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Abstract. Programmed cell death‑1 (PD‑1) and its ligand 
programmed cell death 1 ligand 1 (PD‑L1) are immune 
checkpoint inhibitors that play an important role in the host 
immune avoidance mechanism of tumors. The relationship 
between PD‑L1 expression and malignancy has been reported 
in various types of cancer, such as lung and gastric cancer. 
In addition, epithelial‑mesenchymal transition (EMT) of 
cancer cells is deeply involved in the invasion and metas‑
tasis of cancer. It has been reported that zinc finger E‑box 
binding homeobox 1 (ZEB‑1), an EMT inducer, contributes to 
metastasis in pancreatic and colon cancer. The present study 
aimed to investigate the relationship between the expression 
patterns of two markers, PD‑L1 and ZEB‑1, and clinicopatho‑
logical characteristics and prognosis of oral squamous cell 
carcinoma (OSCC). Biopsy or surgical excision specimens 
from 169 patients with OSCC were used in the present study. 
Immunohistochemical staining with monoclonal anti‑PD‑L1 
antibody and anti‑ZEB‑1 antibody was conducted. Cases 
with >1% tumor cells positive for PD‑L1 and those with 
>10% tumor cells positive for ZEB‑1 were considered positive, 
respectively. The findings revealed that individual expression 
of PD‑L1 and ZEB‑1 in OSCC was not associated with tumor 
size, degree of differentiation or Yamamoto‑Kohama invasion 

pattern classification. However, co‑expression of PD‑L1 and 
ZEB‑1 was associated with higher cervical lymph node metas‑
tasis and a lower survival rate. In conclusion, the results of 
the present study indicated that co‑expression of PD‑L1 and 
ZEB‑1 could serve as a potential marker for the prognosis of 
patients with OSCC.

Introduction

Neck and distant metastases are crucial prognostic factors 
in the treatment of oral cancer. Prediction of metastases by 
identifying prognostic markers could contribute towards the 
management and treatment of oral cancer; however, to date, no 
such prognostic markers have been identified (1).

Programmed cell death 1 (PD‑1), which is expressed on 
the surface of activated T cells in healthy conditions, regu‑
lates unnecessary or heightened immune responses, including 
self‑protective responses. Upon binding to a ligand, it nega‑
tively regulates the signal transduction through an antigen 
receptor. The PD‑1 pathway is the main immune regulatory 
switch in cancer cells to escape the T‑cell immune surveil‑
lance system (2). Despite its expression in a few normal tissues, 
programmed cell death 1 ligand 1 (PD‑L1) is overexpressed in 
numerous cancer cells since it suppresses T‑cell activity (2). 
Reportedly, high PD‑L1 expression in cancer cells leads to a 
poor prognosis in various types of cancer, such as renal cell, 
hepatocellular, ovarian and non‑small cell lung cancer (3‑6).

Zinc finger E‑box binding homeobox 1 (ZEB‑1), also 
known as dEF1, ZFHX1A, Nil‑2‑a, TCF8, AREB6 or BZP, 
is a transcription factor belonging to the human ZEB family. 
Previous studies demonstrated that ZEB‑1 serves a significant 
role in epithelial‑to‑mesenchymal transition (EMT) during 
tumor invasion and metastasis in various types of human 
cancer (7‑9).

It has been reported that PD‑L1 expression may be associ‑
ated with ZEB‑1 expression and poor prognosis in esophageal 
cancer since the gene promoter region of PD‑L1 contains a 
binding site for ZEB‑1, a transcription factor associated with 
EMT (10). Tsutsumi et al (10) also reported that small inter‑
fering RNA ZEB‑1 suppressed PD‑L1 expression through the 
ZEB‑1/PD‑L1 pathway and TGF‑β1‑induced EMT in esopha‑
geal squamous cell carcinoma (ESCC) cell lines.
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Several studies have reported the individual association 
of PD‑L1 and ZEB‑1 with oral squamous cell carcinoma 
(OSCC) (11,12). These reports indicated that both PD‑L1 and 
ZEB‑1 have the potential to be useful prognostic biomarkers in 
OSCC, individually, as they are in ESCC. However, to the best 
of our knowledge, the present study was the first to explore 
the association between the expression patterns of those 
two markers in patients with OSCC and clinicopathological 
characteristics or prognosis.

Materials and methods

Clinical characteristics of the patients. A total of 169 patients 
with OSCC initially visited Tokushima University Hospital 
(Tokushima, Japan) between April 2008 and March 2014 
[including 92 men and 77 women (median age, 69.0 years; 
range, 24‑97 years)] and were enrolled in the present 
study. All of the patients underwent radical surgery and 
were followed up after treatment (mean follow up period, 
61 months; range, 3‑132 months). The present study was a 
retrospective study and was approved by the Tokushima 
University Human Investigations Committee (approval 
no. 2516; Tokushima, Japan) and adhered to the principles in 
the Declaration of Helsinki. OSCC specimens were obtained 
by biopsy or surgery after the patients had provided informed 
consent. Clinical characteristics of the patients are presented 
in Table I. The primary tumor was located at sites including 
the tongue (71 sites), lower gingiva (46 sites), upper gingiva 
(26 sites), oral floor (13 sites), buccal mucosa (12 sites) and 
hard palate (one site). Oral cancer specimens were obtained 
during biopsy or surgery, and all patients were treated surgi‑
cally. Tumor size and clinicopathological stage of OSCC 
were classified according to the 2002 TNM classification 
general rules (13) (all samples used in the present study 
were collected before the revision of TNM classification 
in 2017), and the numbers of T1, T2, T3 and T4 cases were 
39, 88, 16 and 26, respectively. The histological types of the 
obtained specimens were well‑differentiated, moderately 
differentiated and poorly differentiated in 72, 90 and seven 
cases, respectively. Furthermore, in the present study, the 
Yamamoto‑Kohama (YK) classification, a modified version 
of the classification proposed by Jakobsson et al (14) and 
Willén et al (15), was used to determine the pathological 
grade of tumor invasion (16). The number of cases classified 
under grades YK 1, YK 2, YK 3, YK 4C and YK 4D were 
13, 41, 66, 30 and 14, respectively. In addition, unknown 
grade was assigned to five cases, as specimens of these cases 
were not collected deeply enough to clearly observe the 
tumor invasion front. In the present study, the tumor inva‑
sion front was defined as in a previous report, as the most 
progressed, with three to six tumor cell layers or detached 
tumor cell groups at the advancing edge of the histological 
specimen (17). Finally, the number of patients diagnosed 
with lymph node metastasis was counted, and 53 patients 
were diagnosed between the initial diagnosis and the end of 
the 5‑year follow‑up period.

Immunohistochemistry. The obtained specimens were fixed 
in neutral 10% formalin for 24 h at room temperature and 
embedded in paraffin after resection; 5‑µm sections were 

obtained and transferred onto slides. The sections were 
deparaffinized in xylene and dehydrated in graded ethanol. 
Standard hematoxylin and eosin (H&E) staining was 
performed by the Department of Pathology, Tokushima 
University Hospital, at room temperature. Endogenous 
peroxidase activity was blocked using 3% hydrogen peroxide 
for 5 min at room temperature, and antigen retrieval 
using 10 mM citrate buffer solution was performed in a 
microwave oven. Immunostaining was performed using 
an avidin‑biotin‑peroxidase enzyme complex (ABC kit; 
cat. no. PK4001; Vector Laboratories, Inc.). Briefly, the 
sections were incubated with monoclonal rabbit anti‑human 
PD‑L1 (dilution 1:1; clone SP142; cat. no. 518113193; Roche 
Diagnostics) and monoclonal rabbit anti‑human ZEB‑1 
(dilution 1:100; clone EPR17375; cat. no. ab203829; Abcam) 
antibodies overnight at 4˚C, and subsequently incubated with 
secondary anti‑rabbit antibody (ABC kit; cat. no. PK4001; 
Vector Laboratories, Inc.) for 30 min at room temperature 
followed by the avidin‑biotin complex reagent. The sections 
were incubated in substrate 3,3‑diaminobenzidine (0.05%) 
for 20 min at room temperature and 0.1% hydrogen peroxide 
for 8 min. The immunohistochemically stained images 
were observed using a light microscope (BX43; Olympus) 
in at least five fields of view, each at a different magnifica‑
tion (magnification, x40‑400). Thereafter, the percentage of 
tumor cells in the images was evaluated, and the specimens 
were graded as negative or positive for PD‑L1 and ZEB‑1. 
Briefly, expression of PD‑L1 was considered as positive 
when >1% of all tumor cells were stained (18), and ZEB‑1 
was considered as positive when >10% of all tumor cells 
were stained (19). In the following sentences, positive results 
are indicated as (+), and negative results are indicated as (‑). 
For example, PD‑L1 (+)/ZEB‑1 (‑) indicates PD‑L1‑positive 
and ZEB‑1‑negative staining. Additionally, the expression 
patterns of PD‑L1 and ZEB‑1 were divided into four groups: 
Type A, PD‑L1 (+)/ZEB‑1 (+); Type B, PD‑L1 (+)/ZEB‑1 (‑); 
Type C, PD‑L1 (‑)/ZEB‑1 (+); Type D, PD‑L1 (‑)/ZEB‑1 (‑).

Statistical analyses. The χ2 test, Fisher's exact test, 
Kruskal‑Wallis test, and Mann‑Whitney U test were used to 
statistically analyze the relationship between the expression 
levels of PD‑L1 and ZEB‑1 and clinicopathological factors. 
Survival analysis was performed using the Kaplan‑Meier 
method and compared using the log‑rank test. A Cox hazard 
regression model was used for multivariate analysis. Analyses 
were performed using BellCurve for Excel (Social Survey 
Research Information Co., Ltd.). The results were quantified 
using hazard ratios (HRs) and 95% confidence intervals (CIs). 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Expression of PD‑L1 and ZEB‑1 in OSCC. As shown in H&E 
staining images (Fig. 1A and E), cancer cell nests with various 
size were observed. Representative staining images of PD‑L1 
and ZEB‑1 proteins are shown in Fig. 1. The analysis revealed 
that PD‑L1 protein was expressed in the cell membrane 
of cancer cells (Fig. 1B and C), whereas ZEB‑1 protein 
was mainly observed in the intercellular substance and cell 
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membrane of cancer cells localized at the invasion front of the 
tumor (Fig. 1F and G).

The expression rates of PD‑L1 and ZEB‑1 in oral cancer 
tissues from 169 patients with OSCC are summarized in 
Table II. The positive rates of PD‑L1 and ZEB‑1 expression 
in patients with OSCC were 60.9% (103/169 patients) and 
28.4% (48/169 patients), respectively.

Association of PD‑L1 and ZEB‑1 expression with clini‑
copathological characteristics. The statistical association 
between PD‑L1 expression and clinicopathological features is 
demonstrated in Table III. PD‑L1 expression was significantly 

associated with YK classification (P=0.02) and lymph node 
metastasis (P=0.02), although there was no statistical differ‑
ence between PD‑L1 expression and tumor size (P=0.97) or 
histological differentiation (P=0.64).

The association between ZEB‑1 expression and clini‑
copathological features is presented in Table IV. Similar 
to PD‑L1, ZEB‑1 expression was significantly associated 
with YK classification (P=0.03) and lymph node metastasis 
(P<0.01). However, there was no association between ZEB‑1 
expression and tumor size (P=0.25) or histological differentia‑
tion (P=0.47).

The association of PD‑L1 and ZEB‑1 expression patterns 
with clinicopathological features is summarized in Table V. 
It should be noted that PD‑L1 and ZEB‑1 expression pattern 
was significantly associated with cervical lymph node 
metastasis. Cervical lymph node metastases were observed 
in 57.5% (23/40 patients) of Type A [PD‑L1 (+)/ZEB‑1 (+)] 
patients (P<0.01), whereas it was observed in 17.2% (10/58 
patients) Type D [PD‑L1 (‑)/ZEB‑1 (‑)] patients (P<0.01). 
These findings suggested that co‑expression of PD‑L1 and 
ZEB‑1 was predominantly associated with the development 
of cervical metastases. With respect to the invasion mode 
(YK classification), the combination of Type A and D showed 
a P‑value near statistical significance (P=0.053) across all 
types, even though there was no statistical significance among 
all combinations. Briefly, Type A tended to exhibit a poor inva‑
sion mode (YK 4D), whereas Type D tended to show a clear 
border between tumor and normal tissue (YK 1). By contrast, 
tumor size (T classification) and histological differentiation 
were not affected by PD‑L1 and ZEB‑1 expression.

Survival analysis. The survival rates of patients with OSCC 
with and without PD‑L1 expression are demonstrated in Fig. 2. 
PD‑L1 (+) patients had a 5‑year survival rate of 88.2%, whereas 
PD‑L1 (‑) patients were alive at the 5‑year point. Briefly, PD‑L1 
expression was associated with a significantly worse prognosis 
for patients when compared with those without or with lower 
PD‑L1 expression (P=0.0016).

The survival rates of patients with OSCC with and 
without ZEB‑1 expression are revealed in Fig. 3. ZEB‑1 (+) 
patients demonstrated a significantly lower survival rate when 
compared with ZEB‑1 (‑) patients; the 5‑year survival rate was 
77.6% in the ZEB‑1 (+) group, whereas it was 99.0% in the 
ZEB‑1 (‑) group (P<0.001).

The combined effects of PD‑L1 and ZEB‑1 expression 
on the survival rate of patients with OSCC are summarized 
in Fig. 4. As shown, Type D and Type C patients demon‑
strated a 100% 5‑year survival rate. The 5‑year survival 
rate of Type B patients was 98.2%. By contrast, Type A 
patients showed a significantly worse prognosis than the 
other groups, with a 5‑year survival rate of 73.1% (P<0.001) 
across all groups.

The results of a multivariate analysis of the factors asso‑
ciated with survival rate are shown in Table VI. The results 
indicated that N status (HR, 7.06; 95% CI, 1.24‑40.07; 
P=0.03) and ZEB‑1 expression (HR, 8.32; 95% CI, 1.70‑40.07; 
P=0.004) were significantly associated with survival rate. Cox 
analysis for PD‑L1 could not be performed since no deaths 
were reported in the PD‑L1 (‑) patient group in the present 
study.

Table I. Clinicopathological characteristics of the patients.

  Number of
Characteristic Group patients

Sex Male 92
 Female 77
Primary site Tongue 71
 Lower gingiva 46
 Upper gingiva 26
 Oral floor 13
 Buccal mucosa 12
 Hard palate 1
T classification T1 39
 T2 88
 T3 16
 T4 26
Histological Well differentiated 72
differentiation Moderately differentiated 90
 Poorly differentiated 7
YK classification YK 1 13
 YK 2 41
 YK 3 66
 YK 4C 30
 YK 4D 14
 Unknown 5
N status Negative 116
 Positive 53

YK, Yamamoto‑Kohama.

Table II. Expression rates of PD‑L1 and ZEB‑1.

 Patients with positive
Marker expression/total patients Percentage (%)

PD‑L1 103/169 60.9
ZEB‑1 48/169 28.4

PD‑L1, programmed cell death 1 ligand 1; ZEB‑1, zinc finger E‑box 
binding homeobox 1.
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Discussion

The results obtained in the present study demonstrated 
that both PD‑L1 and ZEB‑1 were associated with the inva‑
sion mode and lymph node metastasis of OSCC. Notably, 
co‑expression of PD‑L1 and ZEB‑1 was strongly associated 

with higher cervical lymph node metastasis and a lower 
survival rate, even though it has been hypothesized that the 
survival rate may be biased since several cases were at the 
early stages of OSCC [T1: 39 cases and T2: 88 cases; Total: 
127/169 cases (75%)] and inoperable cases were not included 
in the present study.

Table III. Statistical association between PD‑L1 expression and clinicopathological features.

Clinicopathological feature Group PD‑L1 (+) (n=103) PD‑L1 (‑) (n=66) P‑value

T classification T1 25 14 0.97a

 T2 52 36 
 T3 7 9 
 T4 19 7 
Histological differentiation Well differentiated 46 26 0.64a

 Moderately differentiated 53 37 
 Poorly differentiated 4 3 
YK classification YK 1 8 5 0.02a

 YK 2 17 24 
 YK 3 45 21 
 YK 4C 20 10 
 YK 4D 10 4 
 YK unknown 3 2 
N status Negative 64 52 0.02b

 Positive 39 14 

aMann‑Whitney U test; bχ2 test. PD‑L1, programmed cell death 1 ligand 1; YK, Yamamoto‑Kohama.

Figure 1. Typical histological images of oral squamous cell carcinoma tissues. (A and E) Routine H&E staining. (B and C) Positive PD‑L1 expression (low and 
high magnification). (D) Negative PD‑L1 expression. (F and G) Positive ZEB‑1 expression (low and high magnification). Yellow arrowhead indicates the tumor 
invasion front. (H) Negative ZEB‑1 expression. A, B, D, E, F and H: Scale bar, 500 µm; C and G: Scale bar, 50 µm. PD‑L1, programmed cell death 1 ligand 1; 
ZEB‑1, zinc finger E‑box binding homeobox 1. 
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PD‑L1 expression has already been identified in several 
types of cancer, including head and neck cancer (20‑28). In 
cancer, PD‑L1 is expressed on the surface of tumor cells and 
non‑transformed cells in the tumor microenvironment (2). 
PD‑L1 is expressed on the plasma membrane of tumor 
cells and binds to PD‑1 on the surface of activated T cells, 
inhibiting T‑cell proliferation and activation. Inactivated 
T cells then remain in the tumor microenvironment without 

migrating, leading to tumor cells being resistant to host 
immunity (2). Certain studies have revealed that PD‑L1 
expression leads to worse outcomes (25,29‑31). For instance, 
Lin et al (11) reported that higher PD‑L1 expression levels 
in OSCC were associated with several clinicopathological 
factors, such as female sex and distant metastases. Although 
there was no relationship between sex and PD‑L1 expression 
in the present study, PD‑L1 expression was associated with 

Table IV. Statistical association between ZEB‑1 expression and clinicopathological features.

Clinicopathological feature Group ZEB‑1 (+) (n=48) ZEB‑1 (‑) (n=121) P‑value

T classification T1 8 31 0.25a

 T2 27 61 
 T3 3 13 
 T4 10 16 
Histological differentiation Well differentiated 19 53 0.47a 
 Moderately differentiated 24 66 
 Poorly differentiated 5 2 
YK classification YK 1 1 12 0.03a 
 YK 2 9 32 
 YK 3 20 46 
 YK 4C 12 18 
 YK 4D 5 9 
 YK unknown 1 4 
N status Negative 21 95 <0.01b

 Positive 27 26 

aMann‑Whitney U test; bχ2 test. ZEB‑1, zinc finger E‑box binding homeobox 1; YK, Yamamoto‑Kohama.

Table V. Statistical association between PD‑L1 and ZEB‑1 expression and clinicopathological features. 

  Type A Type B Type C Type D
Clinicopathological feature Group (n=40) (n=63) (n=8) (n=58) P‑value

T classification T1   7 18 1 13 NS
 T2 22 30 5 31 
 T3   2   5 1   8 
 T4   9 10 1   6 
Histological differentiation Well differentiated 15 31 4 22 NS
 Moderately differentiated 21 32 3 34 
 Poorly differentiated   4   0 1   2 
YK classification YK 1   1   7 0   5 0.053a

 YK 2   6 11 3 21 
 YK 3 17 28 3 18 
 YK 4C 11   9 1   9 
 YK 4D   4   6 1   3 
 YK unknown   1   2 0   2 
N status Negative 17 (42.5%) 47 (74.6%) 4 (50.0%) 48 (82.8%) <0.01b

 Positive 23 (57.5%) 16 (25.4%) 4 (50.0%) 10 (17.2%) 

aMann‑Whitney U test; bχ2 test. Type A, PD‑L1 (+) ZEB‑1 (+); Type B, PD‑L1 (+) ZEB‑1 (‑); Type C, PD‑L1 (‑) ZEB‑1 (+); Type D, 
PD‑L1 (‑) ZEB‑1 (‑). NS, not significant; PD‑L1, programmed cell death 1 ligand 1; ZEB‑1, zinc finger E‑box binding homeobox 1; YK, 
Yamamoto‑Kohama.
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not only invasion mode and high cervical metastases but also 
poor prognosis. As for the relationship between PD‑L1 and 
tumor invasion, it has been suggested that PD‑L1 expression 
may be involved in EMT via RAS/ERK signaling in a various 
types of carcinoma (32).

ZEB‑1 is known as one of the transcription factors 
that are capable of downregulating E‑cadherin expression. 
Yao et al (12) suggested that suppressed E‑cadherin expression 
resulted in a worse prognosis due to increased OSCC migration 

and invasion, leading to metastasis. Tsutsumi et al (10) experi‑
mentally demonstrated that the expression of E‑cadherin 
was upregulated when ZEB‑1 was knocked down. Previous 
studies have reported that ZEB‑1 overexpression is signifi‑
cantly associated with aggressive disease and poor clinical 
prognosis, including increased metastasis and post‑treatment 
recurrence in other human malignancies, such as uterine 
cervical, breast and pancreatic cancer, and hepatocellular 
carcinoma (11,12,25‑36). Consistent with these findings, the 
ZEB‑1 (+) group, which accounted for 28.4% of all patients 
with OSCC in the present study, showed a significantly worse 
type of YK classification and exhibited a significantly worse 
clinical outcome i.e., higher lymph node metastasis and lower 
overall survival rate.

In terms of the relationship between PD‑L1 and ZEB‑1, 
it has been hypothesized that ZEB‑1 has a binding site in the 
promoter region of PD‑L1. Tsutsumi et al (10) demonstrated 
using ESCC cell lines that PD‑L1 mRNA and protein expres‑
sion levels were suppressed upon ZEB‑1 silencing mediated 
by small interfering RNA. These findings suggested that the 
ZEB‑1 transcription factor may exist upstream of the PD‑L1 
signaling pathway, and ZEB‑1 could be one of the regulation 
factors of PD‑L1 expression, while simultaneously inducing 
EMT and evading the immune system, even though it has 
been hypothesized that other mechanisms may also affect the 
regulation of gene expression.

The present findings revealed that the co‑expression 
pattern of PD‑L1 and ZEB‑1 led to poor prognosis in patients 
with OSCC, which could have been caused by EMT and the 
evasion of immune surveillance mechanisms. Briefly, this 
situation may have occurred since ZEB‑1, an EMT‑related 
factor, binds to the promoter region of the PD‑L1 gene and 
regulates the expression of PD‑L1, which is involved in EMT 
through RAS/ERK signaling. To confirm this hypothesis, it 
is necessary to collect more data on patients with OSCC, and 
to conduct further in vitro and in vivo experiments in future 
studies. Although it is a matter for speculation, PD‑L1 and 
ZEB‑1 could be useful prognostic markers for OSCC since the 
expression patterns can be examined by immunohistochemical 
staining without additional burden for the patients, such as a 
collection of tissue and blood samples.

In conclusion, PD‑L1 and ZEB‑1 expression was revealed 
to be associated with higher cervical lymph node metastasis 

Figure 3. Overall survival curves according to ZEB‑1 expression. **P<0.01. 
ZEB‑1, zinc finger E‑box binding homeobox 1.

Figure 4. Overall survival curves according to PD‑L1 and ZEB‑1 expression. 
**P<0.01 across all four groups. PD‑L1, programmed cell death 1 ligand 1; 
ZEB‑1, zinc finger E‑box binding homeobox 1.

Table VI. Multivariate analysis of factors affecting overall 
survival in oral squamous cell carcinoma.

Factor HR 95% CI P‑value

Age 1.00 0.95‑1.05 0.98
T classification 0.74 0.37‑1.51 0.41
Histological type  2.04 0.53‑7.82 0.29
YK classification 2.26 0.84‑6.07 0.11
N status 7.06 1.24‑40.07 0.03
ZEB‑1 8.32 1.70‑40.07 0.004

ZEB‑1, zinc finger E‑box binding homeobox 1; YK, 
Yamamoto‑Kohama.

Figure 2. Overall survival curves according to PD‑L1 expression. **P<0.01. 
PD‑L1, programmed cell death 1 ligand 1.
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and poor prognosis in OSCC. In particular, co‑expression of 
PD‑L1 and ZEB‑1 was highly associated with poor prognosis 
in OSCC. Therefore, PD‑L1 and ZEB‑1 could serve as useful 
markers for predicting the prognosis of patients with OSCC 
and their clinical relevance should be explored further.
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