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Background: Pancreatic cancer is one of the most aggressive and intractable malignant tumors, 

and most deaths from pancreatic cancer are related to metastases. It has been demonstrated 

in vitro that overexpression of programmed death-ligand 1 (PD-L1) correlates with a lack of 

phosphatase and tensin homologue (PTEN) expression in pancreatic cancer tissue. This loss 

of PTEN expression may aberrantly activate the phosphatidylinositol 3-kinase (PI3K)/Akt/

mammalian target of rapamycin (mTOR) pathway, and thereby promote tumor cell survival, 

proliferation, and disease progression. In this study, we investigated the potential therapeutic 

effect of blockading PD-L1 expression on the progression of pancreatic cancer and its spontane-

ous liver metastases in vivo by inhibiting the PI3K/Akt/mTOR signaling pathway.

Methods: We investigated the effect of blockading PD-L1 in an orthotopic pancreatic cancer 

mouse model. The pancreatic tumor weights and inhibition ratios were determined after treat-

ment with antimouse PD-L1 antibody for 5 weeks. We used immunohistochemistry methods 

to investigate PD-L1 expression in pancreatic cancer tissue and spontaneous liver metastasis 

tissue. The levels of mRNA and protein expression for various components involved in the 

PI3K/Akt/mTOR signaling pathway as well as for matrix metalloproteinases-2 and -9 (MMP2 

and MMP9) were measured by reverse transcription polymerase chain reaction (RT-PCR) and 

Western blot methods, respectively.

Results: Blockading PD-L1 significantly inhibited tumor growth and decreased the levels of 

PD-L1 expression in tumor tissue. Furthermore, the levels of PTEN mRNA and protein expres-

sion were elevated, while the levels of phospho-Akt (p-Akt) and phospho-mTOR (p-mTOR) 

protein were decreased in pancreatic cancer and liver metastasis tissues after establishing a 

PD-L1 blockade. In addition, a PD-L1 blockade decreased the levels of MMP2 and MMP9 

mRNA and protein expression in tumor tissues.

Conclusion: Our results suggest that a blockade of PD-L1 may inhibit the growth and metastasis 

of pancreatic cancer by modulating the PI3K/Akt/mTOR pathway.

Keywords: PD-L1 blockade, pancreatic cancer, spontaneous liver metastasis, PI3K/Akt/mTOR 

pathway, PTEN, MMP2, MMP9

Introduction
Pancreatic cancer is one of the most intractable and highly malignant tumors.1 Most 

patients with pancreatic cancer are asymptomatic until they are diagnosed at an 

advanced stage of their disease.2 Although great progress has been made in treating 

pancreatic cancer with surgery, chemotherapy, radiotherapy, and combined treatment, 
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the 5-year survival rate among pancreatic cancer patients 

in the United States is ~6%.3 Moreover, pancreatic cancer 

is expected to become the second leading cause of cancer-

related death by 2030.4 Tumor metastasis is responsible 

for more than 90% of pancreatic cancer mortality, and the 

current treatments for metastatic pancreatic cancer are only 

minimally effective.5

Accumulating evidence suggests that tumor cells evade 

host immune recognition by immune checkpoints; this lack 

of immune recognition results in tumor dissemination, 

metastasis, and disease relapse.6 The programmed death-1/

programmed death-ligand 1 (PD-1/PD-L1) pathway is a 

normal part of the immune regulation system that signals 

for inhibition of T-cell activation in autoimmune diseases.7 

Therefore, tumor cells can utilize the PD-1/PD-L1 pathway 

to silence the immune system.8 PD-1 is a member of an 

immunoglobulin superfamily that includes CD28 and other 

molecules. PD-1 is expressed on T cells, B cells, natural 

killer cells, monocytes, and certain subsets of dendritic 

cells.9 There are two PD-1 ligands: PD-L1 (B7-H1) and 

PD-L2 (B7-DC), of which PD-L1 is the most relevant in 

the tumor microenvironment.10 PD-L1 is highly expressed 

on the tumor-infiltrating lymphocytes found in most cancers 

as well as on the surface of numerous human solid tumors, 

such as non-small cell lung carcinoma, ovarian carcinoma, 

melanomas, gastrointestinal cancers, and pancreatic cancer.11 

The PD-1/PD-L1 interaction inhibits T-cell receptor signal-

ing by stimulating phosphorylation of the immunoreceptor 

tyrosine-based switch motif, and also induces the production 

of tyrosine phosphatase 2, resulting in decreased levels of 

T-cell proliferation and an increased proliferation of tumor-

infiltrating T-regulatory cells.12 Thus, inhibiting the PD-1/

PD-L1 interaction might recover T-cell activity and enhance 

antitumor immune responses.13 PD-L1 expression in tumor 

tissue is predictive of a poor prognosis for patient survival, 

and is correlated with a patient’s clinical response to anti-

PD-L1 treatment.14 Therapies that block PD-L1 expression 

have produced impressive response rates in patients with 

different types of advanced cancers, including advanced 

melanoma, non-small cell lung carcinoma, and renal cell 

cancer.15 However, there have been no objective responses 

among patients with pancreatic cancer.16

An increase in PD-L1 expression is significantly correlated 

with the loss of phosphatase and tensin homologue (PTEN).17 

The PD-1/PD-L1 interaction can reduce PTEN activity and 

stimulate phosphatidylinositol 3-kinase (PI3K) phospho-

rylation by recruiting tyrosine phosphatase 2. This series 

of events results in activation of the PI3K/Akt/mammalian 

target of rapamycin (mTOR) pathway.18 Class I PI3Ks 

generate lipids (PI(3,4,5)P3) that modulate the activity of a 

range of signaling proteins, including protein kinases (such 

as Akt/PKB). The regulatory subunit p85α of PI3K and Akt2 

isoforms are confirmed to be overexpressed in human pan-

creatic adenocarcinomas.19 The PI3K/Akt/mTOR pathway 

plays a key role in numerous cellular processes, including 

metabolism, cell survival, differentiation, proliferation, 

motility, and angiogenesis.20 Activation of the PI3K/Akt/

mTOR signaling pathway is central to the growth of many 

human cancers, and stimulates their metastasis.21 Matrix 

metalloproteinases (MMPs) play a crucial role in facilitating 

tumor cell migration and invasion, both of which are medi-

ated by several signaling pathways, including the PI3K/Akt/

mTOR signaling pathway.22 Moreover, MMP2 and MMP9 

(gelatinase A and gelatinase B) have been implicated in the 

metastasis of pancreatic cancer.23

Tumor cell invasion and metastasis are the most com-

mon causes of unsuccessful pancreatic cancer treatment.24 

To investigate the effect of a PD-L1 blockade on pancreatic 

cancer and metastasis, we established an orthotopic pancre-

atic cancer animal model, and then used it to analyze rela-

tionships between the levels of PD-L1 and PTEN expression 

in vivo. Finally, we investigated how a PD-L1 blockade and 

the PI3K/Akt/mTOR pathway affect pancreatic cancer pro-

gression and the occurrence of spontaneous liver metastasis. 

We found that blockading PD-L1 could suppress pancreatic 

cancer progression and the occurrence of spontaneous liver 

metastasis by modulating the PI3K/Akt/mTOR pathway and 

simultaneously downregulating MMP2 and MMP9 expres-

sion. Our study results will provide a better understanding of 

the mechanism by which a PD-L1 blockade affects pancreatic 

cancer and its metastasis.

Material and methods
Mice and cell lines
Female C57BL/6 mice (6–8 weeks old) were purchased from 

Beijing Vital River Laboratory (Beijing, People’s Republic 

of China). The mice were housed in a pathogen-free envi-

ronment that was maintained at a temperature of 25°C and 

a relative humidity of 45%–55%. The protocol for this study 

was approved by the Animal Care and Use Committee of 

China Medical University. All animal experiments were 

carried out in accordance with the guidelines established 

by China Medical University and were approved by the 

Animal Welfare and Research Ethics Committee of China 

Medical University. A murine pancreatic adenocarcinoma 

cell line was obtained from the China Infrastructure of 
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Cell Line Resources (Beijing, People’s Republic of China). 

The cells were cultured in DMEM supplemented with 10% 

heat-inactivated fetal bovine serum. The cultured cells were 

maintained in a humidified 5% CO
2
 atmosphere at 37°C.

Experimental protocol
The C57BL/6 mice (n=10) were anesthetized with 4% chloral 

hydrate solution (0.1 mL/10 g), after which the abdomen 

of each mouse was opened by a 0.5-cm left flank incision. 

The pancreas was exteriorized through the incision and then 

slowly injected with 5×105 cells.25 Following injection, the 

pancreas was relocated into the abdomen, and the peritoneum 

and skin were closed with a 5-0 Vicryl suture. All surgical 

procedures were performed under sterile conditions and were 

well tolerated by the mice.

To ensure that pancreatic tumors had been successfully 

established after the intrapancreatic injection of cancer cells, 

serum samples were collected from the tail vein of each 

mouse 1 day before and 7 days after injection, and examined 

by an enzyme-linked immunosorbent assay for their levels 

of carbohydrate antigen 19-9.

Treatment protocol
Seven days after injection, the mice were randomly assigned 

to two separate groups. Mice in the anti-PD-L1 group were 

intraperitoneally injected with 0.2 mg of antimouse PD-L1 

antibody (MIH5, rat IgG2a) (eBioscience; San Diego, CA, 

USA) three times per week for 5 weeks. Mice in the control 

group were intraperitoneally injected with normal saline 

solution.26 One week after the last injection, both groups 

were euthanized and dissected, and their pancreatic tumors 

and liver metastases were divided and examined under a dis-

secting microscope, and the nontumor tissue was removed 

from pancreatic tumor. The weights of the pancreatic tumors 

were measured, and growth inhibition ratios were calculated 

using the formula: 
C T

C

−
×100%  (C = mean weight of 

control tumors; T = mean weight of treated tumors). There 

is no obvious pulmonary and peritoneal metastasis in both 

groups.

Immunohistochemistry
The collected pancreatic tumors and liver metastases were 

fixed in 4% paraformaldehyde for 24 h and then embedded in 

paraffin. Serial sections of 4-µm thickness were prepared for 

immunohistochemistry. After deparaffinization and antigen 

retrieval, the sections were preincubated in blocking serum, 

and then incubated overnight with the anti-PD-L1 antibody 

(Abcam; Cambridge, UK). Following incubation, the sections 

were washed three times in phosphate-buffered saline (PBS) 

and then incubated with biotin-conjugated secondary anti-

body for 2 h. Next, the sections were washed 3 more times in 

PBS and then incubated with avidin-biotinylated peroxidase 

complex for 30 min; they were then washed with PBS for 

10 min. After being washed, 100 µL of 3, 3-diaminobenzidine 

substrate was placed on each tissue section, and the chromo-

gen on each slide was allowed to develop its color. Immedi-

ately after color development, the slides were washed with 

ddH
2
O for 10 min, and then counterstained with hematoxylin. 

After dehydration through an ethanol series and xylene, each 

stained section was examined by light microscopy (Nikon; 

Tokyo, Japan).

Quantitative analysis of IHC
Stained tissues were defined as those showing membrane and 

cytoplasmic staining pattern of tumor tissue as previously 

described.27 PD-L1 staining intensity was graded into four 

groups: no staining (0), weak staining (1+), moderate staining 

(2+), and intense staining (3+) (Figure S1). The immunos-

tained slide was evaluated under the microscope.

H scores, which combine components of staining 

intensity with the percentage of positive cells, were calcu-

lated. H scores have values ranging from 0 to 300 and are 

defined as:

•	 1 * (percentage of cells staining at 1+ intensity)

•	 +2 * (percentage of cells staining at 2+ intensity)

•	 +3 * (percentage of cells staining at 3+ intensity)

•	 = H score.

All slides were scanned and graded by three independent 

pathologists.

Reverse transcription polymerase chain 
reaction (RT-PCR)
TRIzol reagent (Invitrogen; Waltham, MA, USA) was 

used to extract total RNA from samples of tumor tissue 

as previously described.28 The concentration and purity 

of the isolated RNA molecules were determined by spec-

trophotometry at wavelengths of 260, 280, and 320 nm. 

The ratio of A260-A320/A280-A320 was calculated to 

assess RNA purity, and the absorbance at 320 nm served 

as background absorbance. DNase I digestion was per-

formed to remove contaminating DNA, after which, the 

quality of the extracted RNA was detected by 1.2% form-

aldehyde agarose gel electrophoresis. A 1-μg sample of 

RNA was reverse transcribed into cDNA using a reverse 

transcription kit (Takara, Japan). RT-PCR was performed 

to detect PTEN, PI3K, Akt, mTOR, MMP2, MMP9, and 
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glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 

expression in various tissue samples. The sequence-specific 

primers used for RT-PCR are shown in Table 1. Therefore, 

we analyzed the expression level of IFN-γ, granzyme B, and 

perforin in pancreatic tumor. The sequence-specific primers 

are shown in Table S1. RT-PCR was performed with an 

ABI PRISM 7700 apparatus (Applied Biosystems; Foster 

City, CA, USA), and the amplification program consisted 

of denaturation at 95°C for 30 sec followed by 40 cycles 

of 95°C for 5 sec and then annealing at 60°C for 40 sec. 

Relative levels of RNA expression were assessed using the 

2-ΔΔCt method. The housekeeping gene GAPDH served as 

an internal control.

Western blot analysis
Ice-cold RIPA lysis buffer containing 1 mM phenylmethyl-

sulfonyl fluoride was used to extract the total proteins from 

samples of tumor tissue. The extraction of phosphorylated 

proteins required inclusion of phosphatase inhibitors in the 

extraction buffer. Samples of tumor tissue (~50 mg) were 

homogenized in 500 μL of RIPA lysis buffer and then 

incubated on ice for 20 min, after which the samples were 

centrifuged at 14,000 rpm (4°C) for 30 min. The superna-

tant fractions containing soluble proteins were collected 

and stored at -80°C. Protein concentrations were deter-

mined using a bicinchoninic acid protein assay kit (Pierce; 

Rochford, IL, USA), according to the manufacturer’s 

instructions. Equal amounts of total protein (30 μg) were 

fractionated by 12% polyacrylamide gel electrophoresis, 

and the separated protein bands were transferred onto a 

PVDF membrane (BioRad; Hercules, CA, USA) by the 

wet transfer method. The membrane was then blocked 

with 5% skimmed dry milk in TBST (50 mM Tris-HCl, 

150 mM NaCl, 0.1% Tween 20, pH 7.4) for 2 h at room 

temperature. It was then washed 3 times with washing buffer 

(TBS with 0.1% Tween 20, pH 7.6) for 10 min each time. 

After being washed, the membrane was incubated with the 

primary antibodies (rabbit anti-PTEN, rabbit anti-PI3K, 

rabbit anti-phospho-PI3K [Tyr458], rabbit anti-Akt, rabbit 

anti-phospho-Akt [Ser473], rabbit anti-mTOR, and rabbit 

anti-phospho-mTOR [Ser2448] [Cell Signaling Technology; 

Danvers, MA, USA]) and also mouse anti-MMP2, mouse 

anti-MMP9, and mouse anti-GAPDH (Santa Cruz Biotech-

nology; Santa Cruz, CA, USA) at dilutions of 1:1,000 in 

TBST at 4°C overnight.29 The following day, the membrane 

was washed three times with TBST (5 min per wash) and 

then incubated with goat antimouse or goat antirabbit IgG 

(Santa Cruz Biotechnologies) at a dilution of 1:5,000 in 

TBST at room temperature for 2 h. Next, the membrane 

was washed three more times with TBST, and ECL Plus 

substrate (Thermo Fisher Scientific; Waltham, MA, USA) 

was applied to the membrane in a darkroom. The staining 

images were captured with a Chemiluminescence Imaging 

System (Tanon Science & Technology; Shanghai, People’s 

Republic of China), and the gray scale of each band was 

analyzed using ImageJ software. Protein expression was 

normalized to that of GAPDH.

Statistical analysis
All data were analyzed using GraphPad Prism version 6.01 

software (GraphPad Prism; San Diego, CA, USA). Differ-

ences between two groups were evaluated using Student’s 

t-test. All data were from three separate experiments and 

analyzed in a blinded manner, and values were expressed 

as the mean ± standard deviation. A P-value  ,0.05 was 

considered statistically significant.

Results
Effects of anti-PD-L1 antibody on the 
growth of pancreatic cancer and its 
spontaneous liver metastasis in vivo
We established an orthotopic mouse model of pancreatic 

adenocarcinoma for use in determining the therapeutic effect 

of blocking the PD-1/PD-L1 pathway on pancreatic cancer 

and its metastasis in vivo. The mean carbohydrate antigen 

19-9 serum level increased from 13.898±2.272 U/mL at 

1 day before injection of the pancreatic cancer cells to 

64.787±8.052 U/mL at 7 days after injection (Figure S2; 

P,0.01). After treatment with anti-PD-L1 antibody for 

Table 1 Primers sequence for reverse transcription polymerase 
chain reaction

PTEN-F CAGCCATCATCAAAGAGATCG
PTEN-R TTGTTCCTGTATACGCCTTCAA
PI3K-F AGGAGCGGTACAGCAAAGAA
PI3K-R GCCGAACACCTTTTTGAGTC
Akt-F TGAAAACCTTCTGTGGGACC
Akt-R TGGTCCTGGTTGTAGAAGGG
mTOR-F CTGGGACTCAAATGTGTGCAGTTC
mTOR-R GAACAATAGGGTGAATGATCCGGG
MMP2-F GCACTCTGGAGCGAGGATAC
MMP2-R GCCCTCCTAAGCCAGTCTCT
MMP9-F AAGGCAAACCCTGTGTGTTC
MMP9-R GTGGTTCAGTTGTGGTGGTG
GAPDH-F GGAAGGTGAAGGTCGGAGT
GAPDH-R CCTGGAAGATGGTGATGGG

Abbreviations: PTEN, phosphatase and tensin homologue; PI3K, phosphati
dylinositol 3-kinase; mTOR, mammalian target of rapamycin; MMP2, Matrix 
metalloproteinases-2; MMP9, Matrix metalloproteinases-9; GAPDH, glyceraldehyde-
3-phosphate dehydrogenase; F, Forward; R, Reverse.
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5 weeks, all experimental mice exhibited a gradual weight 

loss and reduced activity; however, the average weight 

of the mice in the two groups was not significantly dif-

ferent (Figure 1A; P.0.05). After sacrificing the mice, 

we found that all the mice in both groups had pancreatic 

tumors. The mean weights of the pancreatic tumors in 

the control group and in the anti-PD-L1 group were 

0.236±0.050 g and 0.126±0.041 g, respectively (Figure 1B; 

P,0.01). The anti-PD-L1 treatment inhibited pancreatic 

tumor growth by 46.6%. Liver metastases were found in 5 

of 5 mice in the control group and 2 of 5 mice in the anti-

PD-L1 group.

Anti-PD-L1 antibody reduced PD-L1 
expression in pancreatic cancer tissue 
and metastases
We used immunohistochemistry methods to examine PD-L1 

expression in pancreatic cancer tissue and spontaneous 

liver metastases. All immunostained tumor sections were 

examined by bright-field microscopy, and images were 

photographed with a microscope camera (Nikon; Tokyo, 

Japan) at a magnification of ×400. We found that the PD-L1 

expression was significantly reduced in pancreatic cancer 

tissue and liver metastasis tissue when compared with its 

expression in the control group (Figure 2 and Table S2; 

P,0.0001 and P,0.0001), and mainly expressed on pan-

creatic carcinoma cells. RT-PCR demonstrated that the 

expression level of IFN-γ, granzyme B, and perforin was 

significantly higher in the anti-PD-L1 group than in the 

control (Figure S3; IFN-γ: P,0.01, granzyme B: P,0.01, 

and perforin: P,0.01, respectively).

Anti-PD-L1 antibody influenced the 
expression of components involved in the 
PI3K/Akt/mTOR signaling pathway
To determine how a PD-L1 blockade affects the PI3K/

Akt/mTOR signaling pathway, we examined the levels 

of PTEN, PI3K, Akt, and mTOR mRNA expression in 

pancreatic cancer tissue and spontaneous liver metastases 

after treatment with the anti-PD-L1 antibody (Figure 3). 

We found that the levels of PTEN mRNA expression in 

pancreatic cancer tissue and liver metastases were signifi-

cantly higher in the anti-PD-L1 group than in the control 

(pancreatic cancer tissue: Figure 3A; P,0.01) (liver metas-

tasis tissue: Figure 3B; P,0.01). Similar levels of PI3K, Akt, 

and mTOR expression were found in pancreatic cancer tissue 

(Figure 3A; P.0.05) and liver metastasis tissue (Figure 3B; 

P.0.05) from the control group and the anti-PD-L1 group. 

We next performed Western blot studies to examine the 

levels of PTEN, PI3K, p-PI3K, Akt, p-Akt, mTOR, and 

p-mTOR protein expression in the tumors (Figure 4) after 

treatment with anti-PD-L1 antibody. The results showed 

that treatment with anti-PD-L1 antibody inhibited the PD-1/

PD-L1 pathway and resulted in increased levels of PTEN 

protein expression in pancreatic cancer tissue (Figure 4A; 

P,0.01) and liver metastasis tissue (Figure 4B; P,0.01). 

We also found significant decreases in p-Akt and p-mTOR 

protein expression in pancreatic cancer tissue (Figure 4A; 

P,0.01) and liver metastasis tissue (Figure 4B; P,0.01) in 

the anti-PD-L1 group compared with the control. However, 

both groups did not show any significant differences in their 

respective levels of PI3K, p-PI3K, Akt, and mTOR protein 

Figure 1 Effect of anti-PD-L1 antibody in an orthotopic pancreatic cancer mouse model.
Notes: (A) Average mouse body weight in the anti-PD-L1 group and control group. (B) The mean weight of pancreatic tumors after injection with anti-PD-L1 antibodies 
for 6 weeks. Data represent the mean ± standard deviation (n=5). **P,0.01. The data represent results from three separate experiments.
Abbreviation: PD-L1, programmed death-ligand 1.
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expression in pancreatic cancer tissue or spontaneous liver 

metastasis tissue after treatment (Figure 4; P.0.05).

Anti-PD-L1 antibody reduced MMP2 
and MMP9 expression in pancreatic 
cancer tissue and spontaneous liver 
metastasis tissue
It is well known that MMP2 and MMP9 are involved in 

the systemic dissemination of tumors.30 Furthermore, high 

levels of MMP2 and MMP9 have been found in pancre-

atic cancer tissue.31 In this study, we performed RT-PCR 

analyses (Figures 5A and B) and Western blot studies 

(Figures 5C and D) to measure MMP2 and MMP9 expres-

sion in samples of pancreatic cancer tissue and spontane-

ous liver metastasis tissue. We found that the levels of 

MMP2 and MMP9 mRNA expression were significantly 

decreased in both pancreatic cancer tissue (Figure 5A; 

P,0.05 and P,0.01, respectively) and liver metastasis 

tissue (Figure 5B; P,0.01) after treatment with anti-PD-L1 

antibody. Similar decreases were seen in the levels of 

MMP2 and MMP9 protein expression in pancreatic cancer 

tissue (Figure 5C; P,0.05 and P,0.01, respectively) and 

liver metastasis tissue (Figure 5D; P,0.01).

Discussion
Pancreatic cancer remains one of the most lethal human 

malignancies1 and is difficult to treat owing to its high 

incidence of metastasis to distant organs.2 Tumor cells can 

employ various mechanisms within the tumor microenvi-

ronment to evade the host’s immune surveillance system.32 

Interactions between immune-checkpoint receptor PD-1 

and its ligands (PD-L1 and PD-L2) on tumor cells can seri-

ously impair the ability of T cells to target tumor cells.33 The 

PD-1/PD-L1 pathway has emerged as a promising target for 

immune modulation of cancer. Furthermore, such modula-

tion may be achievable by inducing antitumor immune 

Figure 2 Immunohistochemical analysis of PD-L1 expression in pancreatic cancer tissue and spontaneous liver metastases.
Notes: (A) Representative images of pancreatic tumor and spontaneous liver metastases. (B–C) Hematoxylin-eosin staining of pancreatic tumor tissue and spontaneous 
liver metastases at ×100 and ×400 magnification, respectively. (D) PD-L1 expression after injection with anti-PD-L1 antibody for 6 weeks in both pancreatic tumor tissue and 
spontaneous liver metastases at ×400 magnification.
Abbreviation: PD-L1, programmed death-ligand 1.
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responses by the patient’s own immune system.32 Nomi et al34 

demonstrated the antitumor effects of a PD-L1 blockade in 

a mouse subcutaneous pancreatic cancer model. However, 

that study lacked an orthotopic environment for pancreatic 

tumor formation, which is essential for analyses of metastasis 

and response to treatment.

Our pancreatic cancer model was established by a local 

injection of murine pancreatic cancer cells into the pancreas, 

and was more similar to the actual in vivo environment in 

which pancreatic tumors grow and metastasize. The model we 

established had a 0% mortality rate. Furthermore, the ortho-

topic model is very important to our study because cancer 

immunity is highly regulated by organ-specific leukocyte 

recruitment.26 After treatment with anti-PD-L1 antibody 

for 5 weeks, the growth rates of the pancreatic tumors were 

inhibited by 46.6%, suggesting that the PD-L1 blockade 

had a significant effect on tumor growth. The occurrence of 

spontaneous liver metastasis was significantly decreased in 

the anti-PD-L1 group compared with the control group.

Several studies have confirmed that overexpression of 

PD-L1 in tumor cells is predictive of a poor prognosis.34–37 

Blockade PD-L1 could enhance the infiltration of tumor-

infiltrating lymphocyte, especially CD8+T cells, which 

might directly lead to the antitumor effect.34 We found 

that in the anti-PD-L1 group, PD-L1 expression was sig-

nificantly decreased in pancreatic cancer tissue and spon-

taneous liver metastases. The expression level of several 

effectors, including IFN-γ, granzyme B, and perforin, was 

Figure 3 Effect of anti-PD-L1 antibody on expression of mRNA for components involved in the PI3K/Akt/mTOR pathway.
Notes: The levels of PTEN, PI3K, Akt, and mTOR mRNA expression in pancreatic tumor tissue (A) and spontaneous liver metastases (B) were examined by RT-PCR. 
The mean levels of PTEN, PI3K, Akt, and mTOR mRNA expression were shown in representative images (left) and quantitative analysis demonstrating the average of three 
separate experiments (right). Data represent the mean ± SD (n=5). **P,0.01.
Abbreviations: PD-L1, programmed death-ligand 1; PTEN, phosphatase and tensin homologue; PI3K, phosphatidylinositol 3-kinase; mTOR, mammalian target of rapamycin; 
RT-PCR, Reverse transcription polymerase chain reaction.
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Figure 4 Effect of anti-PD-L1 antibody on proteins involved in the PI3K/Akt/mTOR pathway.
Notes: The levels of PTEN, PI3K, p-PI3K (Tyr458), Akt, p-Akt (Ser473), mTOR, and p-mTOR (Ser2448) protein expression in pancreatic tumor tissue (A) and spontaneous liver 
metastases (B) were detected by Western blotting. The mean levels of PTEN, PI3K, p-PI3K (Tyr458), Akt, p-Akt (Ser473), mTOR, and p-mTOR (Ser2448) protein expression 
were shown in representative images (left) and quantitative analysis demonstrating the average of three separate experiments (right). Data represent the mean ± standard 
deviation (n=5). **P,0.01.
Abbreviations: PD-L1, programmed death-ligand 1; PTEN, phosphatase and tensin homologue; p-Akt, phospho-Akt; PI3K, phosphatidylinositol 3-kinase; mTOR, mammalian 
target of rapamycin.

significantly higher than that in the control, which dem-

onstrates that the majority of CD8+T cells infiltrated into 

the pancreatic tumor in the model. Parsa et al17 reported 

that glioma cells with genetic deletions or mutations of 

PTEN had higher levels of PD-L1 protein expression and 

PI3K/Akt/mTOR pathway activity. Moreover, an in vitro 

study performed by Zhang et al38 demonstrated that PD-L1 

expression is regulated by PTEN via the PI3K/Akt/mTOR 

pathway, and that a loss of PTEN induced tumor cell pro-

liferation and invasion. These findings indicate that PTEN 

is a major regulator of downstream activation of the PI3K/

Akt/mTOR pathway.39

The PI3K/Akt/mTOR signaling pathway is an evolu-

tionarily conserved pathway that participates in a variety of 

physiological processes, including embryonic development, 

cell mitogenesis, and inflammatory reactions.40 The aberrant 

activation of this pathway, especially when measured by the 

loss of PTEN expression, leads to mutations in the PI3K 

enzyme, and thereby promotes carcinogenesis and tumor 

angiogenesis.41 PI3K phosphorylates phosphatidylinositol 
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Figure 5 Inhibitory effects of anti-PD-L1 antibody on the invasion behavior of pancreatic tumor and spontaneous liver metastasis.
Notes: The levels of MMP2 and MMP9 mRNA expression in pancreatic tumor tissue (A) and spontaneous liver metastasis tissue (B) were examined by RT-PCR. The levels 
of MMP2 and MMP9 protein expression in pancreatic tumor tissue (C) and spontaneous liver metastasis tissue (D) were examined by Western blotting. The results were 
shown in representative images (left) and quantitative analysis demonstrating the average of three separate experiments (right). Data represent the mean ± standard deviation 
(n=5). *P,0.05, **P,0.01.
Abbreviations: MMP2, Matrix metalloproteinases-2; MMP9, Matrix metalloproteinases-9; PD-L1, programmed death-ligand 1; RT-PCR, reverse transcription polymerase 
chain reaction.

3, 4, 5-triphosphate and then transmits signals from the cell 

surface into the cytoplasm to activate Akt. Akt modulates 

cell growth and protein synthesis via the phosphorylation 

of mTOR.42 To determine whether a PD-L1 blockade could 

effectively suppress pancreatic tumor invasion and metastasis 

in vivo, we examined the expression of various components 

involved in the PI3K/Akt/mTOR signaling pathway. These 

studies revealed that the levels of PTEN expression in pan-

creatic cancer and spontaneous liver metastasis tissue were 

significantly higher in the anti-PD-L1 treated group than in 

the control group, which further demonstrated that PD-L1 

expression in pancreatic cancer is correlated with PTEN loss 

in vivo. There were no significant differences in the levels of 

PI3K, Akt, and mTOR mRNA and protein expression in the 

anti-PD-L1 treated group when compared with the control 

group. However, the levels of p-Akt and p-mTOR protein 

expression in the anti-PD-L1 group were significantly lower 

than those in the control group. These results indicated that 

the PD-L1 blockade had inhibited the PI3K/Akt/mTOR sig-

naling pathway by causing an upregulation of PTEN expres-

sion and inhibiting Akt and mTOR phosphorylation.

Activation of the PI3K/Akt/mTOR signaling pathway 

is associated with a poor clinical prognosis.39 MMP2 and 

MMP9 are believed to be important facilitators of pancreatic 

cancer cell invasion and migration.43 Findings in recent 

studies suggest that MMP2 helps to regulate the inflammatory 

response, and MMP9 affects the angiogenesis process.31 Our 

results showed that the levels of MMP2 and MMP9 mRNA 

and protein expression were significantly decreased in both 

pancreatic cancer tissue and spontaneous liver metastases 

after treatment. These findings indicate that a PD-L1 blockade 

inhibits the PI3K/Akt/mTOR signaling pathway and thereby 

downregulates MMP2 and MMP9 expression and activity.

Conclusion
In this study, we showed that blockading PD-L1 prevented 

the loss of PTEN and affected the PI3K/Akt/mTOR signaling 

pathway in vivo. These mechanisms may contribute to the 

antitumor and antimetastasis effects of a PD-L1 blockade 

in cases of pancreatic cancer. We also demonstrated that a 

PD-L1 blockade could inhibit the progression of pancreatic 

cancer and its spontaneous liver metastasis by downregulat-

ing MMP2 and MMP9 expression and activity. The results of 

this in vivo study suggest that PD-L1 is a critical regulator of 

pancreatic tumor growth, invasion, and metastasis.
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Supplementary materials

Figure S1 Immunohistochemical score of PD-L1 expression in pancreatic tumor and spontaneous liver metastases.
Notes: (A–D) Images represent pancreatic tumors with IHC scores. (E–H) Images represent liver tumors with IHC scores. Scores are reported as follows: 0 (A, E) 
represents no staining, 1+(B, F) represents weak staining, 2+(C, G) represents moderate staining, and 3+(D, H) represents intense stainin. Images of A–H are ×400 
magnification.

Table S1 Primers sequence for reverse transcription polymerase 
chain reaction

IFN-γ-F GTTACTGCCACGGCACAGTCATTG
IFN-γ-R ACCATCCTTTTGCCAGTTCCTCCAG
Granzyme B-F CCTGAAGGAGGCTGTGAAAGAATC
Granzyme B-R CCCTGCACAAATCATGTTTAGTCC
Perforin-F CTGCCACTCGGTCAGAATG
Perforin-R CGGAGGGTAGTCACATCCAT

Abbreviations: IFN-γ, interferon- γ; F, Forward; R, Reverse.

Figure S2 ELISA analysis for the concentration of CA19-9 in serum after PANC 
02 cells injection.
Notes: The CA19-9 concentrations in serum after PANC 02 cells injection for 
7 days differed significantly from that of the normal level. Data represent the mean ± 
standard deviation (n=5). **P,0.01.
Abbreviations: CA19-9, carbohydrate antigen 19-9; PANC 02, pancreatic adeno
carcinoma cell line.

Table S2 Results of mean H score from three independent pathologists

Tumor tissue Control Anti-PD-L1

#1 #2 #3 #4 #5 #1 #2 #3 #4 #5

Pancreatic tumor EXP.1 250 189 204 235 267 76 101 89 123 67
EXP.2 265 243 189 173 – 132 108 65 89 34
EXP.3 213 209 198 89 179 89 79 68 134 76
P-valuea ,0.0001

Liver tumor EXP.1 209 167 195 132 89 112 54 98 45 76
EXP.2 198 138 119 165 72 76 32 128 21 19
EXP.3 190 218 210 276 – 24 29 73 18 59
P-valueb ,0.0001

Notes: aThe differences in H score between Control and Anti-PD-L1 groups in pancreatic tumors. bThe differences in H score between Control and Anti-PD-L1 groups in 
liver tumors. “–” denotes the mouse died before the end of the experiment.
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Figure S3 The mRNA expression of IFN-γ, granzyme B, and perforin in pancreatic tumor.
Notes: The expressions of IFN-γ, granzyme B, and perforin were significantly higher in the anti-PD-L1 group than in the controls. Data represent the mean ± standard 
deviation (n=5). **P,0.01.
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