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Programmed death-ligand 1 (PD-L1) plays a crucial role in the host immune system

in cancer progression. The gene promoter region of PD-L1 also contains a binding

site for ZEB1, a transcription factor related to epithelial-mesenchymal transition

(EMT). The purpose of this study was to clarify the relationship between PD-L1

and EMT and its clinical importance in esophageal squamous cell carcinoma (ESCC).

PD-L1 and ZEB1 expression at the tumor invasive front was examined by immuno-

histochemistry in resected specimens from 90 patients with ESCC who underwent

surgery without preoperative therapy, and their expression and clinicopathologi-

cal factors were compared. ZEB1 and PD-L1 expression was determined in TE8 cells,

which demonstrate the EMT phenotype, following ZEB1 knockdown by siZEB1.

TE5, TE6 and TE11 cells with non-EMT phenotype were also used for studies of

TGF-b1-dependent EMT induction and ZEB1 and PD-L1 expression. In cases of high

PD-L1 expression at the invasive front, significantly greater depth of tumor inva-

sion, EMT, and less CD8+ lymphocyte infiltration were observed. High PD-L1

expression was also associated with worse overall and relapse-free survival. A cor-

relation was observed between PD-L1 and ZEB1 expression. In TE8 cells, siZEB1

suppressed PD-L1 and promoted E-cadherin mRNA and protein expression. TGF-b1
induced EMT and surface expression of PD-L1 in TE5, TE6 and TE11 cell lines. PD-L1

expression at the ESCC invasive front was related to ZEB1 expression, EMT and

poor prognosis. We suggest that a cooperative mechanism bridging between

tumor immune avoidance and EMT contributes to tumor malignancy in ESCC.

E sophageal cancer is the eighth most common cancer world-
wide and ranks sixth among all cancers in mortality.(1)

Esophageal cancer has two major histological types: esopha-
geal squamous cell carcinoma (ESCC) and esophageal adeno-
carcinoma. ESCC is the dominant type in Asia.(2,3) In Japan,
ESCC remains the predominant type among all esophageal
cancers; the ratio of squamous cell carcinoma to adenocarci-
noma is 26:1.(3)

Programmed death 1 (PD-1), an inhibitory costimulatory
molecule, is induced on activated T cells, B cells, and NK
cells, and plays a crucial role in regulating peripheral toler-
ance. Two PD-1 ligands have been identified, programmed
death ligand 1 (PD-L1, also known as CD274) and pro-
grammed death ligand 2 (PD-L2); both are members of the B7
family.(4–6) PD-L1 is expressed by various human tumors and
plays an essential role in evasion of the host immune system
in cancer.(7,8) A high level of PD-L1 expression in severe
malignancies has been associated with a poor prognosis.(9–12)

Current clinical trials show that anti-PD-1 and anti-PD-L1
therapies that inhibit the interaction between PD-1 and PD-L1

show potential for the treatment of cancer patients by generat-
ing measurable clinical activity with minimal toxicities.(13,14)

Epithelial-mesenchymal transition (EMT), a process whereby
epithelial cells lose their cell polarity and cell–cell adhesion
ability and acquire migratory and invasive properties to gain
mesenchymal phenotype, is important for invasion and metas-
tasis of carcinoma.(15) In the case of many cancers, EMT-indu-
cing signals emanating from the tumor-associated stroma,
including those mediated by HGF, EGF, PDGF, and TGF-b,
appear to be responsible for the induction or functional activa-
tion in cancer cells of a series of EMT-inducing transcription
factors, including Snail, Slug, zinc finger E-box binding home-
obox 1 (ZEB1), Twist, and FOXC2.(16–20)

We previously reported that PD-L1 expression is correlated
with malignancy and prognosis in ESCC.(21) However, the
mechanism and pattern of PD-L1 expression in ESCC has not
been fully revealed. A recent study reported that TGF-b1
induced ZEB1.(22,23) Because the PD-L1 gene promoter region
contains a ZEB1 binding site, we speculated that PD-L1
expression might be regulated by the ZEB1 transcription
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factor. The aim of this study was to clarify the relationships
between PD-L1 expression and EMT, and clinicopathological
features in ESCC.

Materials and Methods

Patients. This study included 90 patients (mean age
62.7 years) who had undergone esophageal resection for ESCC
without preoperative treatment at the Department of Surgery
and Science, Kyushu University Hospital, between April 1997
and March 2005. The study was approved by the Ethics Com-
mittee of Kyushu University (Approval Number: 27-397).

Immunohistochemistry and evaluation of staining. Tumor sec-
tions were assessed by immunohistochemistry (IHC) using
rabbit polyclonal antibodies against PD-L1 (1:200; Lifespan
Bioscience, Seattle, WA, USA), IgG mouse monoclonal anti-
bodies against ZEB1 (1:150; Origene, Rockville, MD, USA),
CD8 (1:100; DAKO, Santa Clara, CA, USA), and E-cadherin
(1:1000; TAKARA BIO, Siga, Japan). Briefly, 4-lm sections
were deparaffinized in xylene and dehydrated in an ethanol
series. For antigen retrieval, the specimens were pretreated in
an autoclave for PD-L1 (121°C, 10 min, in 0.01 M citrate
buffer; pH 6.0) and ZEB1 (121°C, 20 min, in Target EDTA,
pH 9.0), and CD8 (121°C, 20 min, in 0.01 M citrate buffer;
pH 6.0), E-cadherin (121°C, 15 min, in 0.01 M citrate buffer;
pH 6.0). The sections were incubated for 30 min in 0.3%
hydrogen peroxidase in absolute methanol to deactivate
endogenous peroxidases. After blocking nonspecific binding of
antibodies, the specimens were incubated at room temperature
with primary antibodies against PD-L1, ZEB1, CD8, and
E-cadherin overnight. IHC staining was performed using an
EnVision system and DAB kits (DAKO). The levels of
expression of PD-L1, ZEB1, CD8, and E-cadherin were evalu-
ated by two investigators, including one general pathologist.
The expression of PD-L1 was evaluated according the staining
of the cell membrane and/or in the cytoplasm of tumor cells
(TCs) at tumor invasive front as previously reported.(10) We
evaluated the tumor invasive front at the deepest layer of
tumor, based on findings of hematoxylin-eosin staining. In this
study, PD-L1 positivity was defined as ≥5% of TCs staining
for PD-L1 by IHC, as described in several previous
reports.(24–27) The expression of ZEB1 was evaluated by
counting positive staining of the cell nucleus of TCs at the
same invasive front area as PD-L1. The total numbers of
ZEB1-positive TCs were counted in three high power fields
(3HPFs) in the hot spot areas and we calculated ZEB1 posi-
tive TCs/all TCs. The number of CD8+ tumor-infiltrating lym-
phocytes were counted in 3HPFs and scored as low or high.
In this study, the cut-off value for ZEB1 and CD8 was set
using the average of expression for each; 6.9% for ZEB1 and
50 CD8+ cells per typical HPF for CD8. Although previous
studies have used immunohistochemistry to examine the
expression levels of ZEB1(28,29) and CD8,(30–32) precise cut-
offs for expression analyses have not been found to be con-
stant. In our report, we decided to set the average of
expression in the 90 total cases as the cutoff values. E-cad-
herin was evaluated as followed: TCs with membranes that
stained as strongly as normal epithelial cells membrane were
considered to have preserved expression, whereas those that
exhibited weaker staining patterns than normal epithelial cells
or did not stain at all were considered to have reduced expres-
sion, as previously described.(33)

Cell culture and transfection assay. We used TE5, TE6, TE8,
and TE11 human cell lines derived from poorly, well,

moderately, and moderately ESCC, respectively. Cells were
maintained in RPMI-1640 medium plus 20% fetal bovine
serum (FBS) in a humidified atmosphere containing 5% CO2

at 37°C. TE5, TE6 and TE11 cell lines had epithelial charac-
teristics and the TE8 cell line had EMT characteristics.
For siRNA transfections, TE8 cells were seeded in 6-well

plate (0.25 9 106 cells per well) and transfected with 30 pmol
of siRNA using Lipofectamine RNAimax reagent (Thermo
Fisher Scientific, Waltham, MA, USA) for 48 h, according to
the procedure provided by the manufacturer. The siRNAs
specific for ZEB1 were Stealth siRNAs named HSS110548
and HSS186235 (referred as ZEB1-1 and ZEB1-2, respec-
tively) (Thermo Fisher Scientific). The siRNAs specific for
Twist and Snail were HSS144372 and HSS186975 (referred as
Twist-1 and Twist-2, respectively) and HSS143995 and
HSS143996 (referred as Snail-1 and Snail-2, respectively).
Stealth RNAi siRNA negative control duplex was used as non-
targeting (NT) siRNA. In TE8 cells, IFN-c (R&D Systems,
Minneapolis, MN, USA) was used at 5 ng/mL.
For TGF-b1 treatment, TE5, TE6, and TE11 cells were

seeded in a 6-well plate (0.25 9 106 cells per well) and cells
were treated for 96 h with recombinant TGF-b1 (Invitrogen,
Carlsbad, CA, USA) at a final concentration of 20 ng/mL.

Quantitative real-time PCR. We determined mRNA expression
levels with TaqMan qPCR. Total RNA were synthesized into
cDNA using the SuperScript III First-strand Synthesis Super-
Mix (Invitrogen) according to the manufacturer’s instructions.
Real-time PCR was performed using the StepOnePlus (Applied
Biosystems, Foster City, CA, USA). Reactions were run in
three independent experiments. The geometric mean of the
housekeeping gene b-actin was used as an internal control to
normalize the variability in expression levels.

Western blot analysis. Cells cultured in 6-well dishes were
scraped into 300 lL ice-cold RIPA buffer (Nacalai Tesque,
Kyoto, Japan). Samples were clarified by centrifugation at
12 000 g for 30 min at 4°C. We used the iBind Western
System (Invitrogen) and performed imaging using the Amer-
sham Imager600 (GE Healthcare, Little Chalfont, UK). Pri-
mary antibodies included antibodies against b-actin (Cell
Signaling Technologies, Danvers, MA, USA, 1:1000), ZEB1
(Origene, clone 3G6, 1:1000), E-cadherin (Cell Signaling
Technologies, 1:1000), and Vimentin (Cell Signaling Tech-
nologies, 1:1000).

Flow cytometry analysis. Cells were stained with mouse mon-
oclonal antibodies to human PD-L1 (Biolegend, San Diego,
CA, USA) and ZEB1 (Novusbio, Littleton, CO, USA), and
mouse igG2b, j (Biolegend) and IgG1 (Novusbio) were used
as isotype controls, respectively. For cell membrane staining,
cells were incubated with PD-L1 antibody and isotype control
for 30 min at 4°C. We added 7-aminoactinomycin D (Thermo
Fisher Scientific) before analysis. For intracellular staining,
cells were fixed with Fixation and Permeabilization Solution
(BD Biosciences, Franklin, MA, USA) and treated according
to the manufacturer’s instructions. Briefly, cells were fixed for
20 min at 4°C, washed two times with Perm/Wash buffer (BD
Biosciences). Cells were stained with ZEB1 antibody and iso-
type control for 30 min at 4°C. Cells were washed with Perm/
Wash buffer and re-suspended with FACS buffer. The fluores-
cence data were collected using the Cell Sorter SH800 (Sony,
Tokyo, Japan), and were analyzed using FlowJo software (Tree
Star Inc., Ashland, OR, USA).

Statistical analysis. For in vitro studies, quantitative data are
presented as means SD (unless indicated otherwise). Differ-
ences between two groups were estimated using Student’s

© 2017 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
on behalf of Japanese Cancer Association.

Cancer Sci | June 2017 | vol. 108 | no. 6 | 1120

Original Article
PD-L1 is associated with EMT in ESCC www.wileyonlinelibrary.com/journal/cas



t-test and the v2 test. Kaplan–Meier curves were generated for
overall survival and relapse free survival, and statistical
significance was determined using the log-rank test. A proba-
bility value of P < 0.05 was considered significant. All statisti-
cal analyses were performed using JMP9.0 software (SAS
Institute Inc., Cary, NC, USA).

Results

Expression of PD-L1 at invasive front and correlation with clini-

copathological findings and prognostic outcomes. IHC evalua-
tion showed that PD-L1 was expressed in the cell membrane
and cytoplasm of TCs in ESCC specimens (Fig. 1a,b). Among
the 90 ESCC cases, positive expression of PD-L1 at the inva-
sive front was observed in 57 cases (63.3%). High expression
of CD8+ lymphocyte infiltration was observed in 40 cases
(44%) (Fig. 1c,d). E-cadherin positive case is shown in Fig-
ure 1(e) and ZEB1 positive case is shown in Figure 1(f). In
this report, we defined EMT when mesenchymal morphologi-
cal changes and low E-cadherin expression were found at the
invasive front of tumor. A comparison of clinicopathological
features according to PD-L1 expression is shown in Table 1.
In the PD-L1-positive expression group, lymph node metastasis
and lymphatic invasion tended to be more frequent
(P = 0.0906 and P = 0.0815, respectively). Greater depth of
tumor invasion (P = 0.0021), EMT and less CD8+ lymphocyte
infiltration were also more frequent (P = 0.0013 and
P = 0.0053, respectively) in the PD-L1-positive group
(Table 1).
In prognostic analysis, PD-L1-positive cases were associated

with worse overall survival rate (OS) and relapse-free survival
(RFS) rates. The 5-year OS rate in the patients with PD-L1
positive expression was significantly poorer than those with

(a) (c) (e)

(b) (d) (f)

Fig. 1. Expression of PD-L1, ZEB1, E-cadherin, and CD8 at the invasive front of esophageal squamous cell carcinoma. Representative images
of immunohistochemical staining with anti-PD-L1 (a: positive, b: negative), anti-CD8 (c: low, d: high), anti-E-cadherin (e: high), and anti-ZEB1
(f: high) at the tumor invasive front. Magnification: (a, b, c, d) 9100, (e, f) 9 400.

Table 1. Clinicopathological features according to PD-L1 expression

in patients with esophageal squamous cell carcinoma who

underwent esophagectomy

Factor

PD-L1

negative

(n = 33)

PD-L1

positive

(n = 57)

P-value

Age (mean) 62.1 63.0 0.4382

Sex (male/female)

Male 31 (93.9) 49 (85.9) 0.2460

Female 2 (6.1) 8 (14.1)

Differentiation of squamous cell carcinoma

Well/moderately 27 (81.8) 46 (80.7) 0.8960

Poorly 6 (18.2) 11 (19.3)

Pathological depth of tumor invasion

T < 3 26 (78.7) 26 (45.6) 0.0021

T ≥ 3 7 (21.3) 31 (54.3)

Pathological lymph node metastasis

pN(�) 20 (60.6) 24 (42.1) 0.0906

pN(+) 13 (39.4) 33 (57.9)

ly (�) 19 (57.5) 22 (38.5) 0.0815

(+) 14 (42.5) 35 (61.5)

v (�) 24 (72.7) 37 (65.0) 0.4446

(+) 9 (27.3) 20 (35.0)

EMT (�) 26 (78.7) 25 (43.8) 0.0013

(+) 7 (21.3) 32 (56.2)

CD8 Low 12 (36.4) 38 (66.7) 0.0053

High 21 (63.6) 19 (33.3)

ZEB1 Low 24 (72.7) 29 (50.9) 0.0397

High 9 (27.3) 28 (49.1)

The numbers in parentheses indicate percentages. EMT, epithelial
mesenchymal transition; ly, lymphatic permeation; PD-L1,
programmed death-ligand 1; v, venous permeation.
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negative expression (39.2% vs 67.0%, P = 0.0112). The 5-year
RFS rate in the patients with PD-L1 positive expression was
also worse than those with negative expression (22.4% vs
57.8%, P = 0.0040) (Fig. 2a,b). Univariate and multivariate
analyses of RFS and OS in all patients are shown in Table S1.
In multivariate analyses, ly (P = 0.032) and PD-L1
(P = 0.015) were multivariate prognostic factors in RFS, and
pathological lymph node metastasis (P = 0.028) was a multi-
variate prognostic factor in OS.

Correlation between ZEB1 expression and PD-L1 expres-

sion. ZEB1 expression was evaluated by counting positive
staining of the cell nucleus of TCs at the same invasive front
area as PD-L1 (Fig. 1f). High expression of ZEB1 was
observed in 37 cases (41.1%). A comparison of clinicopatho-
logical features according to ZEB1 is shown in Table S2.
ZEB1 high expression was related to depth of tumor invasion
(P = 0.005) and EMT (P = 0.0006). In prognostic analysis,
ZEB1 high expression was associated with worse OS and
tended to be associated with worse RFS. The 5-year OS rate
in the patients with ZEB1 high and low expression was 36.2%
and 60.1%, respectively (P = 0.0271). The 5-year RFS rate in

patients with ZEB1 high and low expression was 32.0% and
38.3%, respectively (P = 0.1836) (Fig. S1). In the ZEB1 high
expression group, PD-L1 positive and negative expression was
observed in 76% and 24% of patients, respectively, indicating
a positive correlation between ZEB1 and PD-L1 expression
(P = 0.0397) (Table 1). We divided patients into four groups
according to expression of PD-L1 and ZEB1, and the patient
group with PD-L1 positive and ZEB1 high expression showed
the worst prognosis in OS (P = 0.0240) and RFS
(P = 0.0328) (Fig. 2c,d).

Suppression of PD-L1 expression by siRNA for ZEB1. We mea-
sured PD-L1, ZEB1, E-cadherin, Vimentin, and TGF-b1
mRNA expression and protein expression in TE5, TE6, TE8
and TE11 cell lines (Fig. 3a–e). We also measured ZEB1,
E-cadherin, and Vimentin protein expression by WB (Fig. 3f).
The levels of PD-L1 mRNA expression were almost same in
all cell lines (data not shown). ZEB1 and TGF-b1 mRNA
expression were higher in TE8 cells than the other cell lines.
TE8 cells exhibited an EMT characteristic, spindle-like mes-
enchymal morphology with high expression of the mesenchy-
mal marker Vimentin and low expression of the epithelial

Relapse free survival

Years after esophagectomy
1 2 3 4 50

PD-L1 (–)  (n = 33)

57.8%

PD-L1 (+) (n = 57)

22.4%

P = 0.0040

Overall survival

Years after esophagectomy
1 2 3 4 50

P = 0.0112

PD-L1 (–)  (n = 33)
67.0%

PD-L1 (+) (n = 57)
39.2%

PD-L1/ZEB1(–/–) (n = 24)
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Years after esophagectomy
1 2 3 4

58.3%

50

PD-L1/ZEB1(–/+) (n = 9) 55.6%

PD-L1/ZEB1(+/+) (n = 28)
23.7%

PD-L1/ZEB1(+/–) (n = 29)
21.0%

PD-L1/ZEB1(–/–) (n = 24)

Overall survival

Years after esophagectomy
1 2 3 4

71.6%

50

PD-L1/ZEB1(–/+) (n = 9)
55.5%

PD-L1/ZEB1(+/–) (n = 29)
50.4%

PD-L1/ZEB1(+/+) (n = 28)
29.2%

(a) (b)

(c) (d)

Fig. 2. Prognosis according to PD-L1 and ZEB1 expression in patients with esophageal squamous cell carcinoma. (a) Overall and (b) relapse free
survival rates of patients with esophageal squamous cell carcinoma in relation to PD-L1 expression status. (c) Overall and (d) relapse free survival
rates of patients in relation to PD-L1 and ZEB1 expression status.
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marker E-cadherin. In contrast, TE5, TE6, and TE11 cells
exhibited epithelial characteristic, cobblestone-like epithelial
morphology with high expression of the epithelial marker
E-cadherin and low expression of the mesenchymal marker
Vimentin.
We next tested whether mRNA expressions of PD-L1 and

E-cadherin were affected by EMT inducing transcriptional fac-
tors ZEB1, Twist and Snail by q-PCR in the TE8 cell line. We
used siRNAs to target ZEB1 (siZEB1-1, siZEB1-2), Twist
(siTwist-1, siTwist-2) and Snail (siSnail1, siSnail-2). In TE8
cells, siZEB1 effectively suppressed ZEB1 and PD-L1 mRNA
expression and promoted E-cadherin mRNA expression com-
pared with non-targeting (NT) siRNA (Fig. 4a–c). On the other
hand, siTwist and siSnail suppressed Twist and Snail mRNA
expression (*P < 0.001), respectively, but did not suppress
PD-L1 mRNA expression (Fig. S2a–d).
We next measured the surface and intracellular expression

of PD-L1 and ZEB1 by FACS. The PD-L1 surface expression
in TE8 cells was low; thus to investigate the influence of
ZEB1 on PD-L1 expression more clearly, TE8 cells transfected
by siZEB1 were treated with INF-c (5 ng/mL). FACS analysis
confirmed that siZEB1 suppressed intracellular expression of
ZEB1 (Fig. 4d). Surface expression of PD-L1 was also sup-
pressed by siZEB1 (Fig. 4e). siZEB1 promoted E-cadherin
expression and did not change vimentin expression (Fig. 4f).
These results suggest that ZEB1 regulates PD-L1 expression in
ESCC cell lines.

EMT and PD-L1 expression induced by TGF-b1. Transforming
growth factor-b is a potent inducer of EMT in epithelial can-
cers.(34,35) As mentioned above, TE5, TE6 and TE11 cells
show epithelial characteristics. We treated these cells with
TGF-b1 for 96 h and confirmed that their cobblestone-like
epithelial morphology changed to a spindle-like mesenchymal
morphology (Fig. 5a). WB analysis revealed low expression of
E-cadherin, high expression of Vimentin and ZEB1 (Fig. 5b).
We measured the surface expression of PD-L1 by FACS and
found that PD-L1 expression was clearly increased in TE5,
TE6 and TE11 cells (Fig. 5c–e). These results revealed that
TGF-b1-induced ZEB1 expression resulted in EMT phenotype
and high surface expression of PD-L1 in ESCC cell lines hav-
ing cobblestone-like epithelial phenotype.

Discussion

Many reports have demonstrated PD-L1 expression in many
types of human cancer.(7,8) However, the mechanism and pat-
tern of PD-L1 expression in ESCC has been poorly under-
stood. In the present study, patients with PD-L1 positive
expression had significantly poorer prognosis than those with
negative expression. A previous study reported that prognosis
was not related to PD-L2 expression in ESCC.(36) Our previous
study reported that among patients with high expression of
HLA class I, high PD-L1 expression was correlated with sig-
nificantly poorer RFS and OS in ESCC.(21) These results

Fig. 3. Characteristics of the esophageal squamous cell carcinoma cell lines. (a) Morphological features of TE5, TE6, TE8 and TE11 cells. TE5, TE6
and TE11 exhibited mesenchymal-epithelial transition features; TE8 exhibited epithelial-mesenchymal transition features. (b–e) Analysis of ZEB1,
E-cadherin, Vimentin and TGF-b1 mRNA expression in TE5, TE6, TE8 and TE11 cells by quantitative real-time PCR. (f) Western blotting analysis of
ZEB1, E-cadherin and Vimentin in TE5, TE6, TE8 and TE11 cells.
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implied that compared with patients with low HLA class I
expression, patients with high HLA class I expression might
be more likely to be affected by the PD-1/PD-L1 interaction
that inhibits the CD8 T cell response and permits tumor pro-
gression. In the current study, we focused on PD-L1 expres-
sion at the invasive front of ESCC. Our data showed that
overexpression at the invasive front was associated with
advanced stage and poor survival in ESCC, suggesting that
PD-L1 expression status at the deep invasive site might be a
critical predictor of malignant potential of ESCC.
For patients in whom overexpression of tumor PD-L1 was

observed prior to treatment, anti-PD-1/PD-L1 directed therapy
could lead to improved clinical outcomes.(13) Thus, high
PD-L1 expression may be a predictive marker for efficacy of
PD-1/PD-L1 directed immune therapy. We evaluated CD8
expression to evaluate the immune response at the invasive
front of ESCC. One mechanism that limits the host immune
response in cancer tissues is via upregulation of PD-L1 and
the combining of PD-L1 to PD-1 on antigen-specific CD8+ T
cells, which are controlled by two mechanisms: innate immune
resistance and adaptive immune resistance.(7,37,38) Several
reports showed that the relationships between CD8+ T cell and
PD-L1 expression were either an equilateral correlation or
inverse correlation. This controversy may be a result of the
differences in fields focused on the histological specimens. In
this report, CD8+ T cell infiltration was reversely correlated

with PD-L1 expression, because we focused on the invasive
front of cancer tissues. Besides these statistical results, in some
cases, high PD-L1 expression on TCs without EMT changes
were also observed to be associated with CD8+ lymphocyte
infiltration (data not shown). These findings suggest at least
two different pathways for PD-L1 expression under the control
of adaptive immune resistance in ESCC(7,39): one is infiltrating
CD8+ lymphocyte-mediated IFN-c-induced PD-L1 upregula-
tion, and the other is TGF-b-mediated PD-L1 expression asso-
ciated with EMT. Our in vitro data showing that both IFN-c
and TGF-b upregulated PD-L1 expression of TE cell lines sup-
port this hypothesis. Therefore, adaptive immune resistance
around PD-L1 expression in cancer cells might accelerate
tumor progression at the invasive front of ESCC.
Epithelial-mesenchymal transition is related with metastasis

and invasion of cancer.(15) In ESCC, EMT status was signifi-
cantly associated with invasion, metastasis and prognosis.(40)

We previously reported that the transcriptional factor Ets-1
upregulates the expression of c-Met, and consequently confers
on cells a highly motile phenotype leading to an EMT-like
form.(41,42) Some studies have reported a relationship between
PD-L1 expression and EMT in various cancers.(43–45) Ock
et al. reported that EMT with PD-L1 expression was an inde-
pendent upstream pathway distinct from human papilloma
virus/p16 association in head and neck squamous cell carci-
noma.(43) PD-L1 was reported to function in the promotion of

Fig. 4. Regulation of PD-L1 expression by ZEB1 in the TE8 cell line. TE8 cells were transfected by two different siRNAs directed against ZEB1 or
nontargeting (NT) siRNA for 48 h and (a) ZEB1, (b) PD-L1 and (c) E-cadherin mRNA expression levels were examined by quantitative real-time
PCR. The results are expressed as fold mRNA expression levels of NT siRNA treated cells (arbitrarily defined as 1) (*P < 0.001, **P < 0.05). (d, e)
Intracellular expression of ZEB1 (d) and surface expression of PD-L1 (e) in cells transfected with NT siRNA or siZEB1 and subjected to IFN-c stimu-
lation. (f) Western blotting analysis of the indicated proteins in cells transfected with NT siRNA or siRNA targeting ZEB1 and subjected to IFN-c
stimulation.
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EMT via downregulation of E-cadherin and upregulation of
Slug and Twist in skin epithelial cells.(44) Another report
showed that the bidirectional effect between EMT status and
PD-L1 expression, especially in the Claudin-low subtype of
breast cancer cells, was mainly dependent on the activation of
the PI3K/AKT pathway.(45) In this study, we proposed a novel
ZEB1-PD-L1 pathway and relationship with EMT at the inva-
sive front of ESCC. The ZEB1 transcription factor strongly
induces EMT in cancer metastasis, acting through transcrip-
tional repression of E-cadherin.(46,47) Because the PD-L1 pro-
moter region contains a ZEB1 binding site, we hypothesized
that ZEB1 possibly affected PD-L1 expression (UCSC Gen-
ome Browser).(48) We herein report that ZEB1 expression was
correlated with PD-L1 expression at the invasive front of
ESCC. In ESCC cell lines, siZEB1 suppressed PD-L1 expres-
sion through the ZEB1-PD-L1 pathway and TGF-b1 inducing
EMT. Our data implied that ZEB1 transcription factor is
upstream of the PD-L1 signal pathway and regulates PD-L1
expression, which simultaneously induces EMT and avoidance
of the immune system. Chen et al. reported that microRNA-
200 (miR-200) targeted PD-L1 and ZEB1 relieved miR-200
repression and PD-L1 on tumor cells leading to CD8+ T-cell
immunosuppression and metastasis in lung cancer.(49) Simi-
larly, Noman et al. reported that the selective upregulation of
PD-L1 was dependent on the ZEB1/miR-200 axis in breast
cancer.(50) In this article, we designed our study focus based
on the PD-L1 gene promoter region containing a binding site
for ZEB1. No report has previously investigated the PD-L1
gene promoter region for ZEB1 binding so far. We first
showed relationship of PD-L1 and ZEB1 by focusing on the

gene promoter region. However, we consider that ZEB1 might
have two signal pathways in the tumor microenvironment: one
by direct regulation through the gene promoter region, and
another by indirect regulation through miR-200.
Several factors, such as IFN-c, TLR, JAK/STAT and

viruses, regulate PD-L1 expression.(51) PD-L1 is induced under
inflammatory conditions, triggered by several cytokines,
especially IFN-c, and exogenous stimuli delivered by patho-
gen-associated molecular patterns. Receptor-mediated signaling
molecules that affect the cell cycle, proliferation, apoptosis,
and survival (including NF-jB, MAPK, PI3K, mTOR, and
JAK/STAT) are involved in PD-L1 induction.(51) Upregulation
of PD-L1 in immune cells and several cancer cells is
heavily dependent on TLR- or IFN-c-mediated signaling
pathways.(51–54) Several reports have shown that TGF-b1
induces ZEB1 expression(22,23) and EMT.(34,35) Our data
showed that TGF-b1 induced ZEB1, and subsequently induced
PD-L1 expression in ESCC, which is consistent with several
reports showing PD-L1 induction by TGF-b.(55–57)

In conclusion, PD-L1 expression at the invasive front was
related to ZEB1 expression, EMT and poor prognosis in ESCC.
We suggest that a cooperative mechanism between tumor
immune avoidance and EMT contributes to tumor malignancy.
Whether the ZEB1-PD-L1 signal pathway could be a target in
treatment for ESCC requires further investigation.
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analysis of the indicated proteins in cells treated by TGF-b1 for 96 h. (c–e) FACS analysis of surface expression of PD-L1 in TE6 cells co-treated
with TGF-b1 and IFN-c as indicated.
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Fig. S1. Prognosis according to ZEB1 expression in the patients with esophageal squamous cell carcinoma. (a) Overall and (b) relapse free sur-
vival rates of patients with esophageal squamous cell carcinoma in relation to ZEB1 expression status.

Fig. S2. PD-L1 expression after siTwist and siSnail transfection. TE8 cells were transfected by siTwist (a, b) and siSnail (c, d) or nontargeting
(NT) siRNA for 48 h. Two different siRNAs directed against Twist and Snail were used. (a) Twist, (b) PD-L1, (c) Snail, and (d) PD-L1 mRNA
expression levels were analyzed by quantitative real-time PCR. The results are expressed as fold mRNA expression levels of NT siRNA treated
cells (arbitrarily defined as 1) (*P < 0.001).

Table S1. Univariate and multivariate analyses of RFS and OS in patients with esophageal squamous cell carcinoma who underwent esophagectomy.

Table S2. Clinicopathological features according to ZEB1 expression in patients with esophageal squamous cell carcinoma who underwent
esophagectomy.
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