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Abstract: Objective: To explore the role of PD-1 expression level on the growth of hepatocarcinoma line H22.
Methods: Tumor-bearing mice model was established with H22 cells in ICR mice. The model mice were randomly
divided into two groups, control group and PD-1 interference group (PD-1-siRNA). The control group was injected
transfection reagent, wherase the PD-1-siRNA was given the transfection reagent with PD-1-siRNA. Observed the
life condition and tumor growth of mice, measured and recorded the tumor volume. The mRNA expression levels of
PD-L1, PD-L2, P53, caspase-3 and IL-6 in tumor tissue were detected by real time fluorescence quantitative PCR
(qPCR) technique. The expression of IFN-γ cytokines in spleen and tumor tissue was detected by ELISA. The ratio
of Bax and Bcl-2 protein was detected by Western Blot to analyze the effect of PD-1-siRNA on tumor cell apoptosis.
Results: Compared with control group, mice of PD-1-siRNA in better quality of life, survival time prolonged and
the tumor volume of mouse was significantly reduced. The mRNA expression levels of PD-L1, PD-L2, P53 and
caspase-3 were increased, others, IL-6 expression level was significantly decreased. The expression level of IFN-γ
was up-regulated in spleen and tumor tissues. Western blot shown that the ratio of Bax and Bcl-2 was significantly
increased. Conclusion: Interfere of PD-1 expression can effectively inhibit the growth of hepatocarcinoma cell H22
in mice.
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1. Introduction
Liver cancer is one of the most common cancers with
high incidence in the worldwide. About 370,000 people
are suffering from liver cancer each year. Liver cancer
with a high mortality rate, a high degree of malignancy
and rapid progression [1], makes it difficult to cure.
Clinical studies have confirmed that biological
immunotherapy technology[2; 3]is the latest treatment of
liver cancer, and it will become one of the most
advantageous and promising biotechnology. The
principle of biological immunotherapy is to use the
body's autoimmune cells to kill tumor cells and inhibit
the proliferation of tumor cells, as well as to enhance
the body's immune function at the same time.
PD-1 is an important negative immune checkpoint
expressed on T lymphocytes and plays an important
role in the immune escape of tumor cells[4]. PD-1
ligands are PD-L1 and PD-L2. PD-1 binds to its ligand
can inhibit the viability of T cells[5]. Therefore,
blocking
PD-1/PD-L1
signaling
way
by
down-regulation of PD-1 can improve the vitality of T
lymphocytes[6]. Varieties of studies have shown that

under-regulated the expression of PD-1 helps to
promote lymphocyte immune response to tumors [7; 8].
In this experiment, the double-stranded siRNA PD-1
was injected into the tumor of the model mice by RNAi
technique to observe its inhibitory effect on the
proliferation of H22 cells.
2. Experimental material and method
2.1 H22 hepatocarcinoma xenograft tumor
establishment in mice
SPF male ICR mice weighing ranging from 22 to 27 g
were purchased from Vital River Laboratory Animal
Technology co, Ltd (Beijing, China). The H22 cell line
were offered by Weifang Medical College. All the
animal experimental procedures in this study were
conducted according to protocols approved by the
institutional ethical committee of Qingdao Medical
University.
H22 cells were inoculated into the abdominal cavity of
ICR mice and passaged 3 times in succession. Ascite
grown to 7-9 days later, extracted the vigorous ascite to
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cell count, and diluted to the concentration of 1×107/ml
with PBS. Each of 20 ICR mice was inoculated with
0.2ml of the cell suspension into the right forelimb
armpit.
2.2 Tumor suppression effect
The tumor bearing mice were divided into control and
PD-1-siRNA after the tumor grown for 6 days. Each
group was 12, and the volume of tumor was basically
the same in each group. The control group was given
transfection reagent (Entranster TM-in vivo, Engreen
Biosystem co, Ltd) with negative control siRNA.
PD-1-siRNA injected transfection reagent with
PD-1-siRNA, and each mouse was administered 19.8
μg. All siRNAs were synthesized by Shanghai Gemma.
Tumor was injected every 3 days for a month.
The
sequence
of
PD-1-siRNA:
sense:
5-CCUGGAGACCUCAACAAGdTdT-3, antisense:
5-UCUUGUUGAGGUCUCCAGGdTdT-3.
The
sequence
of
negative
control
RNA:sense:5-UUCUCCGAACGUGUCACGUdTdT-3

Table 1 primer sequence
gene symbol
β-actin
PD-L1
PD-L2
P53
Caspase-3
IL-6

Medications are tumor-side injection. The longest
diameter (a) and the shortest diameter (b) of the tumors
were measured every 3 days, calculated tumor volume
(V) by a×b2/2 formulation. Observed two groups of
tumor growth and draw the tumor growth curve.
2.3 Real time fluorescence quantitative PCR assay
Total RNA was isolated using Trizol reagent (Takara,
China) from tumor tissue of the tumor bearing mice.
Reverse transcription ( TransScript One-step gDNA
Removal and cDNA Synthesis SuperMix, China)was
performed with 4 μg RNA in 20 μl system. After
reverse transcription the cDNA was subjected to PCR
amplification (TransStart Tip Green qPCR SuperMix,
China)：94℃ for 30s, 94℃ for 5s, 60℃ for 30s. Forty
cycles of amplification, each sample was set to 3
parallel reaction wells, used 2-△△Ct method to calculate
the expression of the mRNA in each group. The primer
sequences are shown in Table 1.

primer sequence
Sense: 5-ATGGGTCAGAAGGACTCCTATG-3
Antisense:5-ATCTCCTGCTCGAAGTCTAGAG-3
Sense: 5-GGAATTGTCTCAGAATGGTC-3
Antisense: 5-GTAGTTGCTTCTAGGAAGGAG-3
Sense: 5-AAGACTGACAATCTTCCCTC-3
Antisense: 5-CCTGAAAGTCATTAGGAGCC-3
Sense: 5-GTACCGTATGAGCCACCTGAG -3
Antisense: 5-CGTCCCAGAAGATTCCCAC -3
Sense: 5-CTGGACTGCGGTATTGAG -3
Antisense: 5-CGGGTGCGGTAGAGTAAGC -3
Sense: 5-CCACTGCCTTCCCTACTTCA -3
Antisense: 5-AACGGAACTCCAGAAGACCA -3

2.4 ELISA measurements of IFN-γ in tumor and
spleen
The 50mg tissues were cut into the RIPA lysate which
contained 1% PMSF to extract protein from the
homogenate. The BCA method was used to determine
the concentration of the protein, and the concentration
of the protein was adjusted according to the instruction
of the ELISA kit ( RayBio Mouse IFN-gama ELISA
Kit, USA). Levels of IFN-γ in tumor and spleen were
measured by enzyme linked immunosorbent assays
(ELISA) kits in triplicate according to manufacturer's
recommended protocol.
2.5 Western Blot
Xenograft tumor tissues were lysed on ice in RIPA lysis
buffer for 10 min. The lysates were centrifuged at
12,000g for 10 min at 4℃ and supernatants were
collected. The proteins were quantified with a BCA
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,antisense:5-ACGUGACACGUUCGGAGAAdTdT-3
.

Protein Assay Kit. Equal amount of proteins (40 mg)
was loaded onto 12% SDS-PAGE and transferred to
PVDF membranes. The membranes were blocked in
5% non-fat dried milk buffered for 1h and incubated
with primary antibodies against Bax (Santa Cruz, CA,
USA) (1:400), Bcl-2 (Santa Cruz, CA, USA) (1:400)
and β-actin (zhongshan, China) (1:1000) overnight at
4℃. Then the membranes were washed and incubated
with secondary antibody (MultiSciences, china) for 2h
at room temperature. Blots were washed three times
with TBST. Through the development of ECL
hypersensitive luminescent liquid (chemiluminescent
HRP Subsrate), the gray value of the gel image was
analyzed by software. The relative expression of the
target protein was analyzed according to the ratio of
Bax and Bcl-2 protein gray value.
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2.6 Statistical analysis
The data were presented as mean ± SD. Statistical
analysis was performed with GraphPad Prism 6.0
statistical software. The significance of the data was
determined by one-way analysis of variance (ANOVA)
except for survival rate determined by Log-rank test
and P < 0.05 was considered statistically significant.
3. Results
3.1 Physiological observation
After using PD-1 interference

RNA,

mice

PD-1-siRNA group had good nutritional status, slowed
tumor growth and survival time prolonged. In contrast,
mice in control group gradually weakened, poor
nutrition, the latter was cachexia and apperence of
death in mice. As shown in figure A and B, the weight
and volume of the tumor were significantly decrased
than those of the control group, P<0.05. As shown in
Figure C, the survival rate of mice was improved after
PD-1-siRNA treatment compared with the control
group, P<0.05.

in

Figure1 Antitumor effect of PD-1 siRNA in the H22 xenografts. A. The weight of tumor. B. The volumn of tumor.
Tumor diameters were measured at a regular interval with calipers, and the tumor volume was calculated. Compared
with the control group, the weight and volumn of tumors were significantly decrased (**P<0.01). C. Survival rate of
mice in two groups.
3.2 QPCR assay results
QPCR technique was used to detect the changes in
mRNA expression levels of PD-L1, PD-L2, P53,
Casepase-3 and IL-6 after using PD-1-siRNA. The

expression levels of PD-L1, PD-L2, P53 and
Casepase-3 were significantly increased in tumor,
While the expression level of IL-6 was decreased,
P<0.05.

Figure 2 A. Relative PD-L1 mRNA expression in tumor. B. Relative PD-L2 mRNA expression in tumor. C. Relative
P53 mRNA expression in tumor. D. Relative Caspase-3 mRNA expression in tumor. E. Relative IL-6 mRNA
expression in tumor.(**P<0.01, *P<0.05)
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3.3 ELISA assay results
The expression levels of IFN-γ in tumor and spleen
were detected by ELISA. Compared with control group,

the levels of IFN-γ was increased in tumor and spleen,
P<0.05.

Figure 3A. Relative IFN-γexpression in tumor. B. Relative IFN-γ expression in spleen.(**P<0.01)
3.4 Western Blot result
The expressions of Bax and Bcl-2 protein analyzed by
western blot. Results shown are representative of two
independent experiments. Results were expressed as

the ratio of expression level of Bax over Bcl-2. The
PD-1 siRNA transfection increased the Bax/Bcl-2 ratio,
P<0.05.

Figure 4 A. the protein levels of Bcl-2 and Bax were detected using western blot. B. The ratio of Bax over Bcl-2
protein.(**P<0.01)
4. Discusstion
PD-1 (programmed death receptor 1) is one of the most
widely studied and used molecule which negatively
regulate immunological checkpoint [9; 10]. It is a type I
transmembrane protein weighted 55 kDa. The
biological structure of PD-1 consists of extracellular
domain, hydrophobic transmembrane region and
cytoplasmic region. The most notable feature is that
PD-1 contains two tyrosine residues located in the tail
of cytoplasmic region, which contains ITIM and ITSM.
ITSM is the key function area. The PD-1 located on T
cell surface binds to PD-L1 and PD-L2 ligands existed
on the surface of APC cells contributes to the formation
of PD-1 inhibitory pathway which cause the
dephosphorylation
of
downstream
effector
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molecules[11]. PD-1 can also inhibit the downstream
NF-κB transcription, reduce the secretion of IFN-γ and
ultimately inhibit T lymphocyte immunity. To a certain
extent, PD-1 mediated the immune escape of tumor
cells [12]. In view of the theoretical basis above,
immunomodulation targeted PD-1 is of great
importance in the treatment of tumors.
In this experiment, the tumor-bearing mice were
divided into two groups: control group and
PD-1-siRNA group. The control group was given the
transfection reagent, and the PD-1-siRNA group was
given the transfection reagent with interference RNA
PD-1 for testing. It was found that PD-1 significantly
inhibited and slowed down the growth of tumor. Due to
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the downregulation of PD-1 expression caused by
PD-1-siRNA, the expression of its ligands PD-L1 and
PD-L2 increased. And after using PD-1-siRNA, a
variety of inflammatory cytokine secretion changes.
After PD-1-siRNA was injected into the side of tumor,
PD-1 activation was blocked, T cell viability was
activated and the secretion of IFN-γ in spleen was
increased. And the IFN-γ has multiple antitumor
effects[13], the expression of IFN-γ in the tumor tissue
also increased which can promot apoptosis of tumor
cells. In contrast, the amount of IL-6 expression was
significantly reduced in tumor. IL-6, as a
multifunctional inflammatory cytokine, plays an
important role in inflammation and tumorigenesis. IL-6
can promote the formation of tumor blood vessels[14],
which are conducive to the growth and metastasis of
cancer cells and are able to suppress the immunity of
the body ,mediate gene expression of many cytokines
such as Bcl-x and Bcl-2, and induce EMT in tumor
cells. IL-6 can also promote the invasiveness and
distant metastasis of tumor cells[15], and increase the
degree of malignancy of the tumor. After using of
PD-1-siRNA, the expression of IL-6 mRNA decreased,
which enhance the body's lethality of tumor cells.
P53 is a crucial tumor suppressor gene[16]. P53 gene
inactivation plays an important role in tumor formation.
P53 wild-type can cause apoptosis of cancer cells and
thus prevent cancer. It also has the function of assisting
gene repairing. P53 can not only regulate the
expression of a variety of genes, but also participates in
the regulation of some important cells signaling
pathways[17]. It is also found that P53 can induce
apoptosis through the activation of Caspase-3 protein,
Fuchs[18]has found that Fas deficient cells render wild
type P53, can lead to the activation of Caspase-3
protein, and induce the characteristic of apoptosis.
P53-dependented apoptosis can be mediated through
Fas which directly activate Caspase-3 protein.
Caspase-3 protein belongs to the caspase protein family,
and participates in the process of cell apoptosis, which
is the executor of apoptotic cells[19]. The available
evidence shows that the protease is closely related to
apoptosis, and apoptosis may be the process of protease
cascade[20]. Caspase-3 plays a very important role in
triggering the caspase in the caspase cascade.
Caspase-3 is activated by a variety of factors to induce
hepatoma cell apoptosis, promote caspase-3 activation
and apoptosis of hepatoma cells indicating caspase-3
plays a very important role in the process of hepatoma
cell apoptosis.
Bax and Bcl-2 are a pair of important apoptosis related
protein in the body. The increase of Bax or decrease of
the Bcl-2 can promote tumor cell apoptosis, so
Bax/Bcl-2 has a closely relationship to the occurrence
and development of tumor.
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The general treatments of liver cancer are surgical
treatment, radiotherapy and chemotherapy [21].Although
these methods can effectively inhibit the growth of
hepatoma cells, it has tremendous side effects and harm
to the body. Whats more, liver cancer is often
diagnosed at its final stage, which made it very difficult
to cure. Current research has found that biological
immunotherapy has a new breakthrough in the
treatment of cancer [22]. On the market there have been
many drugs which block PD-1/PD-L1, which most are
antibodies, although these drugs can inhibit the growth
of a variety of malignant tumors, yet still they produce
side effects and antibodies, which lead to immune
tolerance, thus reduce the effects of the drug. In the
meanwhile the use of siRNA will not cause body's
immune rejection. Moreover The price of these drugs is
more competitive compared with antibody drugs and
may soon become a new tool for the treatment of
cancer.
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