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Introduction

Gastric cancer is reported to be one of the leading causes 
of cancer-related death worldwide. Chemotherapy, one 
of the main methods for the treatment of gastrointestinal 
carcinoma, plays an important role in comprehensive 
treatment, because most cases are advanced and surgery is 
often difficult to obtain the curative effect (1). 5-fluorouracil 
(5-FU) is one of the most commonly used chemotherapy 

drugs in treatment of gastrointestinal carcinoma. The 
drug resistance of tumor cells is the main obstacle to 
chemotherapy and the clarification of the mechanism 
will greatly improve the prognosis of patients with tumor 
chemotherapy (2). Currently, the mechanism of formation 
of drug resistance are identified to be mainly associated with 
excessive expression of certain ABC transporters, termed 
multi-drug resistance (MDR) proteins; increased activities 
of glutathione transferase glutathione-S-transferase (GST) 
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activity and DNA repair ability and reduced activities of 
topoisomerase II and apoptosis etc. (3-5).

Immunotherapy is a novel treatment option for cancers 
because of its less side effects and more effectiveness on 
cancer cells. Immune surveillance seems to represent an 
effective tumor suppressor mechanism. However, some 
cancer cells survive and become variants, being poorly 
immunogenic and able to enter a steady-state phase (6). 
Activation of tumor specific CD8+ T cells can effectively 
inhibit tumor growth. The activation of T cells requires 
not only antigen-presenting cells to present MHC-antigen 
peptide to antigen specific T cells as the first signal, also 
a series of coordinated stimulus molecules as the second 
signal to make the T cells to produce immune response (7). 
Lack of stimulating molecules to provide a second signal 
will result in T-cell tolerance, that is, the failure of T cells 
to respond (8). Programmed death 1 (PD-1) was originally 
discovered in the apoptosis of T cell hybridoma and named 
after its association with cell apoptosis. Several reports show 
that PD1 on T cells inhibits T cell receptor signaling and 
immune responses, inducing cancerous immune escape in 
the host (9). Two ligands (PDL1 and PDL2) for PD1 have 
been discovered with different distributions. PDL 1 (B7-H1)  
which belongs to the B7 family plays an important 
role in the negative regulation of immune response 
when interacting with PD1. PDL1 has a widely tissue 
distribution including antigen presenting cells, activated 
T and B cells, macrophages, placental trophoblastic, 
myocardial endothelial and thymic epithelial cells with 
higher expression in some cancer cell lines (10,11). Tumor 
microenvironment can induce the expression of PDL1 on 
the tumor cells, favoring the occurrence and growth of 
the tumor by inducing anti-tumor T cell apoptosis. PDL2 
(B7-DC) is restricted to certain types of cells or tissues, 
such as macrophages and dendritic cells. At present, PD1 
ligand is proved to be associated with the poor prognosis 
of patients with gastric cancer, renal cell carcinoma, and 
other cancer patients (12,13). Antibodies interfering with 
binding of PDL1 to PD1 enhanced intratumor CD8+ T-cell 
and induced regression of established tumors (14,15). A 
number of clinical trials have revealed that inhibition of 
PD1/PDL1 pathway received ideal responses to advanced 
melanoma, non-small cell lung carcinoma, and renal cell 
carcinoma (16,17), and accumulating evidence demonstrates 
the potential of PD1 inhibitors in cancer treatment.

The high rate of relapse and failure of chemotherapy is 
believed to a large degree to result from the emergence of 
drug resistant cells during treatment. Numerous clinical 

data revealed that the MDR phenotype in tumors is 
associated with the expression of certain ABC transporters. 
P-glycoprotein (P-gp, MDR1, ABCB1) was the first 
discovered ABC transporter and is likely to be responsible 
for the most widely observed mechanism in clinical 
MDR (18). Soon after the cloning and characterization of 
MDR1, it became evident that other efflux pumps also play 
significant roles in transport—associated drug resistance. 
Two other ABC transporters have definitively demonstrated 
participation in the MDR of tumors: the MDR protein 
1 [MRP1, ATP binding cassette subfamily C member 1 
(ABCC1)], and the mitoxantrone resistance protein (MXR/
BCRP, ABCG2) (19,20). ABCC1 may be independent 
prognostic markers for gastric cancer treatment (19). 
Abnormal expression of p53, Bcl-2 or c-myc, which can 
suppress the apoptosis induced by chemotherapy drugs, 
at the same time, specific activate triphosphate (ATP) 
dependent transporters to pump out drugs, may predict 
a loss of the efficacy of the chemotherapy drugs 5-FU in 
patients with gastric cancer (21). There have been several 
reports of the involvement of PD1 in the resistance of 
different cancer cells to chemotherapeutic reagents. For 
example, BRAF-targeted therapy results in short lived 
objective responses in the majority of patients of malignant 
melanoma because of gradually increased expression of the 
immunomodulatory molecule PDL1, which may contribute 
to the resistance (16). Besides, elevated cellular PD1/PD-L1  
expression confers acquired resistance to cisplatin in small 
cell lung cancer cells (22). However, the role of PD1/
PDL1 in gastric chemoresistance has not been thoroughly 
reported. Thus, the present study examined the significance 
of PD1 expression in regulating the chemoresistant ability 
of gastric cancer against 5-FU, which may provide new 
therapeutic strategies to combat gastric cancer.

Methods

Cell lines

Human gastric cancer cell line SGC7901 (American Type 
Culture Collection, Manassas, VA, USA) were cultured 
in RPMI-1640 medium (Gibco, CA, USA), which was 
supplemented with 10% heat-inactivated fetal bovine serum 
(FBS), 100 IU penicillin/mL and 100 μg/mL streptomycin 
(Invitrogen Life Technologies, China). SGC7901 cells 
built in 1979 are derived from a 56-year-old female patient 
with gastric cancer lymph node metastases. The 5-FU-
resistant variant SGC7901/5-FU was obtained from the 
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parent cell line (SGC7901) by step by step exposure to 
increasing concentrations of 5-FU (5, 10, 20 and 40 μg/mL)  
(Sigma, MO, USA). Briefly, the cells were co-cultured 
with fixed concentration of 5-FU for 12 hours, then the 
medium was replaced by fresh medium. When living cells 
reached 80%, the monolayer cultures were passaged and 
cultured to logarithmic phase, then treated with increased 
concentration of 5-FU.

MTT assay

SGC7901 and SGC7901/5-FU cells were respectively 
seeded into a 96-well plate at a density of 4×103/well and 
incubated at 37 ℃ in 95% air and 5% CO2. 5-FU was added 
so that the final concentrations were 0, 1, 2, 4 and 8 μg/mL. 
Following 48 h of incubation, the MTT assay was used to 
evaluate the cell viability. In total, 20 μL of MTT solution 
(5 mg/mL; Sigma, USA) was added to 100 μf culture media 
and cells were incubated for a further 4 h at 37 ℃. After 
removing the culture medium, 200 μL DMSO was added to 
each well and the plates were shaken for 10 min. Then the 
absorbance (OD) value was measured at A490 nm. Three 
replicates of each sample were analyzed in each assay. The 
growth inhibition rate was calculated as: growth inhibition 
(%) = (1 − OD490/OD490 of 0 μnhi/L) ×100.

Transfection with expression vector and PD1 siRNA

Human codon-optimized human PD1 cDNA was 
synthesized by Genscript and subcloned into EcoR I and 
BamH I of pcDNA3.1(+) with T4 DNA Ligase (Fast Digest, 
MBI Fermentas, USA). Cells were seeded into six-well 
plates at 5×105 cells per well. The 90% confluent monolayer 
cultures were cultured in RPMI-1640 medium without serum 
for 24 h, then tranfected with lipofectamine LTX and PLUS 
reagents (Life Technologies, USA). Briefly, the cells were 
washed twice by invitrogen optiMEM medium, and added 
1.5 mL optiMEM in every well. The 5 μg plasmid was added 
to and mixed with 250 μL optiMEM at room temperature 
for 10 min, then 5 μL plus reagent was added and mixed. In 
another tube, 15 μL LTX reagent was added to and mixed 
with 250 μL optiMEM medium at room temperature for 30 
min. Then the two tubes were mixed and the complex was 
added to cells drop by drop, gently mixed, then incubated 
at 37 ℃ and 5% CO2 for 6 h. Media was replaced with fresh 
medium 6 h later. The cells were selected 24 h later with 
G418 (Amresco, USA) at 1,000 mg/mL and persistently 
cultured with G418 at 200 mg/mL.

siRNA oligonucleotides for PD1 and Negative control 
siRNA were purchased from OriGene (Rockville, MD, 
USA). Cells were seeded into six-well plates at 5×105 cells 
per well. In total, 90% confluent monolayer cultures were 
incubated with final concentration of 10 nM PD1 siRNA or 
Negative control to PD1 using 6 μL SiTran1.0 (OriGene, 
Rockville, MD, USA) for 24 h. Downregulation of PD1 
was assayed by IFA and real-time PCR (RT-PCR) after  
48 hours.

Immunofluorescence (IFA) 

Cells were fixed by 95% ethanol and then incubated with 
3% H2O2, and blocked with a normal goat serum for  
20 min. Following washing with phosphate buffered saline 
(PBS) ×3 (5 minutes each), cells were incubated with the 
mouse monoclonal PD1 antibody (1:250 dilution; Abcam, 
USA) for 30 min at room temperature. After washing with 
PBS ×3 (5 minutes each), cells were then incubated with 
fluorescein isothiocyanate-labeled goat anti-mouse antibody 
immunoglobulin G (IgG, 1:200 dilution; Sigma, USA) for 
30 min at 37 ℃, washed, and incubated with 0.5 μg/mL 
DAPI for 10 min, washed. Then the slides were mounted 
with 10 mM p-phenylenediamine in glycerol:PBS (9:1), pH 
8.5, and analyzed by confocal microscopy (Olympus, Tokyo, 
Japan).

Annexin V/propidium iodide (PI) staining assay

After various treatments, cells were labelled with 4 μL of 
FITC-Annexin V and 8 μL of PI for 5 min in darkness and 
at room temperature, and the specimens were then detected 
using one flow cytometer (BD Bioscience, USA) for apoptosis 
assay. Normal living cells and early apoptotic cells could 
resist the staining by PI, but necrotic cells could not.

RT-PCR

RT-PCR was performed in order to detect the relative 
levels of the transcripts. RNA of cell samples was isolated 
using Trizol (Takara, Dalian, China) according to the 
manufacturer’s instructions. The transcripts were generated 
from 2 μg RNA extracted from the cells through reverse 
transcription using RT-PCR Kit (TaKaRa, Dalian, China). 
PCR was performed under the following conditions: 
94iption using generated from Cles of 94 ℃ or 1 min and 
60 ℃ for 1 min. The med under the following conditions: 
94iption using generated from cles of 94 cell samples 
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were isolated 5'-TTTCCCTTCCGCTCACCTCC-3' 
and 5'-CAGACCCGCCACGATGTTGAC-3' (PD1, 
114 bp); 5'-CGTGGACATCCGCAAAGACC-3' and 
5'-ATCAACGCAATGTGGGAAAGAACTG-3' (ABCC1, 
304 bp); and 5'-TGTGGCCTTCTTTGAGTTCGGT-3' 
and 5'-CCTATTGCCTCCGAGCCTACG-3' (Bcl-2, 148 
bp); 5'-CGCTGAGTTCCTGCGTACCTATG-3' and 
5'-GGTGTTGTTGTCGTGGCGTCTTG-3' (β-actin, 
211 bp). A melting curve of the reaction system was drawn 
immediately after the reaction to analyze the specificity 
of the PCR products. Quantitative analysis of target gene 
expression data was based on 2−△△Ct method. △△Ct = (average 
Ct of target gene-average Ct of β-actin in experimental 
groups) − (average Ct of target gene-average Ct of β-actin 
in control group) (23).

Statistical analysis

The differences in the mean values between the two 
groups were statistically analyzed using Student’s t-test. 
All P values were based on two-tailed statistical analysis. 
By conventional criteria, if the P value is less than 0.05, 
the difference between the two samples is considered to be 
statistically significant. All statistical analysis was performed 
with the SPSS 12.0 software program.

Results

Correlation between PD1 expression and sensitivity of 
5-FU of gastric cancer cell lines

To detect the sensitivity of the SGC7901/5-FU cell line and 
its parental SGC7901 cell line to 5-FU, an MTT assay was 
performed. The results demonstrated that compared with 
the SGC7901 cell line (IC50 =2.2 μg/mL), the SGC7901/5-
FU cells (IC50 =8.16 μg/mL) exhibited obvious resistance 
to 5-FU (Figure 1A). The proliferation of the two cell 
lines were also measured with MTT method. The result 
showed that the proliferation of SGC7901/5-FU cells were 
higher than those of SGC7901 cells (P<0.01, Figure 1B).  
In order to determine the role of PD1 in the 5-FU-resistant 
gastric cancer cell line SGC7901/5-FU, RT-qPCR analysis 
was conducted. The results indicated that PD1 expression 
was up-regulated in SGC7901/5-FU cells (Figure 1C),  
suggesting that PD1 may contribute to 5-FU drug 
resistance in gastric cancer cells, which was consistent with 
the report of Ishibashi for 5-FU in myeloma cells (24).

Downregulation of PD1 decreased resistance of 
SGC7901/5-FU to 5-FU

To investigate the association between PD1 and 5-FU 
resistance in SGC7901/5-FU cells, PD1 siRNA or negative 

Figure 1 Correlation between PD1 expression and sensitivity of 5-FU of gastric cancer cells. (A) Sensitivity of gastric cancer cells to 5-FU 
was assayed by MTT (n=6); (B) proliferation of gastric cancer cells was assayed by MTT (n=6); (C) expression levels of PD1 in gastric cancer 
cells were assayed by real-time PCR (n=4). **, P<0.01 vs. SGC7901 cells. PD1, programmed death 1; 5-FU, 5-fluorouracil.
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control was transfected into SGC7901/5-FU cells. We 
examined the expression of PD1 in cells by IFA and RT-
PCR, to detect the efficacy of transfection (Figure 2A). 
After confirming the successful downregulation of PD1 in 
cells, MTT assay was used to evaluate the cell viability and 
proliferation in 96-well plate. After 24 hour of transfection, 
5-FU was added and incubated with cells for another 48 h. 
The proliferation of PD1 siRNA cells decreased obviously, 
when compared with negative siRNA cells (P<0.05,  
Figure 2B). Moreover, we observed that SGC7901/5-FU 
promoted apoptosis and decreased resistance to 5-FU, when 
compared with negative siRNA cells, suggesting that down-
regulation of PD1 decreased the chemoresistant ability of 
SGC7901/5-FU (Figure 2C,D).

Upregulation of PD1 increased resistance of SGC7901 to 5-FU

To further determine the effects of PD1 expression on 
chemoresistance of gastric cancer cells, PD1-expression 
vector or the control vector was transfected into SGC7901 
cells. RT-PCR analysis confirmed that the PD1 vector was 
able to increase PD1 expression in SGC7901 cells compared 
with that in the control group (P<0.01, Figure 3A). The 
proliferation of PD1-expression cells increased obviously, 
when compared with empty vector control (P<0.05,  
Figure 3B). The SGC7901 cells which were transfected with 
the PD1 vector exhibited a significantly higher survival rate 
than the cells in the empty vector control group following 
5-FU exposure (Figure 3C). Moreover, the apoptosis of 
PD1-expression cells decreased obviously, suggesting 

Figure 2 Downregulation of PD1 decreased resistance of SGC7901/5-FU to 5-FU. (A) Downregulation of PD1 was assayed by IFA 
and real-time PCR (n=4); (B) proliferation of gastric cancer cells was assayed by MTT (n=6); (C) effects of PD1 downregulation on the 
chemoresistance of SGC7901/5-FU to 5-FU was assayed by MTT (n=6); (D) apoptosis of gastric cancer cells was assayed by flow cytometry 
(n=3). *, P<0.05; **, P<0.01 vs. negative siRNA control. PD1, programmed death 1; 5-FU, 5-fluorouracil; IFA, immunofluorescence.

0.5

0.4

0.3

0.2

0.1

0.0

120

90

60

30

0

16

12

8

4

0

1.0

0.8

0.6

0.4

0.2

0.0

P
ro

lif
er

at
io

n 
(O

D
)

PD1

Control

Control

Control

Control

Control

PD1 siRNA

PD1 siRNA

PD1 siRNA

PD1 siRNA

PD1 siRNAFL1 LOG

FL
3 

LO
G

FL1 LOG

104 104

104
104

103 103

103
103

102 102

102
102

101 101

101
101

100 100

100
100

Nuclei Merge

5-FU (μg/mL)
G

ro
w

th
 in

hi
bi

tio
n 

(%
)

A
po

pt
os

is
 [%

 r
at

e 
(%

)]

P
D

1 
ex

pr
es

si
on

84210

A

D

B

C



© Translational Cancer Research. All rights reserved. Transl Cancer Res 2016;5(6):781-788 tcr.amegroups.com

786 Liu et al. PD1 induces resistance to 5-FU

that the expression of PD1 may promote resistance of the 
SGC7901 cells to 5-FU.

PD1 positively regulates ABCC1 and Bcl-2

To determine whether ABCC1 or Bcl-2 serve a role in 
PD1-induced 5-FU resistance, the PD1 gene was decreased 
or over-expressed. Downregulation of PD1 significantly 
decreased the expression of ABCC1 or Bcl-2 in the 
SGC7901/5-FU cells compared with that in the control 
group (Figure 4A,B). The SGC7901 cells transfected 
with PD1-expression vector significantly increased the 
expression of ABCC1 or Bcl-2 compared with that in the 
negative control group (P<0.01, Figure 4A,B). These results 

suggested that PD1 may improve the 5-FU resistance by 
linked to ABC transporter and antiapoptotic mechanism.

Discussion

Over the past few decades, multi-drug chemotherapy has 
become a standard therapy for the treatment of malignant 
tumors and has been confirmed to improve survival rate of 
blood malignancies and solid tumor patients. However, drug 
resistance is one of the biggest obstacles to clinical practices. 
5-FU is the most commonly used chemotherapeutic drug 
in patients with gastric cancer, and one of the main causes 
of chemotherapeutic treatment failure in advanced gastric 
cancer (25). Therefore, the development of novel strategies 
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Figure 3 Upregulation of PD1 increased resistance of SGC7901 to 5-FU. (A) PD1 upregulation was assayed by IFA and real-time PCR (n=4); 
(B) proliferation of gastric cancer cells was assayed by MTT (n=6); (C) effects of PD1 upregulation on the chemoresistance of SGC7901 to 
5-FU were assayed by MTT (n=6); (D) apoptosis of gastric cancer cells was assayed by flow cytometry (n=3). B1: necrotic cells; B2: necrotic 
cells + late apoptotic cells; B3: living cells; B4: early apoptotic cells. *, P<0.05; **, P<0.01 vs. empty vector control. PD1, programmed death 1; 
5-FU, 5-fluorouracil; IFA, immunofluorescence.
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enhancing the efficacy of 5-FU is essential for effective 
therapy. It is widely accepted that PD1 is promising to treat 
many various cancers (26). However, the role of PD1 in drug-
resistance of gastric cancer remains to be fully elucidated.

In the present study, the association between PD1 and drug-
resistance of gastric cancer to 5-FU was investigated, and it was 
confirmed that PD1 promoted cell survival and 5-FU resistance 
in human gastric cancer. These results indicated that anti-PD1 
therapy may be used as a therapeutic approach in 5-FU-resistant 
gastric cancer. Next, we explored the relationship between 
PD1 and some of the mechanisms that have been linked to 
cell chemoresistant abilities, such as ABCC1 and Bcl-2 protein 
expression. ABCC1 (ABC transporter family)-mediated drug 
efflux is widely recognized as one of original causes of tumor 
multidrug resistance (27). Bcl-2 is also one of main oncogenes 
resulting in resistance to chemotherapeutic agents through 
antiapoptotic effects (28). We observed that SGC7901/5-FU 
cells have new cytological characteristics, such as PD1, ABCC1 
and Bcl-2 expression, enhanced proliferation. Inhibiting PD1 
in SGC7901/5-FU cells leads to decreased expression of Bcl-2 
and ABCC1, at the same time leading to decreased proliferation 
and resistance to 5-FU.

Our results suggest that increased resistance of gastric 
cancer cells to 5-FU induced by PD1 possibly results 
from promoted proliferation and inhibitory apoptosis and 
expression of certain ABC transporters. However, we did not 
detect other ABC transporters and other resistant mechanism 
related with 5-FU resistance. Thus, detailed association of 
PD1 with other resistant mechanism needs further study.

In summary, PD1 signaling in gastric cancer could 
participate in the chemoresistant ability of cells in vitro, 
possibly through enhanced proliferation, inhibitory 
apoptosis and expression of MDR transporters.
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