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Abstract. Gastric cancer is one of the most prevalent 
malignant tumors worldwide. Immunological checkpoint 
inhibitors of the programmed death 1 (PD-1)/programmed 
cell death-ligand 1 (PD-L1) signaling pathway are effective 
in the treatment of various malignant tumor types, but the 
potential of such immunotherapeutic techniques for the treat-
ment of gastric cancer is yet to be elucidated. The purpose 
of the present study was to investigate the methylation of 
the PD-L1 gene promoter and its clinical significance in 
advanced gastric cancer, as this may suggest the use of PD-L1 
promoter methylation as a novel biomarker for gastric cancer 
progression. In a total of 70 samples, the methylation rate 
of the PD‑L1 gene promoter region was significantly higher 
in gastric cancer tissues compared with adjacent tissues. A 
high level of PD-L1 promoter methylation was associated 
with lymph node staging, and resulted in poorer prognoses in 
patients with advanced gastric cancer. A total of 26 patients 
exhibited highly methylated PD-L1; in this group, the 
median progression-free survival time of patients receiving 
platinum/fluorouracil chemotherapy was 4.2 months longer 
than those receiving paclitaxel/fluorouracil chemotherapy, 

and the risk of disease progression in patients receiving 
paclitaxel/fluorouracil chemotherapy was 5.009 times higher 
compared with patients who received platinum/fluorouracil 
chemotherapy. Additionally, PD-L1 promoter methylation 
was significantly correlated with PD‑L1 expression, and the 
progression of advanced gastric cancer. In conclusion, high 
methylation levels of the PD-L1 promoter region may be a 
faciliatory mechanism enabling gastric cancer tumorigenesis, 
and may also represent an independent prognostic factor for 
chemotherapeutic efficacy in patients with advanced gastric 
cancer.

Introduction

Gastric cancer is a highly prevalent malignant tumor type; 
according to the Global Cancer Epidemiology Statistics 
(GLOBOCAN) (1), published in 2018, gastric cancer is the 
fifth most common cancer type and the third leading cause 
of cancer‑related mortality globally. Notably, >50% of cases 
occur in Asia, and the incidence in men is ~2 times that in 
women. Gastric cancer is highly heterogeneous and typically 
asymptomatic during the early stages. The majority of patients 
are diagnosed in the advanced stage leading to a low 5‑year 
survival rate of 20‑25% (2). Gastric cancer is also highly 
invasive and often results in distant metastasis. Currently, 
an individualized chemotherapy regime is the most common 
therapeutic method in patients with recurrent and unresect-
able advanced gastric cancer; first‑line treatment consists of 
fluorouracil chemotherapy, combined with platinum and/or 
paclitaxel to form a two- or three-drug regimen. However, the 
median overall survival (OS) time in patients with advanced 
gastric cancer is just 10‑15 months (3). Therefore, it is impor-
tant to improve the therapeutic efficacy of treatment options, 
and to study the mechanisms of tumorigenesis and progression 
in gastric cancer.

Previous studies have determined that the occurrence and 
development of human tumors are associated with epigenetic 
alterations, which refers to reversible genetic phenotypic 
changes that are not caused by changes to the DNA sequence, 
but remain relatively stable during cell division. These heri-
table alterations provide an outer transcriptional control model 
used for the regulation of gene expression, and are implicated 
in tumor development and progression (4). DNA methylation 
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plays an important role in epigenetics, and abnormal DNA 
methylation patterns may lead to transcriptional repression, 
cell cycle disorder, abnormal activation or inactivation of 
signaling pathways, abnormal apoptotic mechanisms, activa-
tion of proto‑oncogenes and tumorigenesis (5‑8).

Immunotherapy has gained traction as a viable treatment 
option for multiple cancer types. Programmed death-1 (PD-1), 
a member of the CD28 superfamily, is an important immu-
nosuppressive molecule. Immunoregulatory targeting of PD-1 
exhibits significant potential in tumor therapy; its ligand PD‑L1 
(programmed cell death-Ligand 1) is a transmembrane protein 
(40 kDa) that can be targeted using antibodies. Typically, the 
immune system responds to foreign antigens that accumulate 
in the lymph nodes or spleen by promoting T-cell prolifera-
tion, with antigen specificity. Tumor cells evade destruction by 
T-cells by expressing PD-L1 on their surface. When T-cell 
PD-1 recognizes its ligand (PD-L1) it transmits inhibitory 
signals, and hence prevents T-cell activation. PD-1/PD-L1 
inhibitors block the binding of PD-1 to PD-L1, preventing 
negative regulatory signals and restoring T-cell activity, 
thereby enhancing the immune response (9,10). Currently, 
immunological inhibitors of PD-1/PD-L1 signaling pathway 
checkpoints are effective in the treatment of malignant tumors, 
such as melanoma, non-small cell lung cancer (NSCLC) and 
lymphoma (11-13). However, the potential of immunotherapy 
as a treatment option for patients with gastric cancer remains 
to be elucidated.

The purpose of the present study was to investigate the 
methylation status of the PD-L1 gene in the cancerous and 
adjacent tissues of patients with gastric cancer, alongside 
immunohistochemical analysis of the PD-L1 protein. The 
association between PD-L1 methylation patterns and clinical 
characteristics, chemotherapy efficacy, progression-free 
survival (PFS) and OS times in patients with advanced gastric 
cancer was evaluated.

Materials and methods

Patients and sample collection. A total of 70 paraffin‑embedded 
tissue samples were collected from patients with advanced 
gastric cancer, comprised of 49 men (30-83 years) and 
21 women (43-79 years), who were hospitalized at the Second 
Affiliated Hospital of Dalian Medical University (Liaoning, 
China) between January 2010 and August 2017, and were 
retrospectively analyzed in the present study. A total of 
20/70 patients with gastric cancer were selected, and the adja-
cent tissues of these 20 patients were used as controls. The 
inclusion criteria were as follows: i) Recurrence after radical 
gastrectomy or palliative surgery was histopathologically 
confirmed as gastric cancer; ii) full follow‑up data were avail-
able; iii) patients had received ≥2 cycles of chemotherapy at 
the Second Affiliated Hospital of Dalian Medical University 
(Liaoning, China); iv) lesions were measured using imaging 
machines such as CT or MRI; and v) the Eastern Cooperative 
Oncology Group score was ≤2 points. The exclusion criteria 
included: i) Patients who had previously received chemo-
therapy, radiotherapy and/or biological treatment at another 
institution; ii) patients with abnormal liver, kidney or bone 
marrow function; and iii) patients with other organ diseases, 
immune dysfunction or malignant tumors. All 70 patients 

were followed up via clinical visits or telephone calls; the final 
follow-up was conducted in January 2019 and the median 
follow‑up time was 10.55 months. Tumor stage was classified 
according to the American Joint Committee on Cancer TNM 
staging system (7th edition). The present study was approved 
by the Ethics Committee of the medical university and the 
patients provided written informed consent.

Efficacy evaluation criteria. The majority of patients received 
two-drug combination chemotherapy (n=49), with fewer 
patients receiving single-agent (n=12) or three-drug combina-
tion treatment (n=9). Patients that received two-drug therapy 
were divided into paclitaxel/fluorouracil and platinum/fluoro-
uracil groups. Evaluation of treatment efficacy was calculated 
for all patients following 2-3 cycles of chemotherapy, according 
to the Response Evaluation Criteria in Solid Tumors 1.1 
(RECIST1.1). The chemotherapy efficacy and disease control 
rates were calculated as [complete response (CR) + partial 
response (PR)]/total cases x100%, and [CR + PR + stable 
disease (SD)]/total cases x100%, respectively.

Methylation‑specific PCR (MSP). PD-L1 gene promoter 
methylation was detected using MSP. Genomic DNA isolation 
was performed on five 10‑µM paraffin‑fixed sections using 
a genomic DNA extraction kit, and bisulfite‑mediated DNA 
modification was performed using the EZ DNA Methylation 
Kit (both Zymo Research Corp.) according to the manufac-
turers' protocols. Methylation‑specific primers were designed 
using Sequenom Assay Design 3.1 software (Sequenom) and 
the sequences are listed in Table I. The MSP reaction (10 µl) 
included 3.5 µl ddH2O, 4 µl modified DNA, 1 µl 10X Buffer 
I, 0.1 µl HsTaq DNA polymerase mixture and 0.6 µl methyla-
tion‑specific or non‑methylation‑specific primers.

PCR was performed using the following thermocycling 
conditions: 95˚C for 5 min; 35 cycles of 95˚C for 30 sec, 63˚C 
for 30 sec and 72˚C for 30 sec; followed by extension at 72˚C for 
10 min and storage at 4˚C. PCR products were extracted after 
gel electrophoresis and subsequently sequenced (Invitrogen; 
Thermo Fisher Scientific, Inc.). Amplification using meth-
ylation-specific primers, or a lack of amplification using 
non‑methylation‑specific primers was considered to indicate 
a positive result for methylation. Additionally, amplifications 
using methylation-specific and non-methylation-specific 
primers that also exhibited partial methylation were recorded 
as positive methylation. Results indicating negative methyla-
tion were reported when no amplification was observed using 
methylation‑specific primers, or amplification was observed 
using non‑methylation‑specific primers (Fig. 1).

Immunohistochemistry (IHC). Immunohistochemical 
staining of PD‑L1 was performed on 6‑µm formalin‑fixed 
(at 4˚C, overnight), paraffin‑embedded tissue sections using 
the Immunohistochemical Streptavidin-Peroxidase kit 
(OriGene Technologies, Inc.), according to the manufac-
turer's protocol. Sections were then incubated with a primary 
anti‑PD‑L1 rabbit polyclonal antibody (1:50; ProteinTech 
Group, Inc.; cat. no. 17952‑1‑AP) at 4˚C overnight, followed 
by peroxidase-labeled secondary antibody (SPlink Detection 
Kits; pre-diluted; cat. no. SP-9001; ZSGB-BIO) staining 
at 37˚C for 1 h. Immune complexes were stained using 
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3,3'-diamino-benzidine tetrahydrochloride (DAB) substrate 
at room temperature for 1 min. Subsequently, the slides were 
counterstained using hematoxylin (Hematoxylin and Eosin 
Staining kit; cat. no. C0105) at room temperature for 1 min 
and treated with neutral balsam, according the manufacturer's 
protocol. Phosphate-buffered saline was used instead of the 
primary antibody as a negative control.

The cytoplasmic presence of pale yellow to moderate 
brown granules was considered to represent positive PD-L1 
staining. The staining was scored and averaged by three 
independent clinical pathologists according to a predefined 
scoring system (14). Five random fields were imaged from 
each slide using a BX41 light microscope (Olympus Corp.) 
at a magnification of x100. Staining was graded based on the 
intensity of the majority of the positively stained cells: 0, no 
staining; 1, pale yellow; 2, moderate brown; and 3, dark brown. 
Additionally, a score was assigned based on the average 
percentage of positively stained tumor cells from all five fields: 
0, ≤25; 1, 26‑50; 2, 51‑75; and 3, >75%. The final score was 
obtained by adding the percentage score and intensity grade, 
and stratified as: ‘‑’ =0; ‘+’ =1‑2; ‘++’ =3‑4; and ‘+++’ =5‑6. 
The ‘++’ and ‘+++’ groups denoted positive expression, whilst 
the ‘‑’ and ‘+’ groups represented negative expression.

Statistical analysis. SPSS 22.0 (IBM Corp.) was used to 
perform statistical analyses. The χ2 test was used to compare 
PD-L1 methylation patterns between cancer and adjacent 
tissues, and the Fisher's exact test was used to determine 
the association of PD-L1 methylation in cancer tissues with 
certain clinical characteristics and chemotherapeutic efficacy. 
The logistic regression model was used to find predictors of 
chemotherapy efficacy. The log‑rank test was used to compare 
survival times and Kaplan-Meier analysis was used to 
construct survival curves. Prognostic factors were analyzed by 
Cox's regression. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

PD‑L1 promoter methylation levels. The methylation rate of 
the PD‑L1 gene promoter was significantly higher in gastric 
cancer tissue samples, compared with the adjacent tissues 
[37.1% (26/70) vs. 10% (2/20); χ2=5.374; P=0.021; Table II).

Association of PD‑L1 methylation levels with clinical char‑
acteristics. PD‑L1 methylation was significantly associated 
with lymph node staging (Table III): In the gastric cancer 
tissue group, a high methylation rate of the PD-L1 promoter 
region was significantly associated with the N3 stage, but not 
with patients from the N0-N2 group (P=0.049). However, no 
association was observed between PD-L1 methylation and the 
other clinical characteristics investigated.

PD‑L1 promoter methylation is associated with increased 
protein expression. Of the 26 advanced gastric cancer tissues 
that were identified as positive for PD‑L1 promoter methylation, 
73.1% were also positive for PD‑L1 protein expression (Fig. 2). 
Additionally, out of the 44 cancer tissues negative for PD-L1 
promoter methylation, 47.7% were positive for PD‑L1 protein 
expression (Fig. 2). Furthermore, a significantly positive 
association between PD-L1 promoter methylation and protein 
expression was identified (P=0.038; Table IV).

Increased PD‑L1 methylation predicts poor chemothera‑
peutic efficacy. In the population analyzed, chemotherapy was 
significantly more effective in patients with a non‑methylated 
PD-L1 gene promoter (P=0.037) and lower lymph node stage 
(P=0.009). The rate of chemotherapeutic efficacy (P=0.038) 
and disease control (P=0.024) in patients with recurrence 
following radical gastrectomy was higher than that of patients 
who underwent palliative surgery. Consequently, these factors 
can be considered as predictors of chemotherapeutic efficacy 
in patients with gastric cancer. Other clinicopathological 

Figure 1. Representative gastric cancer samples using methylation‑specific PCR assays of PD‑L1. M, methylated alleles; U, unmethylated alleles; MS, methyl-
ated DNA Standard; NMS, non-methylated DNA Standard; PD-L1, Programmed cell death-Ligand 1; NTC, no template control; M1000, DNA marker.

Table I. Sequences and amplicon sizes of primers used for programmed cell death‑Ligand 1 methylation‑specific PCR.

Primer Sequence PCR product size, bp

Forward methylation‑specific primer 5'‑ATGTTAGGTTGGAGGTTTGGATAC‑3' 141
Forward non‑methylation‑specific primer 5'‑ATGTTAGGTTGGAGGTTTGGATAT‑3' 141
Universal reverse primer 5'‑TTCC(G/A)TTCAAAAATCCTAAACCTAC‑3' N/A
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characteristics and protein expression levels were not found 
to be significantly associated with chemotherapeutic effi-
cacy (Table V).

The results of the multivariate logistic regression analysis 
are exhibited in Table VI. Certain pre-selected patient char-
acteristics (number of lymph node metastases, recurrence 
after radical gastrectomy or palliative surgery, monotherapy 
or multi-drug combination therapy) and the degree of meth-
ylation were independent variables, and the effective rate 
of chemotherapy and disease control rate of patients were 
selected as the dependent variables. Multivariate logistic 
regression analysis demonstrated that PD-L1 methylation 
was able to independently predict chemotherapeutic efficacy 
in patients with gastric cancer. Patients with recurrence after 
radical gastrectomy exhibit improved chemotherapeutic effi-

cacy and disease control rate compared with palliative surgery 
patients (Table VI).

PFS and OS analysis. Patients exhibiting positive PD-L1 
methylation had lower mPFS and mOS times (log-rank test, 
Table VII) compared with patients with negative PD-L1 
methylation; however, the difference between groups was 
not statistically significant (Fig. 3A and B). The association 
between survival time and PD-L1 protein expression was also 
not statistically significant (Table VII). Patients receiving 
platinum/fluorouracil chemotherapy had a longer mPFS, 
suggesting an overall improvement in PFS time in patients 
receiving this treatment type. A Cox proportional hazards 
regression model was constructed, in which multivariate 
survival analyses were applied to assess the association 
between mPFS and several clinical characteristics; however, 
no significant associations were determined. The mOS time 
was greater in patients with moderately- or well-differentiated 
tumors, compared with that in those with poorly-differentiated 
tumors (P=0.012; log-rank test; Fig. 4).

Prognostic significance of PD‑L1 methylation and clinical 
characteristics. In the Cox proportional hazards regression 
model, univariate and multivariate survival analyses were 
performed to assess the association between PD-L1 methyla-
tion and several clinical characteristics. Univariate analyses 
demonstrated that tumor differentiation was associated with 
mOS time only. Multivariate analysis revealed that the degree 
of tumor differentiation (P=0.012; HR=1.965) was able to 
independently predict patient prognosis (Table VIII).

Table II. Methylation status of PD-L1 in 70 gastric cancer and 
adjacent tissues.

 PD-L1 promoter 
 methylation
 -------------------------------
Tissue type Yes No  P-value χ2 value

Gastric cancer 26 44 0.021a 5.374
Adjacent tissues   2 18

PD-L1, programmed cell death-Ligand 1. aP<0.05.

Figure 2. Tissue sections collected from patients with gastric cancer were stained for PD-L1. The intensity of extracellular staining of the PD-L1 promoter 
as observed in: (A) +++ methylated gastric cancer tissues; (B) ++, non-methylated gastric cancer tissues; (C) +, methylated gastric cancer tissues; and (D) +, 
non‑methylated gastric cancer tissues. (magnification, x400). PD‑L1, programmed cell death‑Ligand 1.
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Of the 26 patients exhibiting a methylated PD-L1 
promoter region, those receiving platinum/fluorouracil 
combination therapy had an mPFS 4.2 months longer than 
patients who received paclitaxel/fluorouracil chemotherapy 
(P=0.008; log‑rank test; Fig. 5; Table IX). Multivariate 
analysis included age and chemotherapy regimen as inde-
pendent variables, but the model constructed indicated that 
age did not produce a significant result, and it contained 
only chemotherapy regimen variables. The risk of disease 
progression in patients receiving paclitaxel/fluorouracil 
chemotherapy was 5.009 times higher than in those who 
had received platinum/fluorouracil chemotherapy. Therefore, 
Platinum‑containing first‑line chemotherapy could represent 
an independent prognostic factor for PFS time in patients 
with advanced gastric cancer exhibiting methylated PD-L1 
promoter regions (P=0.015; Table X). In the 44 patients with a 
non-methylated PD-L1 promoter region, patients with moder-

ately- or well-differentiated tumors exhibited higher mPFS 
and mOS times than patients with poorly-differentiated 
tumors (P<0.05; Table SI) and there was no other statistically 
significant difference in survival time associated with with 
treatment regimen (Table SI).

Discussion

Numerous studies have suggested that the development of 
gastric cancer is a complex, multi-factorial and multi-signal 
biological process. Factors resulting in gene mutation and 
epigenetic modifications also serve an important role in 
the tumorigenesis and progression of gastric cancer (15). In 
multiple malignancies, aberrant DNA methylation patterns are 
associated with transcriptional repression, cell cycle disorder, 
abnormal activation or inactivation of signaling pathways, 
increased cell invasion, abnormal apoptotic mechanisms, 

Table III. Correlation between PD-L1 promoter methylation and the clinicopathological characteristics.

 PD-L1 promoter methylation
 ----------------------------------------------------------------------------------------------------------
 Methylation
 -------------------------------------------------
Characteristic Patients, n Yes No P-value

Sex    
  Male 49 18 31 0.914
  Female 21   8 13 
Age, years    
  ≤60 31 12 19 0.809
  >60 39 14 25 
Recurrence/Palliative surgery   
  Recurrence 32 12 20 0.955
  Palliative surgery 38 14 24 
Tumor size    
  >5 cm 32 10 22 0.326
  ≤5 cm 35 15 20 
Lymph node staging    
  N0‑N2 34   9 25 0.049a

  N3 32 16 16 
Vessel carcinoma embolus    
  Positive 35 14 21 0.653
  Negative   2   1   1 
Perineural invasion    
  Positive 15   5 10 0.347
  Negative   5   3   2 
Degree of differentiation    
  Moderate or well 32 10 22 0.326
  Poor 35 15 20 
Pathological type    
  Simple adenocarcinoma 40 16 24 0.641
  Other 29 10 19 

PD-L1, programmed cell death-Ligand 1. aP<0.05.
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activation of proto-oncogenes and the promotion of tumori-
genesis (16).

PD-L1 (also known as CD274 or B7-H1) is a type I glyco-
protein expressed in various cells, including T cells, epithelial 
and endothelial cells, following the stimulation of proinflam-
matory mediators such as interferon-γ (17). Various studies 
have demonstrated that PD-L1 is differentially expressed in 
solid tumors, and that it serves an important role in the devel-
opment of numerous tumor types, including NSCLC (18), 
colon (19), breast (20) and ovarian cancers (21), and also in 
melanoma (22). A high expression level of PD-L1 is frequently 
observed in tumor cells and is associated with the promotion of 
metastasis and infiltration; it also facilitates tumor cell escape 
from CD8+ T cells, thereby allowing them to evade immune 
surveillance (23).

At present, the association between the expression level of 
PD-L1 and disease prognosis in patients with gastric cancer is 
inconclusive. Multiple studies have shown that the expression 
of PD-L1 is upregulated in gastric cancer tissues compared 
with little to no protein expression in adjacent tissues (24-26). 
Therefore, in the present study, IHC was performed to identify 
the different methylation states of the PD-L1 gene in gastric 
cancer tissues. Previous studies have illustrated that PD-L1 
protein expression in gastric cancer is associated with tumor 
size, lymph node metastasis and the depth of tumor inva-
sion. Moreover, patients with higher PD-L1 expression levels 
exhibited a short OS period, indicating that PD-L1 expression 
is an important prognostic factor in gastric cancer (24-26). 
However, a study in South Korea (27) determined that high 
expression levels of PD-L1 in gastric cancer cells predict 
favorable clinicopathological features and prognosis. At 
present, the majority of research on the PD-L1 gene in gastric 
cancer is focused on protein and mRNA expression, and not 
on methylation patterns. Therefore, in an attempt to elucidate 
its potential for the prediction of disease prognosis, the present 
study was conducted to explore the influence of PD‑L1 gene 
methylation and protein expression in patients with advanced 
gastric cancer, and to characterize its association with various 
clinicopathological characteristics.

HMSP was used to detect the extent of PD-L1 methyla-
tion in gastric cancer tissues (37.1%) compared with adjacent 
tissues (10%). Previously, studies have concluded that meth-
ylation of the PD-L1 promoter in prostate cancer tissues is 
higher than in normal prostate tissue (28), corroborating the 
conclusions of the present study. Notably, certain studies have 

elucidated that in human melanoma, PD-L1 expression may 
be altered by DNA hypomethylating agents (29). Moreover, 
the expression level of PD-L1 can be regulated using DNA 
methylation, in response to NF-κB or transforming growth 
factor-β signaling in NSCLC (30). In the current study, the 
PD-L1 methylation status correlated with PD-L1 protein 
expression and the number of lymph node metastases, 
implying that methylation of the PD-L1 promoter may affect 
tumor progression in advanced gastric cancer tissues, via the 
regulation of protein expression. The results of the present 
study support the hypothesis that methylation of the PD-L1 
promoter promotes lymph node metastasis, and that this may 
be due to changes in the tumor microenvironment resulting 
from PD-L1 hypermethylation. Further studies investigating 
the mechanism behind this process may offer insights into 
potential therapeutic targets or prognostic biomarkers. In 
summary, PD-L1 methylation regulates PD-L1 expression 
and may therefore, represent an optimal biomarker for the 
indication of tumor progression in patients with advanced 
gastric cancer.

It has previously been demonstrated that methylation of 
the PD‑L1 promoter may influence prognosis in numerous 
cancer types. For example, increased methylation of PD-L1 
was significantly associated with shorter recurrence‑free 
survival and OS times in patients with colorectal cancer (31). 
Similarly, in prostate cancer, high levels of PD-L1 meth-
ylation correlated with an increased risk of recurrence (28). 
Micevic et al (29) demonstrated that in melanoma, PD-L1 
hypermethylation was associated with poor OS, and was also 
considered an independent prognostic factor. By contrast, 
increased PD‑L1 methylation was significantly associated 
with the reduced risk of relapse and prolonged OS times in 
patients with acute myelocytic leukemia (32). In the present 
study, chemotherapy was less effective in patients with 
methylated PD-L1 compared with those with no methylation 
(11.5 vs. 34.1%; n=70). The results also indicated that meth-
ylation of the PD-L1 promoter may represent an independent 
prognostic factor for chemotherapeutic efficacy in the treat-
ment of advanced gastric cancer. Furthermore, patients with 
methylated PD-L1 promoters exhibited a shorter PFS and 
OS times than those without. The results of the current study 
also indicated a correlation between the methylation status 
of PD-L1 in the promoter region and OS time; however 
this result was not statistical significant, which may be 
due to the insufficient population size. Thus in the future, 

Table IV. Association between PD-L1 promoter methylation and protein expression in advanced gastric cancer tissues.

 PD-L1 protein 
 expression
 -----------------------------------------
PD-L1 promoter methylation + - Total P-value χ2 value

Methylation 19   7 26 0.038a 4.288
No methylation 21 23 44  

Total 40 30 70  

PD-L1, programmed cell death-Ligand 1. aP<0.05.
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further studies should be conducted on larger populations to 
increase the validity of the conclusions drawn.

In the present study, the log-rank test was used to compare 
the OS times, and to determine the association between, 

PD-L1 protein expression and prognosis. However, in contrast 
to previous studies, a significant association between PD‑L1 
expression and prognosis was not determined, perhaps due to 
the fact that protein expression is not solely regulated by DNA 

Table V. Correlation between clinicopathological characteristics and chemotherapeutic efficacy.

 Chemotherapy effective Disease control
 ----------------------------------------------------------- ------------------------------------------------------
Characteristic Patients, n SD + PD (%) CR + PR (%) P‑value PD (%) CR+PR+SD (%) P‑value

Total, n 70 52 (74.3) 18 (25.7)  15 (21.4) 55 (78.6) 
Sex       
  Male 49 35 (71.4) 14 (28.6) 0.403 10 (20.4) 39 (79.6) 0.990
  Female 21 17 (81.0) 4 (19.0)  5 (23.8) 16 (76.2) 
Age, years       
  ≤60 31 24 (77.4) 7 (22.6) 0.593 6 (19.3) 25 (80.7) 0.706
  >60 39 28 (71.8) 11 (28.2)  9 (23.1) 30 (76.9) 
PD-L1 promoter methylation       
  Methylation 26 23 (88.5) 3 (11.5) 0.037a 6 (23.1) 20 (76.9) 0.796
  No methylation 44 29 (65.9) 15 (34.1)  9 (20.5) 35 (79.5) 
Recurrence/Palliative surgery       
  Recurrence 32 20 (62.5) 12 (37.5) 0.038a 3 (9.4) 29 (90.6) 0.024a

  Palliative surgery 38 32 (84.2) 6 (15.8)  12 (31.6) 26 (68.4) 
Lymph node stage       
  N0‑N2 34 20 (58.8) 14 (41.2) 0.009a 5 (14.7) 29 (85.3) 0.293
  N3 32 28 (87.5) 4 (12.5)  8 (25.0) 24 (75.0) 
Vessel carcinoma embolus       
  Positive 35 27 (77.1) 8 (22.9) 0.432 7 (20.0) 8 (80.0) 0.990
  Negative 2 1 (50.0) 1 (50.0)  0 (0) 2 (100) 
Perineural invasion       
  Positive 15 10 (66.6) 5 (33.3) 0.990 1 (6.7) 14 (93.3) 0.140
  Negative 5 4 (80) 1 (20)  2 (40) 3 (60) 
Degree of differentiation       
  Moderate or well 32 22 (68.8) 10 (31.2) 0.290 4 (12.5) 28 (87.5) 0.063
  Poor 35 28 (80.0) 7 (20.0)  11 (31.4) 24 (68.6) 
Pathological type       
  Simple adenocarcinoma 40 31 (77.5) 9 (22.5) 0.426 10 (25.0) 30 (75.0) 0.441
  Other 29 20 (69.0) 9 (31.0)  5 (17.2) 24 (82.8) 
Tumor size       
  >5 cm 32 25 (78.1) 7 (21.9) 0.378 6 (18.75) 26 (81.25) 0.680
  ≤5 cm 35 24 (68.6) 11 (31.4)  8 (22.9) 27 (77.1) 
Therapy       
  Multi‑drug combination  58 40 (69.0) 18 (31.0) 0.061 10 (17.2) 48 (82.8) 0.136
  Monotherapy 12 12 (100) 0 (0)  5 (41.7) 7 (58.3) 
Chemotherapy regimen       
  Paclitaxel/Fluorouracil  24 17 (70.8) 7 (29.2) 0.749 6 (25.0) 18 (75.0) 0.181
  Platinum/Fluorouracil  27 18 (66.7) 9 (33.3)  2 (7.4) 25 (92.6) 
PD-L1 protein expression       
  + 40 30 (70.8) 10 (55.6) 0.875 7 (46.7) 33 (60.0) 0.355
  ‑ 30 22 (66.7) 8 (44.4)  8 (53.3) 22 (40.0) 

PD-L1, programmed cell death-Ligand 1; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease. aP<0.05
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methylation, but also by other upstream factors. Other poten-
tial explanations for this inconsistency may be differences 
in sample size, methods of tissue preservation (fresh frozen 
tissue vs. paraffin‑embedded tissue), detection platforms and 
antibodies used, and different thresholds selected.

The current study demonstrated that PD-L1 methylation 
is positively correlated with PD-L1 protein expression, indi-
cating that PD-L1 expression may be regulated by promoter 
methylation in gastric cancer. Previous research has reported 
that PD-L1 methylation is inversely correlated with PD-L1 
mRNA expression (31). Perhaps, PD-L1 methylation regulates 
protein expression at the mRNA level. A lack of data regarding 

PD-L1 mRNA expression meant that this was a limitation of 
the present study, thus future research should investigate the 
associations between PD-L1 promoter methylation, mRNA 
and protein expression in gastric cancer.

At present, first-line chemotherapy for advanced gastric 
cancer consists of fluorouracil, which is typically combined 
with platinum and/or paclitaxel to form a two- or three-drug 

Table VI. Multivariate logistic regression analysis.

 Chemotherapy effective Disease control
 -------------------------------------------------------------------------- --------------------------------------------------------------------------
Characteristic OR 95% CI P‑value OR 95% CI P‑value

PD-L1 promoter methylation 6.784 1.383-33.280 0.018a

Recurrence/palliative surgery 4.252 1.036‑17.456 0.045a 6.350 1.377‑29.274 0.018a

Lymph node staging 0.235 0.057‑0.965 0.082 5.588 1.175‑26.568 0.031a

Monotherapy/multi-drug combination  - 0.000 0.998

aP<0.05. PD‑L1, Programmed cell death‑Ligand 1; OR, odds ratio; CI, confidence interval.

Figure 3. Kaplan-Meier survival plot of (A) PFS and (B) OS time based on 
the methylation status of PD-L1. PFS, progression-free survival; OS, overall 
survival; PD-L1, programmed cell death-Ligand 1.

Figure 4. Kaplan-Meier survival plot of OS time based on degree of dif-
ferentiation (moderate and well/poor). OS, overall survival.

Figure 5. Kaplan‑Meier survival plot of PFS based on chemotherapy regimen 
in patients with a methylated PD-L1 promoter region. PFS, progression-free 
survival; PD-L1, programmed cell death-Ligand 1.
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regimen (33). Since there were fewer patients in the single-agent 
and three-drug combination chemotherapy groups, the patients 
with double-drug combination chemotherapy were further 
analyzed. According to the chemotherapy regimen, patients 
were divided into paclitaxel/fluorouracil or platinum/fluoro-
uracil chemotherapy groups and it was discovered that the PFS 
time of the patients receiving a first‑line chemotherapy regimen 
of platinum combined with fluorouracil was 5.6 months, which 
was longer than that of the patients receiving paclitaxel combined 
with fluorouracil (4.2 months). Therefore, platinum/fluorouracil 
combination treatment confers a longer PFS time than pacli-
taxel/fluorouracil, in patients with advanced gastric cancer.

Further investigation of the association between PD-L1 
promoter methylation and first‑line chemotherapeutic efficacy 

for advanced gastric cancer revealed that, in 26 patients exhib-
iting methylated PD-L1, the mPFS time (8.2 months) of patients 
receiving platinum/fluorouracil chemotherapy was signifi-
cantly longer than in patients receiving paclitaxel/fluorouracil 
(4.0 months). Furthermore, the risk of disease progression in 
patients treated with paclitaxel/fluorouracil chemotherapy 
was 5.009 times higher compared with patients receiving 
platinum/fluorouracil chemotherapy. Recent research has 
determined that the breast cancer 1, early onset gene expression 
level is correlated with the treatment response to cisplatin and 
oxaliplatin in patients with gastric cancer (34). Phosphatase 
and tensin homolog gene deficiency was observed in BRCA1 
mutation cancers (35,36). Loss of PTEN has been shown to 
increase PD-L1 expression via the PI3K pathway (37,38). In 

Table VII. Survival outcome of 70 gastric patients.

 PFS OS, months
 ------------------------------------------------------------ ------------------------------------------------------------
 mPFS,   Patients, mOS,   Patients,
Characteristic months χ2 value P-value n  months χ2 value P-value n

Sex
  Male 5.0 0.240 0.624 42 10.3 0.083 0.773 47
  Female 4.2   16 11.0   20
Age, years        
  ≤60 5.6 3.630 0.057 27 10.2 0.011 0.916 29
  >60 4.4   31 11.0   38
PD-L1 promoter methylation        
  Methylation 4.1 0.201 0.654 25 9.5 0.409 0.523 26
  No methylation 5.3   33 10.8   41
Chemotherapy regimen        
  Platinum/Fluorouracil 5.6 3.869 0.049a 19 11.6 0.997 0.318 26
  Paclitaxel/Fluorouracil 4.2   23 10.3   24
Recurrence/Palliative surgery        
  Recurrence 5 1.455 0.228 25 11.6 3.141 0.076 30
  Palliative operation 3.8   33 9.5   37
Degree of differentiation        
  Moderate or well 5.1 0.237 0.626 23 14.0 7.574 0.006a 29
  Poor 3.8   32 8.4   35
Pathological type        
  Simple adenocarcinoma 4.0 0.959 0.328 31 11.6 0.801 0.371 39
  Other 5.3   26 8.8   27
Tumor size        
  >5 cm 5.0 0.348 0.555 26 10.0 1.834 0.176 31
  ≤5 cm 4.4   29 10.8   33
Lymph node staging
  N0‑N2 5.0 0.064 0.801 25 11.6 2.602 0.107 32
  N3 5.4   29 9.9   31
PD-L1 protein expression        
  + 5.6 2.480 0.115 35 11.6 0.461 0.479 40
  - 3.7   23 8.6   30

aP<0.05. PD‑L1, programmed cell death‑ligand 1; PFS, progression‑free survival; OS, overall survival.
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Table VIII. Cox proportional hazards assessment of prognostic factors in 70 gastric cancer patients.

 95% CI
 ----------------------------------------
Factor β SE Wald P-value HR Lower Upper

Degree of differentiation 0.675 0.270 6.255 0.012 1.965 1.157 3.336

HR, hazard ratio; SE, standard error; CI, confidence interval.

Table IX. Survival outcome of 26 patients exhibiting methylated PD-L1.

 PFS OS
 ------------------------------------------------------------ ------------------------------------------------------------
 mPFS,   Patients, mOS,   Patients,
Characteristic months χ2 value P-value n  months χ2 value P-value n

Sex
  Male 3.8 0.335 0.563 18 11.6 0.005 0.946 18
  Female 4.2   7 8.4   8
Age (years)        
  ≤60 6.3 6.132 0.013a 12 9.5 2.825 0.093 12
  >60 4.0   13 9.3   14
Chemotherapy regimen        
  Platinum/Fluorouracil 8.2 7.115 0.008a 7 11.7 2.994 0.084 8
  Paclitaxel/Fluorouracil 4.0   12 9.3   12
Recurrence/Palliative surgery        
  Recurrence 4.2 1.926 0.165 11 11.6 3.474 0.062 12
  Palliative surgery 3.5   14 7.3   14
Degree of differentiation        
  Moderate or well 3.5 1.434 0.231 9 9.3 0.206 0.65 10
  Poor 5.0   15 11.6   15
Pathological type        
  Simple adenocarcinoma 3.5 2.790 0.095 15 9.5 0.353 0.553 16
  Other 5.4   10 8.3   10
Tumor size        
  >5 cm 3.8 0.223 0.637 10 9.5 0.081 0.776 10
  ≤5 cm 4.0   14 8.4   15
Lymph node staging        
  N0‑N2 4.2 0.036 0.849 9 9.3 0.033 0.855 9
  N3 4.0   15 9.9   16

aP<0.05; PD‑L1, programmed cell death‑ligand 1; PFS, progression‑free survival; OS, overall survival.

Table X. Cox proportional hazard assessment of prognostic factors in 26 patients exhibiting methylated Programmed cell 
death-Ligand 1.

 95% CI
 ----------------------------------
Variable B SE Wald P-value HR Lower Upper

Chemotherapy regimen of Platinum/Fluorouracil 1.611 0.661 5.939 0.015a 5.009 1.371 18.304

HR, hazard ratio; SE, standard error; CI, confidence interval. aP<0.05 vs. control.
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the current study, methylation status correlated with PD-L1 
protein expression. It was hypothesized that patients exhibiting 
a methylated PD-L1 promoter region may also possess BRCA1 
gene mutations, and would see the greatest degree of improve-
ment from platinum-based chemotherapy, potentially resulting 
in longer PFS times. Thus, detecting the methylation status 
of the PD-L1 promoter region may offer guidance regarding 
clinical decision-making.

Enhancements in immunotherapy have greatly improved 
the prognosis of patients with numerous cancer types. 
The PD-1/PD-L1 axis is an inhibitory signaling pathway 
associated with T-cell inactivation and exhaustion, which 
prevents excessive inflammatory responses (39). Immune 
checkpoint inhibitors significantly enhance T‑cell function 
and therefore exert antitumor activity (40). Results from 
the phase II KEYNOTE‑059 study (41) indicated that the 
monoclonal anti-PD-1 antibody pembrolizumab provided 
an objective response rate of 60% in previously untreated 
advanced gastric/gastroesophageal junction adenocarcinoma. 
Pembrolizumab monotherapy showed improved efficacy 
and manageable safety in patients with advanced gastric or 
gastroesophageal cancer who had previously received ≥2 lines 
of treatment (42). Further studies are needed to determine 
whether PD-L1 promoter methylation allows for survival 
prediction in patients with advanced gastric cancer treated 
with PD-1/PD-L1 antagonists.

In summary, the present study demonstrated that the 
frequency of PD-L1 methylation was higher in gastric cancer 
tissues compared with adjacent tissues, and that this corre-
lated with both protein expression of PD-L1 and the number 
of lymph node metastases. This suggests that methylation 
frequency significantly influences chemotherapeutic efficacy, 
and hence, may inform clinical decisions regarding treat-
ment. Therefore, the results of the present study support the 
conclusion that methylation of PD-L1 in the promoter region 
may represent an independent prognostic factor, affecting 
the efficacy of chemotherapy in advanced gastric cancer via 
the regulation of protein expression. It may therefore be used 
as a novel biomarker for the prediction of first‑line chemo-
therapeutic efficacy and the prognosis of patients receiving 
platinum-containing chemotherapy regimens for the treatment 
of advanced gastric cancer.
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