positive for PD-L1 on each slide was determined in a blinded
manner. Five high-power fields were randomly selected, and the
percentage of positive cells in these fields was counted. Patterns with
≥5% positive cells were considered positive, and those with <5%
positive cells were considered negative, as described previously (26). 

Flow cytometric analysis. Freshly excised tumor tissues were minced
and digested with 1.5 mg/ml of collagenase D (Wako Pure Chemical
Industries Ltd., Osaka, Japan). The resulting cell suspensions were
filtered through a mesh filter (Becton Dickinson, Franklin Lakes, NJ,

USA). Cells were passed through a mesh filter and used for
fluorescence-activated cell sorting analysis performed using a
FACSCalibur™ (Becton Dickinson). The following antibodies were
used to classify cells: anti-CD3-phycoerythrin (PE)-Cy5 (BioLegend,
San Diego, CA, USA), anti-CD4-fluorescein (FITC), anti-CD8-
FITC, and anti-PD-1-PE (all from Becton Dickinson).

Statistical analysis. Between-group differences were analyzed by
the Mann–Whitney U-test. Disease-specific survival was calculated
according to the Kaplan–Meier method and compared using the log-
rank test. Patients who died of causes other than gastric cancer were
considered lost to follow-up at the time of death. Multivariate
analysis of factors prognostic for disease-specific survival was
performed using a Cox proportional hazards model and a stepwise
procedure. Statistical significance was defined as p<0.05. Statistical
analyses were performed with GraphPad Prism (GraphPad Software,
La Jolla, CA, USA) and StatView 5.0 for Windows (SAS Institute,
Cary, NC, USA) software. 

Results

PD-L1 expression in gastric cancer tissue and clinicopatho-
logical characteristics. The expression of PD-L1 was evaluated
by immunohistochemical staining and was mainly located on the
membrane and in the cytoplasm of gastric cancer cells (Figure
1). Among the 157 patients included in the current study, 41
patients (26.8%) were considered to be PD-L1–positive. Table I
shows the correlation between the patient clinicopathological
characteristics and PD-L1 expression. Patients with PD-L1-
positive tumors were significantly older than those with PD-L1-
negative tumors (p=0.019). Undifferentiated adenocarcinoma
was observed more frequently in patients with PD-L1-positive
tumors than in those with PD-L1-negative tumors. Furthermore,
there were statistically significant correlations between PD-L1
expression and tumor size (p=0.003), depth of invasion
(p<0.0001), lymph node metastasis (p<0.0001), lymphatic
vessel invasion (p<0.0001), venous invasion (p=0.0003), and
disease stage (p<0.0001).

PD-L1 expression and prognosis. Among 153 patients who
underwent R0 resection, the 5-year survival rates of patients
with and those without PD-L1-positive tumors were 48.9%
and 80.7%, respectively (p<0.0001) (Figure 2). Furthermore,
the multivariate analysis indicated that PD-L1 expression,
depth of invasion, and blood vessel invasion were
independent prognostic indicators (Table II).

Correlation between PD-L1 expression on gastric cancer cells
and PD-1 expression on tumor-infiltrating lymphocytes. We then
evaluated PD-1 expression on CD4+ and CD8+ T-cells isolated
from gastric cancer tissues by flow cytometry. The frequency of
PD-1-positive CD4+ T-cells from gastric cancer tissue with PD-
L1 expression was significantly more than that from gastric
cancer tissue without PD-L1 expression (49.7%±10.4% versus
30.6%±9.7%, respectively; p<0.0001) (Figure 3). The frequency

ANTICANCER RESEARCH 38: 107-112 (2018)

108



of PD-1-positive CD8+ T-cells from gastric cancer tissue with
PD-L1 expression was also significantly more than that from
gastric cancer tissue without PD-L1 expression (42.5%±14.0%
versus 30.7%±14.7%, respectively; p=0.033) (Figure 4).

Discussion

PD-L1 is usually expressed on antigen-presenting cells, such
as dendritic cells, macrophages, and monocytes. Importantly,
PD-L1 expression on monocyte-derived myeloid dendritic
cells from both peripheral blood and cancer tissue is up-
regulated and associated with immune suppression in
patients with ovarian cancer (11). In this regard, we
previously demonstrated that tumor-associated macrophages
(TAMs) up-regulated PD-L1 expression in gastric cancer
tissue (27), indicating the possibility that PD-L1 expression
on TAMs is also associated with immune suppression in
gastric cancer. Other studies have demonstrated that PD-L1
is also expressed on a wide variety of tumors and is a
component of the immunosuppressive milieu (28, 29).
Overexpression of PD-L1 in gastric cancer cells was also

shown in the current study, indicating the presence of
abundant PD-L1-expressing cells in gastric cancer tissue. It
is likely that this phenomenon plays an important role in the
escape of tumor cells from host immune surveillance,
enabling tumor cell progression and metastasis to distant
organs because PD-1/PD-L1 interaction is strongly
associated with T-cell dysfunction. In fact, PD-L1 expression
was observed more frequently in advanced stage of the
disease. The present results indicate that PD-L1 expression
is significantly associated with a poor prognosis in patients
with gastric cancer. Furthermore, PD-L1 expression was an
independent prognostic indicator. These results indicate the
importance of PD-L1 in the progression of gastric cancer.
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Figure 1. Representative image of positive programmed cell death
ligand-1 expression in gastric cancer tissue (magnification ×400). 

Figure 2. Prognosis of patients with gastric cancer according to
programmed cell death ligand-1 (PD-L1) expression. The prognosis of
patients with PD-L1-positive gastric cancer was significantly worse
than that of patients with PD-L1-negative tumors.

Table I. Programmed cell death ligand-1 (PD-L1) expression and 
clinicopathologic characteristics

                                                                           PD-L1

                                                             Negative        Positive      p-Value
                                                              (n=115)           (n=42)
                                                                                                              
Age, years                                           66.4±11.0      71.2±13.0      0.019
Gender, n (%)                                                                                       
   Male                                                88 (76.5%)    32 (76.2%)      0.97
   Female                                            27 (23.5%)    10 (23.8%)          
Tumor size, (cm)                                  4.1±3.0          5.2±2.7        0.003
Histology, n (%)a                                                                              0.03
   Differentiated                                 58 (50.4%)    13 (31.0%)          
   Undifferentiated                             57 (49.6%)    29 (69.0%)          
Depth of invasion, n (%)                                                             <0.0001
   Early                                                67 (58.3%)     7 (16.7%)           
   Advanced                                        48 (41.7%)    35 (83.3%)          
Lymph node metastasis, n (%)                                  <0.0001
   Absent                                             79 (68.7%)     9 (21.4%)           
   Present                                            36 (31.3%)    33 (78.6%)          
Lymphatic vessel invasion, n (%)                             <0.0001
   Absent                                             45 (39.1%)      2 (4.8%)            
   Present                                            70 (60.9%)    40 (95.2%)          
Blood vessel invasion, n (%)                                      0.0003
   Absent                                             53 (46.1%)     6 (14.3%)           
   Present                                            62 (53.9%)    36 (85.7%)          
Stage of disease, n (%)                                                                 <0.0001
   I/II                                                   93 (80.9%)    19 (45.2%)          
   III/IV                                               22 (19.1%)    23 (54.8%)          
                                                                                   
aDifferentiated, papillary, or tubular adenocarcinoma; undifferentiated,
poorly differentiated, mucinous adenocarcinoma, and signet-ring cell
carcinoma.



Although tumor cells and TAMs overexpress PD-L1, these
cells are unable to deliver a negative signal to T-cells without
binding to the PD-1 expressed on T-cells. PD-1 expression is
usually observed in activated T-cells. In acute infections, PD-
1 is upregulated upon T cell activation but declines with
resolution of the infection and establishment of memory (30).
In contrast, exhausted antigen-specific CD8+ T-cells have been
observed in chronic human immunodeficiency virus and
hepatitis B and C virus infections in humans, as well as Simian
immunodeficiency virus infection in monkeys. Recent work
has shown that these exhausted viral-specific T-cells express
high levels of PD-1 and that blockade of the PD-1 pathway can
enhance in vitro T-cell responses (31), indicating that PD-1
expressed on T-cells plays an important role in exhausting T-
cells in chronic viral infections. Interestingly, like chronic
infections, tumors may also exploit the PD-1 pathway to evade
eradication by the immune system. In fact, Matsuzaki et al.
recently demonstrated that tumor-infiltrating NY-ESO-1-
specific CD8+ T-cells up-regulated PD-1 expression, which
resulted in suppression of those CD8+ T-cells (32).
Furthermore, we previously demonstrated that both CD4+ and
CD8+ T-cells up-regulated PD-1 expression in both the
circulation and gastric cancer tissue in patients with gastric
cancer (33). We also demonstrated that PD-1 expression was
significantly higher in T-cells obtained from gastric cancer
tissue than circulating T-cells, indicating the possibility that the
tumor microenvironment induces PD-1 expression in patients
with gastric cancer (33). Therefore, we determined the
correlation between PD-L1 expression on tumor cells and PD-

1 expression on T-cells obtained from gastric cancer tissue and
found that the frequency of PD-1-positive CD4+ and CD8+ T-
cells obtained from gastric cancer tissue with PD-L1
expression was significantly more than that from gastric cancer
tissue without PD-L1 expression, indicating the close
correlation between PD-L1 expression on tumor cells and PD-
1 expression on T-cells in the tumor microenvironment. This
result indicates the possibility that the same factor might induce
up-regulation of both PD-L1 and PD-1. With regard to factors
associated with up-regulation of PD-L1, Abiko et al. reported
that interferon-gamma was responsible for the up-regulation of
PD-L1 expression on cancer cells and TAMs (34). Previous
reports have demonstrated that up-regulation of PD-1 on CD8+
T-cells is related to interleukin (IL)-10 and IL-6, but not
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Figure 3. Programmed cell death protein 1 (PD-1) expression on CD4+ (A) and CD8+ (B) T-cells according to programmed cell death ligand-1
(PD-L1) expression on gastric cancer tissues. The frequency of PD-1-positive CD4+ T-cells obtained from PD-L1-positive gastric cancer tissue was
significantly more than that from PD-L1-negative gastric cancer tissue. The frequency of PD-1-positive CD8+ T-cells obtained from PD-L1-positive
gastric cancer tissue was significantly more than that from PD-L1-negative gastric cancer tissue.

Table II. Multivariate analyses of prognostic factors for disease-specific
survival in patients with gastric cancer.

                                                                     HR         95% CI        p-Value

Factor                                                                                                    
Depth of invasion (T: 1, 2, 3, 4)a             2.277    1.222-4.241     0.0095
Blood vessel invasion (v: 0, 1, 2, 3)b       2.161    1.322-3.532     0.0021
PD-L1 (positive vs. negative)                   2.451    1.019-5.882      0.045

HR: Hazard ratio; CI: confidence interval. aT1, Tumor invasion of the
lamina propria or submucosa; T2, tumor invasion of the muscularis
propria; T3, tumor invaded the subserosa; T4, tumor invasion is contiguous
with or extends beyond the serosa or the tumor invades adjacent structures.
bBlood vessel invasion: v0-v3, grade of venous invasion.



transforming growth factor-beta. We previously reported that
the serum IL-6 concentration was significantly higher in
patients with gastric cancer than in healthy controls (35). In
addition, we also demonstrated that gastric cancer cells produce
IL-10 (36). Previous reports have also demonstrated that PD-
L1 up-regulation is related to soluble factors, such as IL-6 and
IL-10 (37, 38). Therefore, these cytokines may be responsible
for the up-regulation of both PD-1 and PD-L1 observed in the
current study. Further investigations to clarify the mechanisms
responsible for PD-1 and PD-L1 up-regulation in gastric cancer
are urgently required.

The efficacy of the anti-PD-1 antibodies nivolumab and
pembrolizumab for the treatment of cancer has been
demonstrated in previous studies (3, 4). A recent study also
indicated that pembrolizumab was effective for the treatment
of gastric cancer (39). Furthermore, anti-PD-L1 for the
treatment of cancer is under investigation. Considering the up-
regulation of both PD-1 and PD-L1 in the tumor
microenvironment of gastric cancer, it is highly expected that
antibody to PD-L1 will also be effective for the treatment of
gastric cancer. Conversely, our data suggest the presence of
some factors that upregulated both PD-1 and PD-L1 in the
tumor microenvironment of gastric cancer. These factors might
be the next targets with which to develop more effective
treatments for gastric cancer. Immunotherapy that targets
factors responsible for up-regulation of PD-1 and PD-L1 might
provide a breakthrough in the treatment of gastric cancer.

In conclusion, PD-L1 expression was related to a poor
prognosis in patients with gastric cancer. Furthermore, 
PD-1 expression on T-cells was up-regulated in tumors with
PD-L1 expression. Therefore, immunotherapy that targets
factors responsible for the up-regulation of PD-1 and PD-L1
might provide a breakthrough in the treatment of gastric cancer.

Human Rights Statement and Informed Consent
All procedures followed were in accordance with the ethical
standards of the responsible committee on human experimentation
(institutional and national) and with the Helsinki Declaration of
1964 and later versions. Informed consent or substitute for it was
obtained from all patients for being included in the study.

Conflicts of Interest
The Authors declare that they have no conflict of interest in regard
to this study.

References
1 Jemal A, Bray F, Center MM, Ferlay J, Ward E and Forman D:

Global cancer statistics. CA Cancer J Clin 61: 69-90, 2011.
2 Hodi FS, O'Day SJ, McDermott DF, Weber RW, Sosman JA,

Haanen JB, Gonzalez R, Robert C, Schadendorf D, Hassel JC,
Akerley W, van den Eertwegh AJ, Lutzky J, Lorigan P, Vaubel
JM, Linette GP, Hogg D, Ottensmeier CH, Lebbe C, Peschel C,

Quirt I, Clark JI, Wolchok JD, Weber JS, Tian J, Yellin MJ,
Nichol GM, Hoos A and Urba WJ: Improved survival with
ipilimumab in patients with metastatic melanoma. N Engl J Med
363: 711-723, 2010.

3 Brahmer J, Reckamp KL, Baas P, Crino L, Eberhardt WE,
Poddubskaya E, Antonia S, Pluzanski A, Vokes EE, Holgado E,
Waterhouse D, Ready N, Gainor J, Aren Frontera O, Havel L,
Steins M, Garassino MC, Aerts JG, Domine M, Paz-Ares L,
Reck M, Baudelet C, Harbison CT, Lestini B and Spigel DR:
Nivolumab versus docetaxel in advanced squamous-cell non-
small-cell lung cancer. N Engl J Med 373: 123-135, 2015.

4 Postow MA, Chesney J, Pavlick AC, Robert C, Grossmann K,
McDermott D, Linette GP, Meyer N, Giguere JK, Agarwala SS,
Shaheen M, Ernstoff MS, Minor D, Salama AK, Taylor M, Ott
PA, Rollin LM, Horak C, Gagnier P, Wolchok JD and Hodi FS:
Nivolumab and ipilimumab versus ipilimumab in untreated
melanoma. N Engl J Med 372: 2006-2017, 2015.

5 Urban JL and Schreiber H: Tumor antigens. Annu Rev Immunol
10: 617-644, 1992.

6 Saito T, Nishikawa H, Wada H, Nagano Y, Sugiyama D, Atarashi
K, Maeda Y, Hamaguchi M, Ohkura N, Sato E, Nagase H,
Nishimura J, Yamamoto H, Takiguchi S, Tanoue T, Suda W,
Morita H, Hattori M, Honda K, Mori M, Doki Y and Sakaguchi
S: Two FOXP3(+)CD4(+) T-cell subpopulations distinctly control
the prognosis of colorectal cancers. Nat Med 22: 679-684, 2016.

7 Umansky V, Blattner C, Gebhardt C and Utikal J: The Role of
myeloid-derived suppressor cells (MDSC) in cancer progression.
Vaccines 4, 2016.

8 Dong H, Zhu G, Tamada K and Chen L: B7-H1, a third member
of the B7 family, co-stimulates T-cell proliferation and
interleukin-10 secretion. Nat Med 5: 1365-1369, 1999.

9 Keir ME, Freeman GJ and Sharpe AH: PD-1 regulates self-
reactive CD8+ T-cell responses to antigen in lymph nodes and
tissues. J Immunol 179: 5064-5070, 2007.

10 Blank C, Brown I, Peterson AC, Spiotto M, Iwai Y, Honjo T and
Gajewski TF: PD-L1/B7H-1 inhibits the effector phase of tumor
rejection by T-cell receptor (TCR) transgenic CD8+ T-cells.
Cancer Res 64: 1140-1145, 2004.

11 Curiel TJ, Wei S, Dong H, Alvarez X, Cheng P, Mottram P,
Krzysiek R, Knutson KL, Daniel B, Zimmermann MC, David
O, Burow M, Gordon A, Dhurandhar N, Myers L, Berggren R,
Hemminki A, Alvarez RD, Emilie D, Curiel DT, Chen L and
Zou W: Blockade of B7-H1 improves myeloid dendritic cell-
mediated antitumor immunity. Nat Med 9: 562-567, 2003.

12 Hirano F, Kaneko K, Tamura H, Dong H, Wang S, Ichikawa M,
Rietz C, Flies DB, Lau JS, Zhu G, Tamada K and Chen L:
Blockade of B7-H1 and PD-1 by monoclonal antibodies potentiates
cancer therapeutic immunity. Cancer Res 65: 1089-1096, 2005.

13 Strome SE, Dong H, Tamura H, Voss SG, Flies DB, Tamada K,
Salomao D, Cheville J, Hirano F, Lin W, Kasperbauer JL,
Ballman KV and Chen L: B7-H1 blockade augments adoptive
T-cell immunotherapy for squamous cell carcinoma. Cancer Res
63: 6501-6505, 2003.

14 Freeman GJ, Long AJ, Iwai Y, Bourque K, Chernova T,
Nishimura H, Fitz LJ, Malenkovich N, Okazaki T, Byrne MC,
Horton HF, Fouser L, Carter L, Ling V, Bowman MR, Carreno
BM, Collins M, Wood CR and Honjo T: Engagement of the PD-
1 immunoinhibitory receptor by a novel B7 family member leads
to negative regulation of lymphocyte activation. J Exp Med 192:
1027-1034, 2000.

Saito et al: PD-L1 Expression in Gastric Cancer

111



15 Dong H, Strome SE, Salomao DR, Tamura H, Hirano F, Flies DB,
Roche PC, Lu J, Zhu G, Tamada K, Lennon VA, Celis E and Chen
L: Tumor-associated B7-H1 promotes T-cell apoptosis: a potential
mechanism of immune evasion. Nat Med 8: 793-800, 2002.

16 Iwai Y, Ishida M, Tanaka Y, Okazaki T, Honjo T and Minato N:
Involvement of PD-L1 on tumor cells in the escape from host
immune system and tumor immunotherapy by PD-L1 blockade.
Proc Natl Acad Sci USA 99: 12293-12297, 2002.

17 Thompson RH, Gillett MD, Cheville JC, Lohse CM, Dong H,
Webster WS, Krejci KG, Lobo JR, Sengupta S, Chen L, Zincke
H, Blute ML, Strome SE, Leibovich BC and Kwon ED:
Costimulatory B7-H1 in renal cell carcinoma patients: Indicator
of tumor aggressiveness and potential therapeutic target. Proc
Natl Acad Sci USA 101: 17174-17179, 2004.

18 Hamanishi J, Mandai M, Iwasaki M, Okazaki T, Tanaka Y,
Yamaguchi K, Higuchi T, Yagi H, Takakura K, Minato N, Honjo
T and Fujii S: Programmed cell death 1 ligand 1 and tumor-
infiltrating CD8+ T-lymphocytes are prognostic factors of human
ovarian cancer. Proc Natl Acad Sci USA 104: 3360-3365, 2007.

19 Inman BA, Sebo TJ, Frigola X, Dong H, Bergstralh EJ, Frank I,
Fradet Y, Lacombe L and Kwon ED: PD-L1 (B7-H1) expression
by urothelial carcinoma of the bladder and BCG-induced
granulomata: associations with localized stage progression.
Cancer 109: 1499-1505, 2007.

20 Wu C, Zhu Y, Jiang J, Zhao J, Zhang XG and Xu N:
Immunohistochemical localization of programmed death-1
ligand-1 (PD-L1) in gastric carcinoma and its clinical
significance. Acta Histochem 108: 19-24, 2006.

21 Nomi T, Sho M, Akahori T, Hamada K, Kubo A, Kanehiro H,
Nakamura S, Enomoto K, Yagita H, Azuma M and Nakajima Y:
Clinical significance and therapeutic potential of the
programmed death-1 ligand/programmed death-1 pathway in
human pancreatic cancer. Clin Cancer Res 13: 2151-2157, 2007.

22 Eto S, Yoshikawa K, Nishi M, Higashijima J, Tokunaga T,
Nakao T, Kashihara H, Takasu C, Iwata T and Shimada M:
Programmed cell death protein 1 expression is an independent
prognostic factor in gastric cancer after curative resection.
Gastric Cancer 19: 466-471, 2016.

23 Kawazoe A, Kuwata T, Kuboki Y, Shitara K, Nagatsuma AK,
Aizawa M, Yoshino T, Doi T, Ohtsu A and Ochiai A:
Clinicopathological features of programmed death ligand 1
expression with tumor-infiltrating lymphocyte, mismatch repair
and Epstein-Barr virus status in a large cohort of gastric cancer
patients. Gastric Cancer 20: 407-415, 2016.

24 Chang H, Yong Jung W, Kang Y, Lee H, Kim A, Kyeom Kim H,
Kyung Shin B and Kim BH: Programmed death-ligand 1
expression in gastric adenocarcinoma is a poor prognostic factor
in a high CD8+ tumor-infiltrating lymphocytes group. Oncotarget
7: 80426-80434, 2016.

25 Japanese Gastric Cancer Association: Japanese Classification of
Gastric Carcinoma: Third English Edition. Gastric Cancer 14: 101-
112, 2011.

26 Herbst RS, Soria JC, Kowanetz M, Fine GD, Hamid O, Gordon
MS, Sosman JA, McDermott DF, Powderly JD, Gettinger SN,
Kohrt HE, Horn L, Lawrence DP, Rost S, Leabman M, Xiao Y,
Mokatrin A, Koeppen H, Hegde PS, Mellman I, Chen DS and Hodi
FS: Predictive correlates of response to the anti-PD-L1 antibody
MPDL3280A in cancer patients. Nature 515: 563-567, 2014.

27 Matsunaga T, Saito H and Ikeguchi M: Increased B7-H1 and B7-
H4 expressions on circulating monocytes and tumor-associated

macrophages are involved in immune evasion in patients with
gastric cancer. Yonago Acta Medica 54: 1-10, 2011.

28 Brown JA, Dorfman DM, Ma FR, Sullivan EL, Munoz O, Wood
CR, Greenfield EA and Freeman GJ: Blockade of programmed
death-1 ligands on dendritic cells enhances T-cell activation and
cytokine production. J Immunol 170: 1257-1266, 2003.

29 Dong H and Chen L: B7-H1 pathway and its role in the evasion
of tumor immunity. J Mol Med 81: 281-287, 2003.

30 Barber DL, Wherry EJ, Masopust D, Zhu B, Allison JP, Sharpe
AH, Freeman GJ and Ahmed R: Restoring function in exhausted
CD8 T-cells during chronic viral infection. Nature 439: 682-687,
2006.

31 Keir ME, Butte MJ, Freeman GJ and Sharpe AH: PD-1 and its
ligands in tolerance and immunity. Annu Rev Immunol 26: 677-
704, 2008.

32 Matsuzaki J, Gnjatic S, Mhawech-Fauceglia P, Beck A, Miller
A, Tsuji T, Eppolito C, Qian F, Lele S, Shrikant P, Old LJ and
Odunsi K: Tumor-infiltrating NY-ESO-1-specific CD8+ T-cells
are negatively regulated by LAG-3 and PD-1 in human ovarian
cancer. Proc Natl Acad Sci USA 107: 7875-7880, 2010.

33 Saito H, Kuroda H, Matsunaga T, Osaki T and Ikeguchi M:
Increased PD-1 expression on CD4+ and CD8+ T-cells is
involved in immune evasion in gastric cancer. J Surg Oncol 107:
517-522, 2013.

34 Abiko K, Matsumura N, Hamanishi J, Horikawa N, Murakami
R, Yamaguchi K, Yoshioka Y, Baba T, Konishi I and Mandai M:
IFN-γ from lymphocytes induces PD-L1 expression and
promotes progression of ovarian cancer. Br J Cancer 112: 1501-
1509, 2015.

35 Ikeguchi M, Hatada T, Yamamoto M, Miyake T, Matsunaga T,
Fukumoto Y, Yamada Y, Fukuda K, Saito H and Tatebe S: Serum
interleukin-6 and -10 levels in patients with gastric cancer.
Gastric Cancer 12: 95-100, 2009.

36 Sakamoto T, Saito H, Tatebe S, Tsujitani S, Ozaki M, Ito H and
Ikeguchi M: Interleukin-10 expression significantly correlates
with minor CD8+ T-cell infiltration and high microvessel density
in patients with gastric cancer. Int J Cancer 118: 1909-1914,
2006.

37 Kryczek I, Zou L, Rodriguez P, Zhu G, Wei S, Mottram P,
Brumlik M, Cheng P, Curiel T, Myers L, Lackner A, Alvarez X,
Ochoa A, Chen L and Zou W: B7-H4 expression identifies a
novel suppressive macrophage population in human ovarian
carcinoma. J Exp Med 203: 871-881, 2006.

38 Kuang DM, Zhao Q, Peng C, Xu J, Zhang JP, Wu C and Zheng
L: Activated monocytes in peritumoral stroma of hepatocellular
carcinoma foster immune privilege and disease progression
through PD-L1. J Exp Med 206: 1327-1337, 2009.

39 Muro K, Chung HC, Shankaran V, Geva R, Catenacci D, Gupta
S, Eder JP, Golan T, Le DT, Burtness B, McRee AJ, Lin CC,
Pathiraja K, Lunceford J, Emancipator K, Juco J, Koshiji M and
Bang YJ: Pembrolizumab for patients with PD-L1-positive
advanced gastric cancer (KEYNOTE-012): a multicentre, open-
label, phase 1b trial. Lancet Oncol 17: 717-726, 2016.

Received October 23, 2017
Revised November 7, 2017

Accepted November 10, 2017

ANTICANCER RESEARCH 38: 107-112 (2018)

112


