
Negative influence of programmed death-1-ligands
on the survival of esophageal cancer patients
treated with chemotherapy
Koji Tanaka,1 Hiroshi Miyata,1 Keijiro Sugimura,1 Takashi Kanemura,1 Mika Hamada-Uematsu,2 Yu Mizote,2,3

Makoto Yamasaki,1 Hisashi Wada,1 Kiyokazu Nakajima,1 Shuji Takiguchi,1 Masaki Mori,1 Yuichiro Doki1 and
Hideaki Tahara2

1Department of Gastroenterological Surgery, Graduate School of Medicine, Osaka University, Suita, Osaka; 2Department of Surgery and Bioengineering,
Advanced Clinical Research Center, Institute of Medical Science, University of Tokyo, Tokyo; 3Sanofi K.K., Tokyo, Japan

Key words

Chemotherapy, esophageal cancer, prognosis, pro-
grammed death-1-ligand, programmed death-2-ligand

Correspondence

Hideaki Tahara, Department of Surgery and Bioengineer-
ing, Advanced Clinical Research Center, Institute of Medi-
cal Science, University of Tokyo, Tokyo 108-8639, Japan.
Tel: 81-3-5449-5345; Fax: 81-3-5449-5444;
E-mail: tahara@ims.u-tokyo.ac.jp

Funding Information
This work was supported in part by Grants in-Aid for
Scientific Research from the Japanese Ministry of Educa-
tion, Culture, Sports Science and Technology.

Received February 13, 2016; Accepted March 16, 2016

Cancer Sci 107 (2016) 726–733

doi: 10.1111/cas.12938

The programmed death-1 ⁄programmed death-1 ligands (PD-1 ⁄ PD-L) pathway plays

an important role in immunological tumor evasion. However, the clinical signifi-

cance of the PD-L (L1 and L2) expression in esophageal cancer treated with

chemotherapy has not been fully investigated. We examined the expression of PD-

L of the primary tumors obtained from 180 esophageal cancer patients who under-

went radical resection with or without neoadjuvant chemotherapy (NAC) using

immunohistochemical staining. The relationship between the expression patterns

and clinico-pathological characteristics was examined. In the present study, 53

patients (29.4%) and 88 patients (48.3%) were classified into positive for PD-L1 and

PD-L2 expression, respectively. In all the patients examined, overall survival rates

of the patients with tumors positive for PD-L1 or PD-L2 were significantly worse

than those with tumors negative for PD-L1 or PD-L2 (P = 0.0010 and P = 0.0237,

respectively). However, subgroup analysis showed that these tendencies are only

found in the patients treated with NAC, and not in those without NAC. The patients

with positive PD-L1 expression had a significantly higher rate of NAC history

(P = 0.0139), but those with positive PD-L2 expression did not have a significantly

high rate of NAC history (P = 0.6127). There is no significant relationship between

PD-L1 expression and response to chemotherapy (P = 0.3118), but patients with

positive PD-L2 expression had significantly inferior responses to chemotherapy

(P = 0.0034). The PD-1 ⁄ PD-L pathway might be an immunological mechanism asso-

ciated with the long-term effectiveness of chemotherapy in esophageal cancer

patients. Further investigation into the roles of PD-1 pathway in chemotherapy

could lead to the development of better treatment options for this disease.

E sophageal cancer is the eighth most common cancer in
the world and is the sixth leading cause of cancer

death.(1) It is one of the most aggressive and lethal malig-
nancies among gastrointestinal cancers because systematic
metastases occur in more than 50% of patients at the time
of diagnosis. Furthermore, systemic and local recurrences
sometimes occur even after curative resection.(2) Although
prognosis is gradually improving with the invention of mul-
timodal treatment, including chemotherapy, radiotherapy and
surgery, the long-term outcome is still poor, and the overall
5-year survival rate is only around 20–30%.(3–5) Thus, new
treatment strategies are needed to improve the prognosis for
esophageal cancer patients.
Immunological therapies, such as the blockade of the regula-

tory mechanism related to programmed death-1 (PD-1), offer
promise for the treatment of esophageal cancer. The PD-1 is
an immune-checkpoint receptor that provides inhibitory signals
in T-cell activation when engaged by its ligands (programmed
death-1 ligands [PD-L]); PD1 ligand 1 (PD-L1) and PD1

ligand 2 (PD-L2).(6) The PD-l ⁄PD-L pathway plays a critical
role in regulating the activity of T cells in effector phases
against not only normal cells,(7,8) but also against tumor
cells.(6) Recently, multiple clinical trials have shown that the
blockade of this pathway using antibodies specific to PD-1 or
PD-L1 is associated with significant antitumor activity in
patients with multiple types of cancer,(9,10) and extensive clini-
cal development of this modality is in progress. Although the
expression of PD-L on the tumor cells might serve as a poten-
tial predictive correlates for anti-tumor effects of the treatment
with the PD-1 ⁄ PD-L1 blockade,(9,11) the relationship between
the tumor expression of PD-L and chemotherapeutic effects
has not been fully investigated.
In this study, we examined the expression of PD-L1 and

PD-L2 in the tumors of surgically treated esophageal cancer
patients, including those who received chemotherapy before
the surgery as neo-adjuvant chemotherapy (NAC), and retro-
spectively investigated their relationship with the clinical and
pathological characteristics of the patients.
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Patients and Methods

Patients. Expression of PD-L1 and L2 was examined using
tumor samples obtained from 180 patients who were diagnosed
to have esophageal squamous cell carcinoma (ESCC) and trea-
ted in the Department of Gastroenterological Surgery, Gradu-
ate School of Medicine, Osaka University between February
1999 and December 2012. The median age of the patients was
64 years, with a range of 29–84 years. Among the 180
patients, 111 patients classified as Stage II–IV received NAC
prior to the radical resection. According to the principles of
our department during the period, NAC was given for patients
with any T(cT1–4) and lymph node involvement, including
regional lymph nodes (N1) and distant lymph nodes (M1 lym)
without distant organ metastasis. Thus, the patients with NAC
had tumors of significantly more advanced stages consisting of
higher cT, cN and cM when compared with the tumors of
patients without NAC (Table S1).
The chemotherapeutic regimen consisted of the administra-

tion of multiple drugs, combining cisplatin and 5-fluorouracil
with adriamycin (ACF) or docetaxel (DCF). For the ACF treat-
ment, 70 mg ⁄m2 of cisplatin and 35 mg ⁄m2 of adriamycin
were administered intravenously as bolus infusion on day 1,
and 700 mg ⁄m2 of 5-fluorouracil was administered intra-
venously as a continuous infusion on days 1–7. Two courses
of ACF chemotherapy were given with a 4-week interval.(12)

For the DCF treatment, 70 mg ⁄m2 of cisplatin and 70 mg ⁄m2

of docetaxel were administered intravenously as a bolus infu-
sion on day 1, and 700 mg ⁄m2 of 5-fluorouracil was adminis-
tered intravenously as a continuous infusion on days 1–5. Two
courses of DCF chemotherapy were given with a 3-week inter-
val.(13) The tumor samples of all the patients were histologi-
cally diagnosed as ESCC, and they are staged according to the
criteria of the International Union Against Cancer. The histo-
pathological response was determined according to the criteria
of the Japanese Society for Esophageal Diseases.(14) The
grades are determined based on the percentage of remaining
viable tumor cells within the entire tumor lesion defined as fol-
lows: grade 3, no viable residual tumor cells; grade 2, less
than two-thirds; grade 1, two-thirds or more; grade 0, all
viable (no significant response to chemotherapy). The median
follow up for all patients was 24 months, with a range of 1–
196 months. Placental tissues obtained from healthy volunteers
were also stained along with the tumor samples to be used as
positive controls.
This study was approved by the appropriate institutional

review board of Osaka University Hospital (approval number:
08226-4) and was conducted in accordance with the Declara-
tion of Helsinki.

Immunohistochemistry. Tissue samples were fixed in 10%
phosphate-buffered formalin and embedded in paraffin. A
serial section from each specimen was made (4-lm thick).
Some of the sections of each samples were stained with H&E
for histological evaluation. Paraffin-embedded tissue sections
placed on saline-coated slides (Matsumani Glass, Osaka,
Japan) were de-waxed in xylene and ethanol. Heat-induced
epitope retrieval was performed by placing slides in citrate
buffer (Ph 6.0) using a decloaking chamber (Biocare Medical,
Walnut Creek, CA, USA) for approximately 15 min. After the
retrieval treatment, endogenous peroxidase was blocked with
0.3% H2O2 in PBS for 20 min followed by washing twice in
PBS. After neutralization of endogenous peroxidase, the sec-
tions on glass slides were pre-incubated with blocking serum
and were then incubated overnight with mouse monoclonal

antibodies specific to human PD-L1 (clone 27A2; MBL,
Woburn, MA, USA), PD-L2 (Clone 176611, R&D Systems,
Minneapolis, MN, USA) or CD8 (clone C8 ⁄144b; DAKO,
Glostrup, Denmark). After rinsing three times with PBS, the
sections were incubated for 20 min with biotinylated sec-
ondary antibodies (Vector Laboratories) diluted to 1:250 using
a universal blocking reagent, washed three times in PBS, and
then incubated for 20 min with avidin biotin complex method
reagent (Vectastain Elite ABC Kit; Vector Laboratories, Bur-
lingame, CA, USA). The reaction products were rinsed twice
with PBS, placed in 0.05 M Tris–HCl buffer (pH 7.5) for
5 min, and then developed in liquid 3,30-diaminobenzidine
(DAKO) for 3 min. After the development, sections were
washed twice with distilled water and lightly counterstained
with Mayer’s hematoxylin. Negative controls of immunohisto-
chemical reactions were made with the staining procedures
omitting the primary antibody.

Evaluation of immunostaining. All slides were assessed by
two investigators (K.T. and T.K.) independently in a blinded
fashion and the scores assigned were determined by consensus
afterwards. Every tumor was given a score according to the
predominant intensity of the cytoplasmic staining (no stain-
ing = 0, weak staining = 1, moderate staining = 2, strong
staining = 3) and the extent of stained cells (0% = 0, 1–
30% = 1, 30–60% = 2, 60–100% = 3). The intensity of the
staining was determined by comparing it to that of the placenta
as the positive control, as shown in Figure 1(a). The immune-
reactivity (IR) score of individual patients was determined by
multiplying the scores for intensity and the extent of the
stained cells with a minimum score of 0 and a maximum score
of 9 as reported elsewhere.(15) We preliminarily set several
cut-off points arbitrarily to select the best value and chose the
IR score of 4 for this study; the specimens with a score of 4
or more were classified as positive. The numbers of CD8 T
cells were counted in three areas with the most abundant dis-
tribution of CD8 cells within the tumor using an ocular grid at
9200 magnification. The average numbers of CD8 T cells of
the three areas were used for statistical analysis.

Statistical analysis. Differences between the groups were
examined for statistical significance using applicable methods,
including Student’s t-test with Yates’ correction, the v2-test,
Fisher’s exact probability test or the Mann–Whitney U-test.
Overall survival was calculated from the date of surgery to the
event or last known date of follow up. Survival curves were
computed using the Kaplan–Meier method, and differences
between survival curves were compared using the log-rank
test. The differences were considered statistically significant
when P-values were <0.05. Statistical analysis was performed
using JMP ver 9.0 (SAS Institute, Cary, NC, USA).

Results

PD-L1 and PD-L2 expression in tissue samples. PD-L1 and PD-
L2 were not detected in normal eosphageal epithelium
(Fig. 1b). Representative observations for PD-L1 and PD-L2 in
the cancer tissues are shown in Figure 1(c) according to the
intensity of PD-L staining. The expression of PD-L1 and PD-
L2 was detected mainly in the cytoplasm of cancer cells. Fig-
ure S1 shows the distribution of the IR score of PD-L1 and
PD-L2. According to the cut-off value of 4, 53 patients
(29.4%) and 87 patients (48.3%) were considered to be positive
for PD-L1 and PD-L2, respectively. A total of 27 patients
(15.0%) were considered to be positive for both PD-L1 and
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PD-L2 expression. Furthermore, 26 patients (14.4%) showed
only PD-L1 expression (PD-L1 positive and PD-L2 negative),
and 60 patients (33.3%) showed only PD-L2 expression (PD-
L1 negative and PD-L2 positive). Sixty seven patients (37.2%)
were considered to be negative for both expressions. There was
no significant correlation between PD-L1 and PD-L2 positivity.

Correlation between PD-L expression and clinicopathological

factors. Correlation between PD-L expression and clinico-
pathological factors was examined. The patients with positive
PD-L1 expression had significantly higher chance of having
lymph node involvement (pN) (P = 0.0069) and history of
NAC (P = 0.0139). There is no significant relationship
between PD-L1 expression and gender, age, tumor depth (pT),
distant metastasis (pM) and pathological stage (Table 1). The
patients with positive PD-L2 expression had significantly
higher chance of having deeper tumor invasion (pT)
(P = 0.0024), more extensive lymph node involvement (pN)
(P = 0.0005) and higher pathological stage (P = 0.0003).
There was no significant relationship between PD-L2 expres-
sion and gender, age, distant metastasis (pM) and history of
NAC. The patients with positive PD-L1 expression had a sig-
nificantly higher rate of NAC history (P = 0.0139), but those
with positive PD-L2 expression did not (P = 0.6127).

Expression of PD-L in the tumors and the survival of the

patients. In all the patients examined in this study, overall

survival rates of the patients with tumors positive for PD-L1
or PD-L2 were significantly worse than those with tumors neg-
ative for PD-L1 or PD-L2 (P = 0.0010 and P = 0.0237,
respectively) (Fig. 2a,b). Multivariate analysis revealed that
expression of PD-L1 is a significant predictive factor for over-
all survival (P = 0.0114) in patients with esophageal cancer
treated with surgery (Table 2). Next, we analyzed the survival
data considering both PD-L1 and PD-L2 expression in each
patient. The overall survival rate of patients positive for both
PD-L1 and 2 was significantly worse, compared with those of
patients positive for PD-L2 alone (P = 0.0289) and negative
for both ligands (P < 0.0001) (Fig. 2c). The evaluation using
the other criteria showed similar tendencies (Fig. S2).
We also performed subgroup analysis according to the his-

tory of NAC, because NAC-treated patients had more
advanced disease at the time of diagnosis when compared with
that of the patients not treated with NAC (Table S1). Among
the patients without NAC, there is no significant difference in
the overall survival rate between patients with positive PD-L1
expression and those with negative PD-L1 expression. Overall
survival did not differ between the groups with different PD-
L2 expression either (P = 0.1049 and P = 0.5346, respec-
tively) (Fig. 3a,b). Among the patients treated with NAC, the
overall survival rate of patients with tumors positive for PD-
L1 was significantly worse than for those with tumors negative

(a)

(c)

(b)

Fig. 1. Representative staining patterns of the samples. (a) Placenta was stained by PD-L1 and PD-L2 and used as positive controls. (b) The PD-L1 and
PD-L2 were not detected in normal eosphageal epithelium. (c) Representative staining intensities of PD-L1 and PD-L2 in the cancer tissues are shown.

© 2016 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
on behalf of Japanese Cancer Association.
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for PD-L1 (P = 0.0064) (Fig. 3c). The same tendency was also
observed with regard to PD-L2 expressions (P = 0.0160)
(Fig. 3d).

Expression of PD-L in the tumors and pathological anti-tumor

responses of the patients after neoadjuvant chemotherapy. In
the patients who received the neoadjuvant chemotherapy, the
relationship between the expression of PD-L1 and PD-L2 and

pathological responses to chemotherapy were examined
(Table 2). There was no significant relationship between PD-
L1 expression and response to chemotherapy (P = 0.3118), but
PD-L2 expression correlated inversely with response to
chemotherapy (P = 0.0034).

Correlation between PD-L expression and CD8+ T cell infiltra-

tion. The ligation of the PD-L1 to the PD-1 expressed on the

Table 1. Relationship between expression of PD-L1 ⁄ PD-L2 and clinico-pathological factors

PD-L1 positive

N = 53

PD-L1 negative

N = 127
P-value

PD-L2 positive

N = 87

PD-L2 negative

N = 93
P-value

Gender (M ⁄ F) 48 ⁄ 5 109 ⁄ 18 0.4691 76 ⁄ 11 81 ⁄ 12 0.9584

Age 62.6 � 10.0 65.1 � 8.4 0.1149 64.1 � 9.6 64.7 � 8.4 0.9587

pT (1 ⁄ 2 ⁄ 3 ⁄ 4) 8 ⁄ 10 ⁄ 29 ⁄ 6 29 ⁄ 21 ⁄ 65 ⁄ 12 11 ⁄ 12 ⁄ 53 ⁄ 11 26 ⁄ 19 ⁄ 41 ⁄ 7
pT (1–2 ⁄ 3–4) 18 ⁄ 35 50 ⁄ 77 0.4952 23 ⁄ 64 45 ⁄ 48 0.0024

pN (0 ⁄ 1) 8 ⁄ 45 45 ⁄ 82 0.0069 15 ⁄ 72 38 ⁄ 55 0.0005

pM (0 ⁄ 1) 35 ⁄ 18 97 ⁄ 30 0.1528 62 ⁄ 26 71 ⁄ 22 0.3450

p-stage (I ⁄ II ⁄ III ⁄ IV) 2 ⁄ 14 ⁄ 19 ⁄ 18 17 ⁄ 39 ⁄ 41 ⁄ 30 6518 ⁄ 38 ⁄ 26 14 ⁄ 35 ⁄ 22 ⁄ 22
p-stage (I–II ⁄ III–IV) 16 ⁄ 37 56 ⁄ 71 0.0826 23 ⁄ 64 49 ⁄ 44 0.0003

Neaoadjuvant therapy (yes ⁄ no) 40 ⁄ 13 71 ⁄ 56 0.0139 52 ⁄ 35 59 ⁄ 34 0.6127

(a)

(c)

(b)

Fig. 2. Overall survival curves for 180 patients with esophageal cancer according to expression level of PD-L1 and PD-L2. Thick line, negative
expression group; dotted line, positive expression group. (a) The PD-L1 negative group showed significantly longer overall survival (P = 0.0010)
than PD-L1 positive group. (b) The PD-L2 negative group showed significantly longer overall survival (P = 0.0237) than the PD-L2 positive group.
(c) The overall survival of both PD-L1-negative and PD-L2-positive patients was significantly worse than that of both negative patients
(P < 0.0001).
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T-cells has been shown to promote the induction of apoptosis
of the activated T cells.(14)

In contrast, IFN-gamma expressed at the local tumor sites
has been reported to be associated with PD-L1 expression on
the tumor.(16) To investigate these possibilities in actual cancer
patients, we examined the correlation between IR scores for
PD-L and the number of tumor-infiltrating CD8+ T cells in the
patients with NAC history. Significantly low number of CD8
(+) cells were found only in patients with positive PD-L1
expression in the tumor (P = 0.0346) (Fig. 4).

Discussion

To examine the possible roles of PD-L expression in cancer
patients, tumor samples surgically resected from 180 esopha-
geal cancer patients, including those treated with NAC, were
examined for the expression of these molecules using immuno-
histochemical staining. Analysis on these patients, not consid-
ering NAC history, suggests that positive expression of PD-L
of the tumor cells might be associated with the aggressive
tumor progression, which significantly affects the survival of
esophageal cancer patients. Most of these results are consistent
with a previous report on esophageal cancer by Ohigashi
et al.(17) However, the analysis on the subgroups divided by
the experience of NAC revealed unexpected characteristics.
The expression patterns of both PD-L1 and PD-L2 on tumors
are significantly related to survival only in the patients with
NAC (P = 0.0064 and 0.0160) but not in the patients without
NAC (P = 0.1049 and 0.5346). These results might suggest
that the tumor expression of the PD-L would have a significant
role only in influencing the survival of the chemotherapy for
esophageal cancer patients.

Recently, multiple studies have shown the association
between the conventional treatment using certain anticancer
agents and immune responses against cancer cells.(18–23) Based
on these results, significant numbers of researchers now appear
to believe that chemotherapeutic agents can induce anti-tumor
immune responses that significantly contribute to the overall
anti-tumor effects of the chemotherapeutic agents.(24) Our
results presented here appear to support this notion and suggest
that the PD-1 system might be one of the key players in deter-
mining the chemotherapy-related immune responses.
To examine our hypothesis in more detail, we examined the

association between the PD-L expression of the tumor and the
immediate antitumor response (tumor shrinkage) with
chemotherapy. Pathological evaluation on the antitumor
responses showed that the patients with strong PD-L2 expres-
sion in tumors had significantly higher chance of experiencing
inferior antitumor effects (Table S2). However, this correlation
was not found for PD-L1 expression. These results might indi-
cate that the tumor expression of PD-L2, but not PD-L1, plays
a role in the initial tumor shrinkage induced by the chemother-
apeutic effects which might include immunological responses
against the tumor. However, we have found that the tumors
with positive PD-L1 expression, but not those with positive
PD-L2 expression, have significantly lower numbers of CD8+
T-cells infiltrating the tumors. These results might suggest that
tumor expression of only PD-L1 is associated with poorer
tumor immune responses of the hosts after the chemotherapy.
These results might collectively suggest that PD-L1 and PD-
L2 have significant impact on survival after chemotherapy but
appear to do so through different means. The PD-L2 has been
identified as a second PD-1-ligand which inhibits T cell func-
tions,(25) but has been shown to have distinct expression

Table 2. Univariate and multivariate analysis for overall survival

2-year survival rate (%)
Log-rank

P-value

Multivariate (cox)

P-value
Hazard ratio 95% CI

Gender

Male 56.2 0.6578

Female 59.8

Age

>65 50.2 0.3030

<64 62.5

Tumor depth

pT1–2 75.6 <0.0001 0.0026 2.0442 1.2756–3.3952

pT3–4 45.7

Lymph node metastasis

pN0 75.6 <0.0001 0.0755 1.7150 0.9482–3.2997

pN1 48.9

Distant metastasis

pM0 69.3 <0.0001 0.0002 2.3334 1.5007–3.6164

pM1 24.2

PD-L1

Negative 63.2 0.0010 0.0114 1.7480 1.1373–2.6578

Positive 38.4

PD-L2

Negative 65.6 0.0237 0.5155 1.1524 0.7527–1.7789

Positive 47.5

Neoadjuvant chemotherapy

Performed 51.9 0.3003

Not performed 63.4

© 2016 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
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patterns and functions when compared with those of PD-
L1.(26) Our results described here also suggest that PD-L2
functions need to be further investigated and compared with
those of PD-L1.
Our results also include other interesting implications related

to chemotherapy as well. Because more than half of the

patients examined in this study received chemotherapy before
surgery, as NAC, we were able to look into the PD-L expres-
sion of the tumors treated with chemotherapy. Surprisingly, the
average IR score for PD-L1 in patients treated with NAC was
significantly higher than that in patients not treated with NAC.
In contrast, the average IR score for PD-L2 in patients treated

(a) (b)

(c) (d)

Fig. 3. Overall survival curves of the patients classified according to the history of neoajuvant chemotherapy and the expression levels of PD-L1
or PD-L2 of the tumors. Thick line, negative expression group; dotted line, positive expression group. (a) Among the patients without receiving
neoadjuvant chemotherapy, the overall survival rate was not significantly different between the PD-L1 negative group and the PD-L1 positive
group. (b) Among the patients who did not receive neoadjuvant chemotherapy, the overall survival rate was not significantly different between
the PD-L2 negative group and the PD-L2 positive group. (c) Among the patients receiving neoadjuvant chemotherapy, the PD-L1 negative group
showed significantly longer overall survival (P = 0.0064) than the PD-L1 positive group. (d) Among the patients receiving neoadjuvant
chemotherapy, the PD-L2 negative group showed significantly longer overall survival (P = 0.0160) than the PD-L2 positive group.

(a) (b)

Fig. 4. Correlation between immune-reactivity (IR)
scores for PD-L and the numbers of tumor
infiltrating CD8+ T cells: (a) PD-L1 (P = 0.0346); (b)
PD-L2.
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with NAC was not significantly different from that in patients
not treated with NAC. These results might suggest that expres-
sion of only PD-L1, but not PD-L2, in tumor cells could be
induced by chemotherapy in esophageal cancer patients. It has
been demonstrated that tumor cells express PD-L1 not only
constitutively with oncogenic transformation but also adap-
tively with immunological stimulation, including inflammatory
cytokines.(6) However, the relationship between tumor cell
expression of PD-L and other factors, including chemotherapy,
has not been fully investigated. Few in vitro studies have
reported on this issue and the results are somewhat inconsis-
tent. Qin et al.,(27) for example, report that cisplatin induce
PD-L1 in hepatoma cells via the Erk ⁄MAPK signaling path-
way. In contrast, Lesterhuis et al.(28) report that platinum
dephosphorylates STAT6, resulting in decreased PD-L2
expression on both human DC and human tumor cells.
Furthermore, Guo et al.(29) report that chemotherapeutic treat-
ments do not directly induce PD-L1 expression but indirectly
induce PD-L1 expression through the promotion of IFN-
gamma production from the immune-related components.
Examination on the detailed mechanisms for PD-L upregula-
tion appears to be necessary to better understand our results.
Esophageal squamous cell carcinoma is one of the most

refractory cancers among those with gastrointestinal origin and

is associated with poor prognosis. Systemic chemotherapy is
believed to be one of the most effective means to treat esopha-
geal squamous cell carcinoma, and is frequently included in
the multimodal treatment for those in advanced and metastatic
stages.(30–32) However, the objective response rates, especially
the complete response rates in esophageal cancer patients, are
still unsatisfactory.(13,33) The results presented in the current
study might be used as evidence warranting the clinical devel-
opment of novel combination approaches using conventional
cytotoxic drugs and PD-1 blockades. Such approaches have
recently been shown to have very promising clinical potency
in multiple types of cancer, including squamous cell carcinoma
of the lung.(34)

Disclosure Statement

Yu Mizote is an employee of Sanofi K.K.; Hideaki Tahara
received a research grant from Sanofi K.K.; Hideaki Tahara
received lecture fees from Ono Pharmaceuticals; Koji Tanaka,
Hiroshi Miyata, Keijiro Sugimura, Takashi Kanemura, Mika
Hamada-Uematsu, Makoto Yamasaki, Hisashi Wada, Kiyokazu
Nakajima, Shuji Takiguchi, Masaki Mori and Yuichiro Doki
have no conflict of interest to declare.

References

1 Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA
Cancer J Clin 2005; 55: 74–108.

2 Miyata H, Yamasaki M, Kurokawa Y et al. Survival factors in patients with
recurrence after curative resection of esophageal squamous cell carcinomas.
Ann Surg Oncol 2011; 18: 3353–61.

3 Miyata H, Yoshioka A, Yamasaki M et al. Tumor budding in tumor invasive
front predicts prognosis and survival of patients with esophageal squamous
cell carcinomas receiving neoadjuvant chemotherapy. Cancer 2009; 115:
3324–34.

4 Kelsen DP, Ginsberg R, Pajak TF et al. Chemotherapy followed by surgery
compared with surgery alone for localized esophageal cancer. N Engl J Med
1998; 339: 1979–84.

5 Medical Research Council Oesophageal Cancer Working Group. Surgical
resection with or without preoperative chemotherapy in oesophageal cancer: a
randomised controlled trial. Lancet 2002; 359: 1727–33.

6 Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy.
Nat Rev Cancer 2012; 12: 252–64.

7 Fife BT, Pauken KE. The role of the PD-1 pathway in autoimmunity and
peripheral tolerance. Ann N Y Acad Sci 2011; 1217: 45–59.

8 Keir ME, Liang SC, Guleria I et al. Tissue expression of PD-L1 mediates
peripheral T cell tolerance. J Exp Med 2006; 203: 883–95.

9 Brahmer JR, Tykodi SS, Chow LQ et al. Safety and activity of anti-PD-L1
antibody in patients with advanced cancer. N Engl J Med 2012; 366: 2455–
65.

10 Hamid O, Robert C, Daud A et al. Safety and tumor responses with lam-
brolizumab (anti-PD-1) in melanoma. N Engl J Med 2013; 369: 134–44.

11 Topalian SL, Hodi FS, Brahmer JR et al. Safety, activity, and immune corre-
lates of anti-PD-1 antibody in cancer. N Engl J Med 2012; 366: 2443–54.

12 Yano M, Takachi K, Doki Y et al. Preoperative chemotherapy for clinically
node-positive patients with squamous cell carcinoma of the esophagus. Dis
Esophagus 2006; 19: 158–63.

13 Yamasaki M, Miyata H, Tanaka K et al. Multicenter phase I ⁄ II study of
docetaxel, cisplatin and fluorouracil combination chemotherapy in patients
with advanced or recurrent squamous cell carcinoma of the esophagus.
Oncology 2011; 80: 307–13.

14 The Japanese Society for Esophageal Diseases. Japanese Classification of
Esophageal Cancer. 10th edn. KANEHARA & Co., Ltd, Tokyo, Japan.
ISBN978-4-307-20243-5, 2008.

15 Klein M, Vignaud JM, Hennequin V et al. Increased expression of the vas-
cular endothelial growth factor is a pejorative prognosis marker in papillary
thyroid carcinoma. J Clin Endocrinol Metab 2001; 86: 656–8.

16 Taube JM, Anders RA, Young GD et al. Colocalization of inflammatory
response with B7-h1 expression in human melanocytic lesions supports an

adaptive resistance mechanism of immune escape. Sci Transl Med 2012; 4:
127ra37.

17 Ohigashi Y, Sho M, Yamada Y et al. Clinical significance of programmed
death-1 ligand-1 and programmed death-1 ligand-2 expression in human eso-
phageal cancer. Clin Cancer Res 2005; 11: 2947–53.

18 Corbiere V, Chapiro J, Stroobant V et al. Antigen spreading contributes to
MAGE vaccination-induced regression of melanoma metastases. Cancer Res
2011; 71: 1253–62.

19 Apetoh L, Ghiringhelli F, Tesniere A et al. Toll-like receptor 4-dependent
contribution of the immune system to anticancer chemotherapy and radio-
therapy. Nat Med 2007; 13: 1050–9.

20 Choi CH, Kim WD, Lee SJ, Park WY. Clinical predictive factors of patho-
logic tumor response after preoperative chemoradiotherapy in rectal cancer.
Radiat Oncol J 2012; 30: 99–107.

21 Sota Y, Naoi Y, Tsunashima R et al. Construction of novel immune-
related signature for prediction of pathological complete response to
neoadjuvant chemotherapy in human breast cancer. Ann Oncol 2014; 25:
100–6.

22 Andre F, Dieci MV, Dubsky P et al. Molecular pathways: involvement of
immune pathways in the therapeutic response and outcome in breast cancer.
Clin Cancer Res 2013; 19: 28–33.

23 Heidecke CD, Weighardt H, Feith M et al. Neoadjuvant treatment of esopha-
geal cancer: immunosuppression following combined radiochemotherapy.
Surgery 2002; 132: 495–501.

24 Kroemer G, Galluzzi L, Zitvogel L. Immunological effects of chemotherapy
in spontaneous breast cancers. Oncoimmunology 2013; 2: e27158.

25 Latchman Y, Wood CR, Chernova T et al. PD-L2 is a second ligand for
PD-1 and inhibits T cell activation. Nat Immunol 2001; 2: 261–8.

26 Tseng SY, Otsuji M, Gorski K et al. B7-DC, a new dendritic cell molecule
with potent costimulatory properties for T cells. J Exp Med 2001; 193: 839–
46.

27 Qin X, Liu C, Zhou Y, Wang G. Cisplatin induces programmed death-1-
ligand 1(PD-L1) over-expression in hepatoma H22 cells via Erk ⁄MAPK
signaling pathway. Cell Mol Biol (Noisy-le-grand) 2010; 56(Suppl):
OL1366–72.

28 Lesterhuis WJ, Punt CJ, Hato SV et al. Platinum-based drugs disrupt
STAT6-mediated suppression of immune responses against cancer in humans
and mice. J Clin Invest 2011; 121: 3100–8.

29 Guo Z, Wang H, Meng F, Li J, Zhang S. Combined Trabectedin and anti-
PD1 antibody produces a synergistic antitumor effect in a murine model of
ovarian cancer. J Transl Med 2015; 13: 247.

30 Ando N, Kato H, Igaki H et al. A randomized trial comparing postoperative
adjuvant chemotherapy with cisplatin and 5-fluorouracil versus preoperative
chemotherapy for localized advanced squamous cell carcinoma of the tho-
racic esophagus (JCOG9907). Ann Surg Oncol 2012; 19: 68–74.

© 2016 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
on behalf of Japanese Cancer Association.

Cancer Sci | June 2016 | vol. 107 | no. 6 | 732

Original Article
PD-L1 and PD-L2 in esophageal cancer www.wileyonlinelibrary.com/journal/cas



31 Iizuka T, Kakegawa T, Ide H et al. Phase II evaluation of cisplatin and 5-
fluorouracil in advanced squamous cell carcinoma of the esophagus: a Japa-
nese Esophageal Oncology Group Trial. Jpn J Clin Oncol 1992; 22: 172–6.

32 Polee MB, Kok TC, Siersema PD et al. Phase II study of the combination
cisplatin, etoposide, 5-fluorouracil and folinic acid in patients with advanced
squamous cell carcinoma of the esophagus. Anticancer Drugs 2001; 12:
513–7.

33 Tamura S, Imano M, Takiuchi H et al. Phase II study of docetaxel, cisplatin
and 5-fluorouracil (DCF) for metastatic esophageal cancer (OGSG 0403).
Anticancer Res 2012; 32: 1403–8.

34 Rizvi NA, Mazieres J, Planchard D et al. Activity and safety of nivolumab,
an anti-PD-1 immune checkpoint inhibitor, for patients with advanced,
refractory squamous non-small-cell lung cancer (CheckMate 063): a phase 2,
single-arm trial. Lancet Oncol 2015; 16: 257–65.

Supporting Information

Additional Supporting Information may be found online in the supporting information tab for this article:

Fig. S1. Distribution of the immune-reactivity (IR) scores: (a) PD-L1; (b) PD-L2.

Fig. S2. Overall survival curves for 180 patients with esophageal cancer according to expression level of PD-L1 and PD-L2 determined by per-
centage of the stained cells in the tumor area (a, b), predominant intensities of the staining (c, d) and score calculated by adding the values of per-
centage and intensities (e, f). Thick line, negative expression group; dotted line, positive expression group. (a, c, e) The PD-L1 positive groups
divided using these criteria showed significantly shorter overall survival (P = 0.0011, P = 0.0117, and P = 0.0056, respectively) than those of the
corresponding PD-L1 negative groups. (b, d, f) The PD-L2 positive groups divided using these criteria showed significantly shorter overall survival
(P = 0.0083, P = 0.0234 and P = 0.0056) than those of the corresponding PD-L2 negative groups.

Table S1. Tumor staging of the patients at diagnosis with respect to neoadjuvant chemotherapy (NAC) history.

Table S2. Pathological responses and expression of PD-L in the tumors.
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