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Abstract. Programmed cell death-1 (PD-1) is an oncogene 
associated with suppressing proliferation and cytokine produc-
tion of T cells in the progression of liver cancer. microRNAs 
(miRs) regulate gene expression via specific binding to the 
target 3'untranslated region of mRNA. In the present study, 
miR‑374b was indicated to interact with PD‑1 and affect the 
tumor-targeting capacity of cytokine-induced killer (CIK) 
cells. miR‑374b inhibitor significantly increased PD‑1 expres-
sion in CIK cells. A synthetic small interfering (si)RNA 
targeting PD-1 was employed to silence the expression level 
of PD-1 in CIK cells. Then, the antitumor effect of siPD-1 in 
CIK cells was investigated. In vitro study demonstrated that 
IFN-γ secretion and the concentration of lactate dehydro-
genase were significantly increased in the PD‑1 knockdown 
group; however, the viability of HepG2 cells in the PD‑1 
knockdown group had significantly decreased, compared with 
the HepG2 cells in the negative control group. In vivo study 
indicated that mice inoculated with HepG2 cells and CIK cells 
with PD‑1 knocked down had a significantly smaller tumor 
volume, compared with the control group. To conclude, human 
CIK cells transfected with siPD-1 can target liver cancer cells 
and enhance immunotherapy efficacy, and therefore they have 
potential in the immunotherapy of liver cancer.

Introduction

Liver cancer is one of the most common malignant diseases glob-
ally (1). Between 2012 and 2017, numerous therapeutics of liver 
cancer have indicated potential in clinical trials, particularly 

immunotherapies (2). Cytokine-induced killer (CIK) cells, 
which are the major histocompatibility complex‑unrestricted 
cytotoxic lymphocytes generated with tumor necrosis factor-α 
(TNF-α), interferon-γ (IFN-γ), interleukin (IL)-2 and IL-12, 
serve an important role in immunotherapy (3). CIK cell‑based 
immunotherapy has been indicated to be effective in the 
majority of tumors types, and is currently studied in clinical 
trialsfrequently (4,5).

Programmed cell death-1 (PD-1) is a prominent regulator 
of T-cell function, and is expressed on T cells following 
chronic antigenic stimulation (6,7). Up regulation of PD-1 was 
identified to be associated with the suppression of T‑cell func-
tion via mediating T cell apoptosis; however, down regulation 
of PD‑1 was revealed to have the ability to reverse immune 
dysfunction (8-14). Clinical studies targeting the PD-1-PD-L1 
axis have demonstrated effectiveness in a number of cancer 
types (15-17). Engagement of PD-1 in T cells with its ligand 
PD-L1 in tumor cells down regulates antitumor T-cell 
responses, and allows tumors to escape these responses (18,19).

MicroRNAs (miRNAs), a class of highly conserved long 
noncoding RNA, regulate gene expression negatively via 
targeting the 3' untranslated region (3'UTR) or coding region 
of the mRNA; additionally, they participate in a number of 
biological processes, including cell proliferation, differen-
tiation, apoptosis and tumorigenesis (20,21). A previous study 
indicated that miRNAs are involved in regulation of the 
immune system and development of immune cells (22).

The microRNA database (miRBase, release 21, http://www.
mirbase.org/cgi‑bin/query.pl?terms=miR‑374) demonstrated 
that miR‑374a and miR‑374b may bind the 3'UTR region 
of PD‑1 mRNA (miRSVR score ≤0.1). Research has also 
indicated that miR‑374a and miR‑374b could be expressed in 
cluster of differentiation (CD) 4+T, CD8+T and natural killer 
(NK) cells (23,24). In the present study, it was demonstrated that 
miR‑374b binds to the 3'UTR of PD‑1 by using Dual‑Luciferase 
Reporter Assay. Therefore, miR‑374b was selected as the 
research target. In recent years, studies have indicated that 
miR‑374b affects the apoptosis ability of colorectal cancer 
cells (25,26). miR‑374b can accelerate cell proliferation and 
the production of aberrant glycosylated immunoglobulin (Ig) 
A1 in B cells (27), and it has the ability to participate in the 
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development of human osteosarcoma cells (28). Additionally, 
miR‑374b can negatively regulate C2C12 myoblast differen-
tiation via targeting Myf6 (29), and inhibit proliferation and 
promote apoptosis of T‑cell lymphoblastic lymphoma (30). In 
addition, miR‑374b is associated with cisplatin resistance in 
pancreatic cancer cells (31), andit is capable of accelerating 
invasion and metastasis of gastric cancer cells (32); however, 
the role of miR‑374b in liver cancer remains unclear. Therefore, 
it is essential to explore miR‑374b, which may become anovel 
promising therapeutic target for liver cancer.

In the present study, miR‑374b was predicted to interact 
with PD-1 and was demonstrated to affect the tumor-targeting 
capacity of CIK cells. The result indicated that siPD-1 
promoted the CIK secreting cytokine, but inhibited the 
viability of HepG2 cells. In vivo study indicated that siPD-1 
decreased the tumor volume in liver cancer mouse models. 
In conclusion, human CIK cells transfected with siPD-1 can 
target liver cancer cells and enhance immunotherapy efficacy, 
and therefore have a potential in the immunotherapy of liver 
cancer.

Materials and methods

Cell lines and transfection. Liver cancer cell lines (HepG2, 
PLC and Huh7) were purchased from American Type Culture 
Collection (Manassas, VA, USA) and cultured in Dulbecco's 
modified Eagle's medium (DMEM; In vitro gen; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA), and normal 
hepatocytes (L-02 cells) were cultured in RPMI-1640 medium 
(In vitro gen; Thermo Fisher Scientific, Inc.). Each medium 
contained 10% fetal calf serum (FCS; Sigma-Aldrich; Merck 
KGaA, Darmstadt, Germany) and 1% penicillin-streptomycin 
G (In vitro gen; Thermo Fisher Scientific, Inc.). All cells were 
incubated at 37˚C in a humidified atmosphere of 5% CO2.

miR‑374b mimic, negative control (NC), miR‑374b 
inhibitor oligonucleotides and PD‑1 siRNA were synthesized 
by Shanghai Gene Pharma, Co., Ltd. (Shanghai, China) and 
the sequences are as follows: miR‑374b mimics, 5'‑AUA UAA 
UAC AAC CUG CUA AGU G-3'; NC, 5'-UUC UCC GAA CGU 
GUC ACG UTT‑3'; miR‑374b inhibitor, 5'‑CAC UUA GCA GGU 
UGU AUU AUA U-3'; PD-1 siRNA, 5'-CCA GGA UGG UUC 
UUA GAC UUU-3'.

In all experiments, the incubation was conducted at 37˚C 
in a humidified atmosphere containing 5% CO2. CIK cells 
were generated from peripheral blood mononuclear cells 
(PBMCs) of healthy volunteers. A total of 2x104 cells in the 
logarithmic phase were seeded into each well of a 6-well 
plate in 2 ml of Opti-MEM I reduced serum medium (Life 
Technologies; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) and incubated over night at 37˚C in a humidified 
atmosphere of 5% CO2. The next day, cells were transfected 
with 50 µM scramble siRNA (negative control, NC), 50 µM 
PD‑1 siRNAs, 50 nM miR‑374b mimic, 50 nM negative 
control (NC) and 50 nM miR‑374b inhibitor oligonucleotides 
for 48 h using Lipofectamine® 2000 reagent (In vitro gen; 
Thermo Fisher Scientific, Inc.) according to the manufac-
turer's protocol.

Preparation and identification of human CIK cells. Human 
PBMCs were obtained from healthy donors via Ficoll‑Hypaque 

density centrifugation (3,000 x g for 30 min at 4˚C), and then 
washed three times with PBS. Cells were resuspended in 
5 ml RPMI-1640 medium containing 1x106U/l human IFN‑γ 
(R&D Systems, Inc., Minneapolis, MN, USA; cat no., 285-IF) 
at a concentration of ~3x106 cells/ml and incubated over-
night at 37˚C in an atmosphere containing 5% CO2. After 
24 h, 1,000 units/ml IL‑2 (Chiron Corporation, Emeryville, 
CA, USA), IL‑1a (Chiron Corporation), 50 µg/l each of 
allophycocyanin-conjugated anti-CD3 (cat. no., 553066; BD 
Biosciences, Franklin Lakes, NJ, USA) and anti-CD28 (cat 
no., 14‑02281‑86, eBioscience; Thermo Fisher Scientific, Inc.) 
monoclonal antibodies (mAbs) were added. Fresh medium and 
fresh IL-2 (cat no., 575406) were added every 2 days and the 
cells were harvested on days 1,7, 14 and 21 and assessed using 
FACS (FACSCalibur™; BD Biosciences, Franklin Lakes, NJ, 
USA) with fluorescein isothiocyanate‑conjugated anti‑CD3 
(cat no., 555274; BD Biosciences) and phycoerythrin-CD56 
(cat no., 561903; BD Bioscience) using Flow Jo software 
(version 8.7.1; Flow Jo LLC, Ashland). The protocol for the 
present study was approved by The Ethical Review Committee 
of The First Affiliated Hospital of Hainan Medical University 
(Hainan Province, China). Informed consent was obtained 
from each person.

Luciferase reporter assay. The database Target Scan 
(http://www.targetscan.org) was used to predict potential targets 
for miR‑374b. DNA fragments of the PD‑1 3'UTR containing 
the putative miR‑374b binding site or mutated (Mut) miR‑374b 
binding site were amplified bypolymerase chain reaction (PCR) 
using 2x Taq PCR Master Mix (Tiangen Biotech Co., Ltd., 
Beijing, China) from CIK cell genomic DNA. The thermocy-
cling conditions were as follows: 95˚C for 5 mins, then 35 cycles 
of 95˚C for 30 secs, 57˚C for 30 secs, 72˚C for 1 min, followed 
by an extension at 72˚C for 10 min. The primers were as follows: 
PD-1-XhoI 5'-CCG CTC GAG CAG TAA GCG GGC AGG C-3' 
(forward), PD-1-NotI5'-ATT TGC GGC CGC TCC TTA GCA 
TGC TCT CAT ATT T-3' (reverse); PD-1-MUT 5'-CCT TCC 
CTG TGG TTC GCA CTG GTT ATA ATT ATA A-3' (forward), 
PD-1-MUT 5'-TTA TAA TTA TAA CCA GTG CGA ACC ACA 
GGG AAG G-3' (reverse). The DNA products were then inserted 
into the Pme I/Spe I sites of the firefly luciferase coding region 
of the pMIR‑report vector (Thermo Fisher Scientific, Inc.). The 
plasmids were termed as wild-type (pMIR-report-PD-1-WT) 
and Mut (pMIR-report-PD-1-Mut) sequences. The mutation 
of UAAUAU to AUUAUA was introduced into the potential 
miR‑374b binding sites. A total of 8x104 cells) were cultured 
in each well of a 96-well plate, and co-transfected with 
miR‑374b mimic and NC, and WT or Mut 3'‑UTR of PD‑1using 
Lipofectamine 2000 reagent (In vitro gen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocolat 
37˚C in an incubator with 5% CO2 for 48 h. The luciferase 
activities were detected by Dual‑Luciferase Reporter Assay ki 
(Promega Corporation, Madison, WI, USA; cat. no., E1910). 
Cells were collected, washed using PBS and lysed in Passive 
Lysis Buffer (Promega Corporation) at 48 h following transfec-
tion. The Dual-Luciferase Reporter Assay System (Promega 
Corporation) was used to analyze the data.the Renilla luciferase 
reporter was used as the internal control. Data are presented 
as the means ± standard deviation (SD) of three independent 
experiments.
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RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). Total RNA was isolated using TRIzol® (In vitro 
gen; Thermo Fisher Scientific, Inc.), accordingly to the manu-
facturer's instructions, and reversely transcribed to cDNA via 
RT‑PCR using a mi Script II RT Kit (Qiagen GmbH, Hilden, 
Germany). The mRNA expression levels were detected 
using the SYBR® Green PCR Master Mix kit (Clontech 
Laboratories, Inc., Mountain view, CA, USA). The reaction 
system was performed in a volume of 20 µl, and the thermo 
cycling conditions were as follows: 95˚C for 10 min, then 
40 cycles of 95˚C for 10 sec, 60˚C for 2 min, 72˚C for 2 min, 
followed by an extension at 72˚C for 10 mins. The target 
genes and controls were analyzed via RT‑qPCR and the 
reactions were performed on the ABI 7500 system (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) with primers 
specific for target genes: PD-1, forward: 5'-ATG ACA GCG 
GCA CCT ACC T-3', reverse: 5'-CCT ATT GTC CCT CGT GCG-3'; 
miR‑374b‑5p, forward: 5'‑ACA CTC CAG CTG GGA TAT AAT 
ACA ACC TGC TA-3', reverse: 5'-CTC AAC TGG TGT CGT 
GGA GTC GGC AAT TCA GTT GAG CAC TTA GC-3'; PD-L1,  
forward: 5'-CCA TCA AGT CCT GAG TGG TAA G-3', reverse: 
5'‑TTG TTG TGT TGA TTC TCA GTG TG‑3'; GAPDH, forward: 
5'-TGT TCG TCA TGG GTG TGA AC-3', reverse: 5'-ATG GCA 
TGG ACT GTG GTC AT-3'; U6, forward: 5'-CTC GCT TCG GCA 
GCA CA-3', reverse: 5'-AAC GCT TCA CGA ATT TGC GT-3'. The 
data were analyzed using 2-∆∆Cq (33). The relative mRNA/miRNA 
expression levels were normalized to GAPDH/U6. All data were 
presented as the mean ± SD of three independent experiments.

Western blot analysis. Cell lysates were prepared in RIPA 
buffer (Beyotime Institute of Biotechnology, Shanghai, China) 
via incubation for 20 min at 4˚C. The protein concentrations 
were determined using a BCA Protein Assay kit (Thermo 
Fisher Scientific, Inc.). Equal amounts of total proteins (30 µg) 
were separated using 10% SDS‑PAGE gels based on the 
molecular weight of the objective proteins and transferred onto 
a polyvinylidene difluoride membranes (Perkin Elmer, Inc., 
Waltham, MA, USA). The PVDF membranes were blocked 
in 5% skim milk (BD Biosciences, Franklin Lakes, NJ, USA) 
for 2 h at room temperature. Following this, the cells were 
incubated with anti‑GAPDH (dilution, 1:1,000; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA; cat. no. sc-365062) and 
anti‑PD‑1 antibody (dilution, 1:1,000; Abcam, Cambridge, UK; 
cat no. ab52587) at 4˚C overnight. The blots were subsequently 
incubated with horseradish peroxidase (HRP)‑conjugated 
secondary antibodies (goat anti‑mouse; dilution, 1:2,000; 
cat no., SC‑2005, and goat anti‑rabbit; dilution, 1:2,000, 
cat no., SC-2004) for 1 h at room temperature. Finally, the 
proteins were detected using an ECL detection kit (EMD 
Millipore, Billerica, MA, USA).

PD‑1 expression on liver cancer cells via flow cytometry. 
The liver cancer cell lines were cultured in DMEM (In vitro 
gen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
with 10% FBS and the normal hepatocytes were cultured in 
RPMI-1640 medium (In vitro gen; Thermo Fisher Scientific, 
Inc.) with 10% FBS at 37˚C in a humidified atmosphere of 
5% CO2. Liver cancer cell lines were centrifuged separately 
(100 x g for 5 mins at 4˚C) and the concentration of cells 
was adjusted to 1x106 cell/ml by using phosphate‑buffered 

saline (PBS, cat. No. D-1408). Then, 1 ml cell suspension 
was obtained and anti‑human CD279 (PD‑1) phycoerythrin 
(PE) monoclonal antibody (dilution, 1:50; cat no., 12‑9985‑82; 
eBioscience; Thermo Fisher Scientific, Inc.) was added, and 
cultured at 4˚C for 30 min. Cells were resuspended in 500 µl 
PBS for flow cytometry (FACSCalibur Flow Cytometer; BD 
Biosciences) and analyzed with Flow Jo (version 4.5.4; Flow Jo 
LLC, Ashland). Mouse IgG1 K Iso type Control PE antibody 
(dilution, 1:50; cat. no. 12-4301; eBioscience; Thermo Fisher 
Scientific, Inc.) was used as a NC. All data are performed as 
the mean ± SD of three independent experiments.

Cytokine secretion assays. 3x105 cells were seeded into a 
6-well microplate (cat no., 353046BD; Biosciences,) and 
incubated at 37˚C overnight. RPMI‑1640 medium was 
added without FCS, and the secretion of IFN-γ was measure 
dusing an enzyme‑linked immunosorbent assay (ELISA) kit 
(cat no., DY459; R&D Systems, Inc.) after incubation for 72 h 
at 37˚C according to the manufacturer's instructions. All data 
are presented as the mean ± SD of 3 independent experiments.

Cell counting kit‑8 (CCK‑8) assay. Cell viability was deter-
mined using a cell counting kit-8 (CCK-8; cat no., CK04-11; 
Dojindo Molecular Technologies, Inc., Rockville, MD, USA). 
Effect cells (CIK cells) and target cells (HepG2 cells) with a 
20:1 ratio of effect: target (E/T) cells were seeded at a density 
of 6x103 in a 96‑well plate (Corning Life Sciences, Tewksbury, 
MA, USA) for 24 h at 37˚C. Following this, the cells were 
washed using PBS once. Then, 100 µl RPMI-1640 medium and 
10 µl CCK‑8 was added to each well. Following 2 h at 37˚C, 
the 96-well plate was measured at 450 nm using a standard 
micro plate reader (Scientific™ Multiskan™ MK3; Thermo 
Fisher Scientific, Inc.). The cell viability was calculated 
according to the formula: Cell viability=[optical density (OD) 
of the experimental sample/OD of the control group] x100%. 
HepG2 cells treated with an equivalent volume of PBS served 
as the negative control group, and the experiment was repeated 
3 times.

Cytotoxicity assay. A lactate dehydrogenase (LDH) release 
assay was used to determine the cytotoxicity of the immune 
cells. The ratio of E/T cells was 20:1. Target cells and effect cells 
were added to a 96-well culture plate with incomplete medium 
(DMEM/10% FBS/100 U/ml Penicillin‑Streptomycin) for trip-
licate wells and incubated for 24 h in a humidified atmosphere 
containing 5% CO2 at 37˚C. Following centrifugation of the 
suspension at 1,700 x g for 4 min at 4˚C, 50 µl was removed 
and mixed with 50 µl LDH substrate solution (cat. no., L2402, 
Sigma‑Aldrich; Merck KGaA) and then incubated for 30 min 
at room temperature in the dark. Finally, 50 µl stop solution 
(50% dimethyl form amide and 20% sodium dodecyl sulfate; 
pH 4.7) was added and the concentration of LDH in each 
well was measured using an automatic ELISA reader (ELISA 
reader; ASYS Hitech, GmbH, Austria). All data are performed 
as the mean ± SD of three independent experiments.

Animals. A total of 24 female nude mice (6-8 weeks-old and 
weighing 22‑24 g) were purchased from Laboratory Animal 
Center of Hainan Medical University. All mice were main-
tained in the Laboratory Animal Center of Hainan Medical 
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University at a controlled temperature (25‑28˚C) and a 
humidity within 50‑60%, under a 12/12 h light/dark cycle, 
with ad libitum access to sterile food and water. All the experi-
ments were approved and performed according to the Animal 
Ethics Committee of Hainan Medical University.

Winn assay. A Winn assay was conducted to examine the 
tumor growth‑suppressing effect of CIK cells in mice (n=6). 
The E/T ratio was 10:1. CIK, miR‑374b inhibitor, PD‑1 siRNA 
and HepG2 (CIK+Inhibitor+siRNA+HepG2) cells (1x106) or 
CIK+Inhibitor+NC+HepG2 (control) cells (1x106) were incu-
bated for 12 h at 37˚C, adjusted to a sugar concentration of 
1.5 mg/ml, and then were subcutaneously injected into the leg 
of nude mice. The volume of the tumors was measured on 7, 
14, 21 and 28 days, respectively. Following the completion of 
the administration, the mice were sacrificed at 28 days, with 
the maximum tumor size measuring 360 mm2.

Adoptive transfer assay. To study the immunotherapy effect of 
CIK on liver cancer, the mice (n=12) were randomly divided 
into two groups according to the different treatments received: 
i) Inhibitor+NC+HepG2; and ii) Inhibitor+siRNA+HepG2. 
The treated HepG2 (1.5x107 cells/injection) cells were subcu-
taneously infected into the leg of nude miceonce. A week later, 
CIK cells (1.0x107) were intravenously injected in the mice 
via their tail veinsonce a week. The volume of the tumors was 
measured on days 7, 14, 21 and 28. Following the completion 
of the administration, the mice were sacrificed at 28 days, with 
the maximum tumor size measuring 422 mm2.

Statistical analysis. Data are expressed as mean ± SD. 
One-way analysis of variance and Dunnett's post-hoc test 
were calculated using the SPSS software package version 11.5 
(SPSS, Inc., Chicago, IL, USA). P≤0.05 was considered to 
indicate statistically significant difference.

Results

Preparing CIK cell bi‑specific antibodies against CD3 and 
CD56. Peripheral blood was collected from healthy donors. On 
days 1,7, 14 and 21, mouse anti‑human CD3 and CD56 mAbs 
were used to analyze the phenotypes of the cells measured via 
flow cytometry. The results in Fig. 1 depicted that following 
incubation with multiple cytokines for 1,7, 14 and 21 days, the 
percentage of CD3+ cells and CD3+CD56+ cells significantly 
increased (P<0.001), whilst the percentage of CD4+ cells did 
not change significantly. In combination, the data indicated 
that the CIK cells were mainly composed of T cells and NK 
T cells.

Predicting that miR‑374b binds to the 3'UTR of PD‑1 mRNA. 
To experimentally confirm that PD‑1 is an authentic target 
of miR‑374b in CIK cells, the PD‑1‑WT and PD‑1‑Mut 
luciferase reporter vectors were transfected into CIK cells 
in combination with NC or miR‑374b mimic. Following 48 h 
of transfection, the results demonstrated that the luciferase 
activity in the PD‑1‑WT with miR‑374b mimic group was 
significantly reduced, compared with the other three groups 
(P<0.01; Fig. 2A). The aforementioned data demonstrated that 
PD‑1 is a genuine target of miR‑374b.

Effect of miR‑374b on PD‑1 expression. Due to the level of 
miR‑374b being increased in CIK cell lines, its role in CIK 
cells was investigated. A miR‑374b mimic was used to amplify 
the expression of miR‑374b and a synthetic inhibitor specific 
for miR‑374b was employed to suppress the expression of 
miR‑374b in CIK cell lines. The efficiency of this miR‑374b 
mimic or inhibitor was confirmed using qPCR. The rela-
tive miR‑374b RNA expression was notably increased in 
the miR‑374b mimic transfected group (P<0.01, compared 
with the NC), however significantly decreased in miR‑374b 
inhibitor transfected group (P<0.01, compared with the NC 
and miR‑374b mimic groups; Fig. 2B). The PD‑1 expression 
levels in the NC, miR‑374b mimic and miR‑374b inhibitor 
groups were confirmed using qPCR and western blot analysis. 
The results demonstrated that PD-1 expression levels in the 
miR‑374b mimic group were significantly reduced (P<0.05, 
compared with NC group), however, significantly increased in 
miR‑374b inhibitor group. (P<0.01, compared with the NC and 
miR‑374b mimic groups; Fig. 2C and D).

Effect of siPD‑1 on CIK cells. The PD-1 expression levels were 
confirmed using qPCR and western blot analysis. The relative 
PD-1 mRNA expression levels and protein expression levels 
were significantly decreased in the siPD‑1 group, compared 
with the NC group (P<0.01; Fig. 2E and F).

Selecting the high PD‑1 expression liver cancer cell line. 
Compared with the L-02 cells group, PD-1 expression was 
significantly increased in HepG2 group (P<0.01), as demon-
strated via flow cytometry, RT‑PCR and western blot analysis. 
Consequently, HepG2 cells were selected for the following 
transfecting experiments (Fig. 3).

Effect of PD‑1 on IFN‑γ production of CIK cells. A synthetic 
siRNA targeting PD-1 was employed to silence the expression 
level of PD-1 in CIK cells. The secretion of IFN-γ was measured 
using an ELISA. The result demonstrated that IFN-γ secretion 
was significantly increased in the CIK+Inhibitor+siRNA 
group, compared with the CIK+Inhibitor+NC group (P<0.01; 
Fig. 4A).

Effects of siPD‑1 on cytotoxicity of CIK cells. A LDH 
release assay was used to determine the cytotoxicity 
of the immune cells. the concentration of LDH in the 
CIK+Inhibitor+siRNA+HepG2 group was significantly 
increased, compared with the CIK+Inhibitor+NC+HepG2 
group (P<0.01; Fig. 4B).

Effects of siPD‑1 transfected CIK on HepG2 cell viability. 
Following this, PD-1 siRNA was designed and transfected 
into CIK cells to knockdown the endogenous expression of 
PD‑1. A CCK‑8 assay was performed to visualize the prolif-
eration of the HepG2 cells. the viability of HepG2 cells in 
the CIK+Inhibitor+siRNA+HepG2 group was significantly 
decreased, compared with the CIK+Inhibitor+NC+HepG2 
group (P<0.01; Fig. 4C).

Antitumor effect of siPD‑1 transfected CIK cells in nude mice. 
Winn assay and adoptive transfer assay were used to examine 
the antitumor effect of siPD-1 transfected CIK cells in nude 
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mice. The result demonstrated that the volume of the tumors 
in CIK+Inhibitor+siRNA+HepG2 group was notably reduced, 

compared with the CIK+Inhibitor+NC+HepG2 group (P<0.05 
and P<0.01 at different time points; Fig. 4D and E).

Figure 1. Characterization of cytokine‑induced killer cells. Peripheral blood was collected from healthy donors and patients, and peripheral blood mononuclear 
cells were isolated and cultured for 21 days as described. On days (A) 1, (B) 7, (C) 14 and (D) 21, mouse anti‑human CD3, CD4, CD8 and CD56 mono-
clonal antibodies were used to stain the cells, and the phenotype of the cells was measured via flow cytometry. Representative flow cytometry analyses are 
depicted. Following induction with multiple cytokines, the percentages of CD3+ and CD3+CD56+ cells significantly increased. CD, cluster of differentiation. 
***P<0.001 vs. CD3+ group.

Figure 2. The targeting association between miR‑374b and PD‑1. (A) The target gene was predicted using the Target Scan database. Following 48 h of 
transfection, the luciferase activities of the four groups were detected by dual‑Luciferase reporter gene system. The results indicated that the luciferase activity 
of PD‑1‑WT with miR‑374b mimic group was significantly reduced, compared with the other three groups (**P<0.01). (B) CIK cells were transfected with 
NC, miR‑374b mimic or miR‑374b inhibitor. The efficiency of this miR‑374b mimic or inhibitor was confirmed via qPCR assay. (C) Relative PD‑1 mRNA 
expression level in transfected CIK cells was confirmed via qPCR (*P<0.05 vs. NC group; **P<0.01, compared with NC group; ##P<0.01, compared with 
miR‑374b mimic group). (D) PD‑1 protein expression levels were confirmed via western blot analysis. GAPDH was used as a reference. (E and F) CIK cells 
were transfected with NC or siPD‑1. The efficiency of siPD‑1 was confirmed via qPCR and western blot analysis (**P<0.01 vs. NC group). WT, wild type; Mut, 
mutated; UTR, untranslated region; CIK, cytokine-induced killer; NC, negative control; siPD-1, small interfering programmed cell death-1; qPCR, quantita-
tive polymerase chain reaction; miR, microRNA; Inhibitor, miR‑374b inhibitor.
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Figure 4. Effect of PD-1 on IFN-γ production, cell viability, cytotoxicity and antitumor effect in CIK cells in vitro and in vivo. A synthetic siRNA targeting PD-1 
was employed to silence the expression level of PD-1 in CIK cells. (A) An ELISA was used to measure the expression of IFN-γ in CIK cells. The bands were 
quantified (**P<0.01 vs. CIK+Inhibitor+NC group). (B) ALDH release assay was used to determine the cytotoxicity of the CIK on HepG2 cells (**P<0.01 vs. 
CIK+Inhibitor+NC+HepG2 group). (C) The Cell Counting Kit‑8 assay was performed to visualize the proliferation of HepG2 cells with CIK (**P<0.01 vs. 
CIK+Inhibitor+NC+HepG2 group). (D) Winn assay and (E) adoptive transfer assay were used to examine the antitumor effect of siPD‑1 transfected CIK cells 
in nude mice. The volume of the tumors in different groups is depicted (*P<0.05,**P<0.01 vs. CIK+Inhibitor+NC+HepG2 group). IFN, interferon; siPD‑1, small 
interfering programmed cell death‑1; NC, negative control; CIK, cytokine‑induced killer; Inhibitor, miR‑374b inhibitor; LDH, lactate dehydrogenase; OD, 
optical density.

Figure 3. Selecting the high PD‑L1 expression liver cancer cell line. PD‑L1 expression in L‑02, HepG2, PLC and Huh7 cells were assessed via (A) flow 
cytometry, (B) reverse transcription‑polymerase chain reaction and (C) western blot analysis (*P<0.05, ***P<0.001 vs. L-02 group; ##P<0.01, ###P<0.001 vs. 
HepG2 group; ^^P<0.01 vs. PLC group). PD-L1, programmed cell death-1 ligand. Iso-PE, isotype control; PE, phycoerythrin.
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Discussion

In liver cancer, the activities of liver‑ and tumor‑infiltrating 
T cells are restricted due to the presence of multiple 
immune suppression mechanisms underlying the hepatic 
microenvironment (34,35). Particularly, the PD-1 signaling 
pathway negatively regulates antitumor immunity, resulting 
in lower proliferation, IFN-γ production and cytotoxicity 
by T cells (36,37). PD‑1 is an immune checkpoint inhibitor 
primarily expressed in CD8+ T lymphocytes, and frequently 
co-opted via cancer cells to escape immune surveillance (38). 
Additionally, as a regulator, PD-1 suppresses proliferation and 
cytokine production of T cells (39). Recently, numerous studies 
were regarding the functional roles of PD-1 in T lympho-
cytes (40-42). In addition, previous studies indicated that the 
anti‑PD‑1 antibody has the ability to block this checkpoint 
and induce the regression of several tumor types, including 
liver cancer, in preclinical studies (43,44). A number of studies 
revealed the potential role of miRNAs in cancer via affecting 
the cell proliferation, migration and invasion, through the regu-
lation of different target genes (45-49). Differential expression 
levels of miRNAs have been indicated to contribute to the 
initiation and progression of liver cancer (50,51). A previous 
study reported that miR-4717 suppressed PD-1 expression on 
lymphocytes in individuals with rs10204525 genotype GG 
via the interaction with single-nucleotide polymorphisms in 
the 3'UTR of PD-1 gene, and the suppression of PD-1 expres-
sion was associated with increased production of TNF-α and 
IFN-γ (52).

In the present study, it was predicted that miR‑374b 
may target the 3'UTR of PD-1 mRNA. Transfection of CIK 
cells from individuals with miR‑374b mimics significantly 
suppressed PD-1 mRNA and protein expression in CIK cells. 
By contrast, the miR‑374b inhibitor significantly up regulated 
the PD-1 expression. In order to investigate the mechanisms 
underlying the antitumor effects of PD-1 in CIK cells, in vitro 
and in vivo studies were performed. In vitro, PD-1 high expres-
sion CIK cells were obtained through transfecting miR‑374b 
inhibitor into CIK cells. Following this, a siRNA targeting 
PD-1 was constructed and transfected it to CIK cells to examine 
the antitumor effects of PD‑1. HepG2 cells with high expres-
sion of PD-1 were selected as the target cells for the following 
transfection study. The results demonstrated that IFN-γ 
secretion and the concentration of LDH were significantly 
increased in the CIK+Inhibitor+siRNA group, compared with 
the CIK+Inhibitor+NC group; however, the viability of liver 
cancer cell line HepG2 in the CIK+Inhibitor+siRNA+HepG2 
group had significantly decreased, compared with the HepG2 
cells in the CIK+Inhibitor+NC+HepG2 group.

In vivo, Winn assay and adoptive transfer assay were used 
to examine the antitumor effect of siPD-1 transfected CIK 
cells in nude mice. The result demonstrated that mice inocu-
lated with HepG2 cells and miR‑374b inhibitor transfected 
CIK cells with PD-1 knocked down had a tumor volume 
significantly reduced, compared with the control group. The 
data demonstrated that PD-1is closely associated with the 
promotion of tumor growth.

These observations support the conclusion that the targeted 
killing effect of CIK cells was associated with the down 
regulation of PD-1 gene expression. The novel data provides 

a deeper understanding of the role of PD-1 in immune regu-
lation and has significant implications for cancer immune 
therapies targeting PD-1 on CIK cells; therefore, the results in 
the present study have provided novel target and genetic infor-
mation, which may be employed for designing new therapeutic 
modalities against liver cancer. However, further studies are 
required to validate the interacted role of miR‑374b and PD‑1 
expression and the effect of PD-1 on liver cancer growth in vivo 
using various liver cancer cell lines. Furthermore, it will be 
necessary to further explore the functions and mechanisms 
underlying miR‑374b and PD‑1 on CIK cells in liver cancer.
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