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1  | INTRODUC TION

Programmed cell death 1 (PD- 1, also called CD279), a member of the 
immunoglobulin gene superfamily, is a key component of the classical 
type of programmed cell death.1 As an immune modulatory receptor, 
PD- 1 is expressed on activated T cells, B cells, monocytes, DCs, and nat-
ural killer T cells (NKT).2 Programmed death- ligand 1 (PD- L1, also called 
CD274 or B7- H1), a ligand of PD- 1, is a member of the B7 family and 
can be expressed on different types of cell including myeloid, epithelial, 

endothelial, and tumor cells.3,4 The interaction between PD- 1 and its 
ligand PD- L1 has been found to contribute to the negative regulation 
of T cell- activating signals, and in turn promote the immune escape of 
cancer cells and inhibit the anti- cancer reactivity of T cells.5 Therefore, 
it is logical that the PD- 1/PD- L1 pathway has been explored as a tar-
get for cancer immunotherapy. Indeed, suppression of the PD- 1/PD- L1 
pathway- based T cell activation strategy has demonstrated its highly 
promising efficacy on several types of cancer, especially melanoma, 
non- small- cell lung cancer, renal cell carcinoma, and bladder cancer.6- 8
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Abstract
Increasing bodies of evidence support the involvement of tumor- intrinsic action 
in PD- L1- mediated cancer progression. However, the mechanisms underlying the 
tumor- intrinsic function of PD- L1 are less well understood. In the present study, we 
found a positive correlation between PD- L1 expression and MET phosphorylation 
in lung cancer and melanoma cell lines. PD- L1 inhibition led to a decrease in MET 
phosphorylation, while PD- L1 induction by IFN- γ resulted in a PD- L1- dependent in-
crease of MET phosphorylation both in vitro and in vivo. The results indicated that 
MET phosphorylation can be positively regulated by PD- L1. Furthermore, we identi-
fied PTP1B as a mediator contributing to the regulation of MET phosphorylation by 
PD- L1. In agreement with the induction of MET phosphorylation by PD- L1, inhibition 
of PD- L1 caused reduced phosphorylation of ERKs, a known downstream kinase of 
MET, and inhibited cell proliferation. Collectively, the present study demonstrated 
for the first time that the MET pathway, as a downstream of PD- L1, contributed to its 
tumor- intrinsic effect, and provided a novel mechanistic explanation for the tumor- 
intrinsic function of PD- L1 and a rationale for the combination of immunotherapy 
and MET- targeted therapy in cancer treatment.
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Although, extensively, studies have focused on the role of PD- L1 
in regulation of T cell activity, increasing attention is being paid to 
investigations of immune- independent functions of PD- L1.9- 11 For 
example, Clark et al11 demonstrated the tumor- intrinsic functions of 
PD- L1 in regulating tumor cell proliferation, apoptosis, and autoph-
agy. In line with this study, PD- L1 was also found to be involved in 
tumor chemoresistance and glucose metabolism dysregulation by 
modulation of cell- intrinsic signals in tumor cells.12- 15

The contribution of PD- L1 tumor- intrinsic function to can-
cer development is becoming recognized, but the mechanisms in-
volved in the PD- L1- mediated tumor- intrinsic effect on cancer are 
less well understood. In the present study, we aimed to investigate 
downstream targets of PD- L1 that trigger tumor- intrinsic signals. 
The results demonstrated that PD- L1- PTP1B- MET as a novel signal 
transduction pathway contributed to the tumor- intrinsic function of 
PD- L1.

2  | MATERIAL S AND METHODS

2.1 | Chemicals and reagents

PTP1B inhibitor and MET inhibitor were purchased from Sigma- 
Aldrich (St. Louis, MO, USA). Recombinant human hepatocyte 
growth factor protein, recombinant mouse interferon- gamma, re-
combinant human PD- 1, and recombinant human interferon- gamma 
(IFN- γ) were purchased from MedChemExpress. Antibodies specific 
for PD- L1 (human), p- MET, MET, and ERK1/2 were purchased from 
Cell Signaling Technology. Antibodies specific for PD- L1 (mouse), 
PTP1B, and ubiquitin were purchased from Abcam. Antibody for β- 
actin was purchased from MBL International Corporation. Secondary 
antibody specific for rabbit was purchased from MBL International 
Corporation.

2.2 | Cell culture and treatments

Lung cancer cell lines including HCC827, A549, H2228, PC9, 
LLC, human normal lung fibroblast cell MRC- 5, melanoma cell 
lines A375, A431, SK- MEL- 5 and SK- MEL- 28, prostate cancer cell 
DU145, and human epidermal keratinocyte HaCat were used in 
this study. A549, HCC827, H2228, LLC, A375, A431, Du145, 
HaCat, and MRC- 5 originated from the American Type Culture 
Collection (ATCC, Manassas, VA, USA). PC9, SK- MEL- 5, and SK- 
MEL- 28 cell lines were kindly provided by Dr. Feng Zhu (Huazhong 
University of Science and Technology, Wuhan, China). HCC827, 
A549, H2228, PC9, and DU145 cells were grown in RPMI 1640 
medium supplemented with 10% fetal bovine serum without 
antibiotics. LLC, HaCat, A375, and A431 were grown in DMEM 
supplemented with 10% fetal bovine serum without antibiot-
ics. MRC- 5, SK- MEL- 5, and SK- MEL- 28 were grown in Minimum 
Essential Medium (MEM) supplemented with 10% fetal bovine 
serum without antibiotics.

2.3 | Western blotting

Cells or tumor tissues were lysed with ice- cold RIPA buffer with 
protease inhibitor and phosphatase inhibitor (Sigma- Aldrich). 
The protein concentration was determined with the BCA Protein 
Quantitation Analysis Kit (Solarbio Life Science). Equal amounts of 
proteins of the samples were loaded onto gels. After electrophoretic 
separation, proteins were transferred to a nitrocellulose membrane 
(0.2 μm). After incubation in blocking buffer (5% non- fat milk in PBS), 
the membrane was subsequently probed with specific antibodies 
to perform immunoblot analyses. The immunoreacted bands were 
visualized by enhanced chemiluminescence (ECL; Fisher/Pierce) and 
recorded on X- ray film. Bands were quantified using ImageJ software 
(v.1.46; NIH, Bethesda, MD) and normalized to actin.

2.4 | Cell cycle analysis

Cell cycle distribution was analyzed by measuring the amount of propid-
ium iodide (PI)- labeled DNA in ethanol- fixed cells. The fixed cells were 
washed with PBS and stored at −20°C until analysis by flow cytometry. 
On the day of analysis, the cells were washed with cold PBS, suspended 
in 100 μL of PBS plus 10 μL of RNase A (250 μg/mL) and incubated for 
30 min. A total of 110 μL of PI stain (100 μg/mL) was added to each tube 
and tubes were incubated at 4°C for at least 30 min prior to analysis.

2.5 | RNA interference

PD- L1 siRNA and non- targeting siRNA were obtained from Thermo 
Fisher Scientific. To knockdown PD- L1, 5, 10, or 20 nmol/L of 
PD- L1 siRNA was transfected into the cells using the INTERFERin 
siRNA transfection reagent (Polyplus- Transfection, Illkirch, France) 
in accordance with the manufacturer's instructions. At 48 h post- 
transfection, the cells were used for subsequent experiments.

2.6 | Analysis of MET phosphorylation by 
flow cytometry

Next, 4% formaldehyde- fixed cells were permeabilized with metha-
nol. The dissociated cells were labeled with primary antibody and 
fluorochrome- conjugated secondary antibody and were analyzed 
by flow cytometry (BD FACSCalibur). The data were analyzed using 
Summit Software v5.0 (Beckman Coulter). The “% of mean fluores-
cence intensity (MFI) of control” were calculated using the MFI of 
the PD- L1 siRNA group and the control siRNA group.

2.7 | Mouse xenograft model of LLC

Animal care and procedures were approved by the Institutional 
Animal Care and Use Committee. In total, 5 × 106 LLC cells were 
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mixed with Matrigel (50%) (Corning) and injected subcutaneous (sc) 
into the right flank of 6-  to 7- wk- old male C57/6N mice (Charles 
River Laboratories, Beijing, China). After 7 d, the animals with can-
cer xenografts were divided randomly into treatment group and 
control group. Recombinant mouse interferon- gamma (IFN- γ) was 
administered by ip injection at doses of 25 μg/kg/d for 6 d. At the 
termination of the experiments, the animals were euthanized and 
the xenografts tumors were collected. A portion of the tumors from 
control and treated animals was used for preparation of tumor lysate 
and used in further analysis.

2.8 | Real- time quantitative polymerase chain 
reaction (real- time PCR)

PTP1B mRNA expression was measured by real- time PCR. Total 
RNA was extracted from cell samples using TRIzol reagent (Thermo 
Fisher Scientific Inc) and real- time PCR was performed on an iCy-
cler iQ5 system (Bio- Rad Laboratories Inc), as reported in a previous 
study.16 Data normalization was accomplished using the endog-
enous reference GAPDH. Gene expression levels were analyzed by 
relative quantification using a standard curve method. Sequences 
of the primers were: GAPDH: F: GAAGGTCGGAGTCAACGGATT; 
R: CGCTCCTGGAAGATGGTAAT; and PTP1B: F: ATCCTGGAGCC  
ACACAATGG; R: AACTCAGTGCATGGTCCTCG.

2.9 | Cell migration assay

The migration ability of cells was measured by the wound- healing assay, 
as described previously.17 Cells (4 × 105 cells/2 mL) were seeded into 
a 6- well plate and incubated at 37°C. confluent cells were scratched 
with a 200 μL tip, followed by washing with PBS, and then treated as 
indicated. After 48 h, cells were fixed and stained with crystal violet, 
and fields chosen at random were photographed under a microscope.

2.10 | Statistical analysis

Data are presented as mean ± SD. Statistical comparisons were per-
formed by one- way ANOVA followed by Tukey's post hoc test using 
SPSS v.19.0. Graphs were drawn using GraphPad Prism software 
(v.6.0 for MacOS).

3  | RESULTS

3.1 | PD- L1 expression is positively associated with 
levels of MET phosphorylation on tyr1234/5 in lung 
cancer and melanoma cell lines

MET is an oncogenic receptor tyrosine kinase and its phosphoryla-
tion on Tyr1234/5 is required for its kinase activation.18 To determine 

the relationship between PD- L1 expression and MET phosphorylation 
(activation), we analyzed PD- L1 expression and MET phosphorylation 
on Tyr1234/5 in melanoma and lung cancer cells, as the role of PD- L1 
in these 2 types of cancer is now being actively investigated. As shown 
in Figure 1A,C, the order for PD- L1 expression in lung cancer cells was 
the following: HCC827, H2228, PC- 9, and A549, which was well corre-
lated with levels of MET phosphorylation on Tyr1234/5 in these cells. 
In agreement with that found in lung cancer cells, a positive correlation 
between PD- L1 expression and phospho- MET was also observed in 
melanoma cells (Figure 1B,D). The results indicated that a positive cor-
relation between PD- L1 protein levels and phosphorylation of MET on 
Tyr1234/5 existed in the cell lines tested.

3.2 | Silencing of PD- L1 decreases 
phosphorylation of MET Tyr1234/5

Having established the correlation between PD- L1 expression and 
MET phosphorylation, we next asked whether MET phosphoryla-
tion could be regulated by PD- L1. An RNAi approach was employed 
to manipulate PD- L1 expression, and western blot analysis was used 
to measure knocking- down efficiency. As shown in Figure 2A,B, PD- 
L1 siRNA at concentration of 5- 20 nmol/L caused a concentration- 
dependent reduction of its protein level in A375 cells. Interestingly, 
downregulation of PD- L1 by its siRNA led to decreased MET phos-
phorylation in a same manner, with changes in PD- L1 expression. 
Furthermore, similar results were also found in A431 and HCC827 
cells (Figure 2C- F). In addition, these western blot analysis results 
were further validated by flow cytometry, as described in Materials 
and Methods. As shown in Supplementary Figure S1, when PD- L1 
was silenced by its siRNA, the intensity of fluorescence (represent-
ing MET phosphorylation) was significantly decreased compared 
with the non- targeting siRNA. Taken together, these data sug-
gested that PD- L1 played a role in regulating MET phosphorylation 
in these cancer cells. To investigate whether the decreased MET 
phosphorylation by PD- L1 inhibition was due to decrease of total 
MET protein level, we analyzed the changes in total MET protein in 
response to silencing of PD- L1. As shown in Figure 2A- F, no changes 
in the total level of MET were found in A431 and HCC827 cells, 
while a modest reduction of total MET was observed in A375 cells. 
These results suggested a different mechanism of regulation for 
MET phosphorylation by PD- L1, without changing the total MET 
protein level. To determine whether PD- L1 inhibition could affect 
hepatocyte growth factor (HGF)- induced MET phosphorylation, we 
analyzed the changes in MET phosphorylation in the presence of 
HGF under conditions of PD- L1 silencing. As shown in Figure 2G, 
HGF- induced MET phosphorylation was obviously suppressed by 
PD- L1 inhibition. To know whether PD- L1 inhibition by its anti-
body could influence PD- L1- mediated tumor- intrinsic signaling, we 
analyzed the changes in MET phosphorylation in the presence of 
PD- L1 antibody. As shown in Figure 2H, MET phosphorylation was 
not affected by PD- L1 antibody. We speculated that PD- L1 anti-
body might only influence the interaction between PD- L1 and PD- 1, 
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and could not interrupt PD- L1- mediated tumor- intrinsic signaling. 
Moreover, we further investigated the effect of PD- 1 recombinant 
protein on MET activation. As shown in Figure 2I,J, consistent with 
the results generated with the PD- L1 antibody, PD- L1 binding to 
PD- 1 did not affect MET phosphorylation.

3.3 | IFN- γ- induced PD- L1 expression promotes 
MET phosphorylation on Tyr1234/5 in vitro and 
in vivo

It has been shown that IFN- γ can induce expression of PD- L1 through 
the JAK/STAT pathway.19 The above results showed that PD- L1 

reduction led to decreased MET phosphorylation, we therefore 
hypothesized that PD- L1 induction by IFN- γ could cause increased 
MET phosphorylation. A375 cells were treated with various concen-
trations of IFN- γ for the times indicated, and changes in MET phos-
phorylation were measured using western blot analysis. As shown 
in Figure 3A, PD- L1 expression was expected to be upregulated by 
IFN- γ in a concentration- dependent manner, while increased MET 
phosphorylation was detected in a parallel manner. To determine 
the generality of this result, 2 additional cell lines HCC827 and LLC 
were tested and the results showed that IFN- γ- induced MET phos-
phorylation was also observed in these 2 cell lines (Figures 3B and 
S2A). To critically examine the role of PD- L1 upregulation in IFN- 
γ- induced MET phosphorylation, we assessed the changes in MET 

F I G U R E  1   A positive correlation between PD- L1 expression and MET phosphorylation in lung cancer cells (A) and melanoma cells (B), 
analyzed by western blot. Pearson correlation between PD- L1 expression and MET phosphorylation in lung cancer cells (C) and melanoma 
cells (D) analyzed. Bands were quantified using ImageJ software and quantitative data are presented as mean ± SD based on 3 biological 
replicates
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phosphorylation induction by IFN- γ when PD- L1 was inhibited by 
RNAi. As shown in Figures 3C- E and S2B, IFN- γ- induced MET phos-
phorylation was almost abolished under the conditions for silencing 
PD- L1 in all 4 cell lines tested. These results clearly suggested that 
PD- L1 induction contributed to IFN- γ- induced MET phosphoryla-
tion in these cells. Next, we tested whether IFN- γ- PD- L1- induced 
MET phosphorylation can be achieved in vivo. C57/6N mice bearing 
LLC xenografts were treated with IFN- γ at concentration of 25 μg/
kg body weight (BW) for 6 d, and changes in PD- L1 expression and 
MET phosphorylation in tumor samples were analyzed by western 
blot; results are shown in Figure S2C. Consistent with the findings 
in the cell culture model, the induction of PD- L1 by IFN- γ was ob-
served in the tumor samples, and was accompanied by an increase in 
MET phosphorylation. We also performed an experiment to assess 
the effect of MET inhibitor on IFN- γ- PD- L1- MET- mediated cell pro-
liferation, and the results are shown in Figure S3. The data showed 

that MET inhibitor can inhibit MET activation- mediated cell prolif-
eration under “IFN- γ plus MET inhibitor” conditions; similar results 
were also found under conditions of IFN- γ plus siPD- L1. However, 
MET inhibition failed to produce a further inhibitory effect under 
the “IFN- γ plus siPD- L1 plus MET inhibitor” conditions. Collectively, 
these results suggested that upregulation of PD- L1 by IFN- γ was 
able to promote MET phosphorylation, which in turn facilitated cell 
proliferation.

3.4 | PD- L1 regulates MET phosphorylation 
through PTP1B

It has been shown that PTP1B is a negative regulator of the major 
autophosphorylation sites of the MET receptor catalytic domain 
(Tyr- 1234/1235).20,21 To decipher the mechanisms involved in 

F I G U R E  2   Inhibition of PD- L1 decreases phosphorylation of MET Tyr1234/5. A- F, Cells were transfected with various concentrations 
of PD- L1- siRNA or control siRNA for 48 h, and western blot was used to analyze the knockdown efficiency and changes in MET 
phosphorylation in A375 (A, B), A431 (C, D), and HCC827 (E, F). G, Effect of PD- L1 inhibition on HGF- induced MET phosphorylation. Cells 
were treated with 40 μg/mL HGF for 30 min after the cells were transfected with PD- L1 siRNA, and the changes in MET phosphorylation 
were analyzed by western blot. H, Effects of PD- L1 inhibition by PD- L1 antibody on MET activation. Cells were treated with 40 μg/
mL PD- L1 antibody for 48 h, and changes in MET phosphorylation were analyzed by western blot. I, Effects of PD- L1 inhibition by PD- 1 
recombinant protein on MET activation. Cells were treated with 40- 1000 ng/mL PD- 1 recombinant protein for 36 h, and the changes in MET 
phosphorylation were analyzed by western blot. J, Effects of PD- L1 inhibition by PD- 1 recombinant protein on MET activation. Cells were 
treated with 1000 ng/mL PD- 1 recombinant protein for 12, 24, and 36 h, and changes in MET phosphorylation were analyzed by western 
blot. Bands were quantified using ImageJ software and quantitative data are presented as mean ± SD based on 3 biological replicates
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PD- L1- mediated MET phosphorylation, we investigated the con-
tribution of PTP1B in this event. Firstly, we assessed the influ-
ence of PD- L1 manipulation on PTP1B expression. As shown in 
Figure 4A,B, knockdown of PD- L1 caused the upregulation of 
PTP1B expression in both A431 melanoma and HCC827 lung 
cancer cells. In agreement with PTP1B induction, PTP1B/MET as-
sociation was elevated when PD- L1 was silenced (Figure 4C). To 
further confirm the contribution of PTP1B, we evaluated the ef-
fect of PTP1B inhibitor on PD- L1- mediated MET phosphorylation. 
As shown in Figure 4D, MET phosphorylation reduction by PD- L1 
inhibition was significantly attenuated in the present of PTP1B in-
hibitor, indicating the involvement of PTP1B in the regulation of 

MET phosphorylation by PD- L1. In addition, we measured the in-
fluence of PD- L1 on PTP1B mRNA expression to investigate the 
contribution of the transcriptional mechanism on the regulation of 
PTP1B by PD- L1. As shown in Figure 4E, no obvious changes of 
PTP1B mRNA levels were found when PD- L1 was silenced, sug-
gesting that PD- L1 regulated PTP1B expression through a post- 
transcriptional mechanism. To support this notion, we evaluated 
the changes in PTP1B ubiquitination level in response to PD- L1 
knockdown. As shown in Figure 4F, PD- L1 inhibition led to a re-
duction in PTP1B ubiquitination. Taken together, these results 
suggested that PD- L1 positively regulated MET phosphorylation, 
possibly by promoting PTP1B degradation.

F I G U R E  3   IFN- γ- induced PD- L1 expression promotes MET phosphorylation. A, B, The cells were treated with various concentrations 
of IFN- γ for 36 h, and PD- L1 expression and MET phosphorylation were measured by western blot. A375 (A), HCC827 (B). C- E, Effect of 
PD- L1 inhibition on IFN- γ- induced MET phosphorylation in A375 (C), HCC827 (D) and A431 (E). Cells were treated with 40 μg/mL IFN- γ 
after the cells were transfected with either PD- L1 siRNA or control siRNA for 48 h, and the changes of MET phosphorylation were analyzed 
by western blot. Bands were quantified using ImageJ software and quantitative data are presented as mean ± SD based on 3 biological 
replicates
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3.5 | Effect of PD- L1 inhibition on cell 
proliferation and MET- related signaling

ERKs are the key downstream molecules of MET to mediate cell 
proliferation and survival.22 We next examined the effect of knock-
down PD- L1 on ERK phosphorylation, and the results are shown in 
Figure 5A. As expected, silencing of PD- L1 caused a concentration- 
dependent decrease of ERK phosphorylation in A375 cells that was 
well correlated with the changes in MET phosphorylation. We next 
measured the influence of PD- L1 inhibition on cell viability and the 
cell cycle, and the results are shown in Figure 5B- E. In line with the 
inhibition of the MET- ERKs axis, downregulation of PD- L1 led to a 
reduced cell viability and G1 cell cycle arrest. In addition, we per-
formed a wound- healing assay to evaluate the effect of PD- L1 si-
lencing on cell migration; the results showed that PD- L1 inhibition 
resulted in a significant reduction in A375 cell migration (Figure 5F). 
These results indicated that the promoting effect of PD- L1 on can-
cer cell proliferation was likely to be attributed to the activation of 
the MET- ERKs axis.

4  | DISCUSSION

A growing body of evidence indicates that PD- L1 promotes can-
cer development by either suppression of T cell function or by an 
immune- independent mechanism. The PD- L1- mediated tumor- 
intrinsic effect has been gradually established, however the mech-
anisms by which PD- L1 regulates tumor- intrinsic signals remain 
largely unknown. In the present study, we identified MET receptor 
kinase as a downstream target of PD- L1 to activate oncogenic sign-
aling in cancer cells, and provided a novel mechanistic explanation 
for the tumor- intrinsic function of PD- L1.

MET tyrosine kinase, the receptor for hepatocyte growth fac-
tor/scatter factor (HGF/SF), is a transmembrane receptor with au-
tonomic phosphorylation activity.23 Aberrant activation of the MET 
pathway has been found in many types of cancer and it is confirmed 
to be associated with disease progression, metastasis, and drug re-
sistance.18,24,25 Therefore, the HGF/MET axis is considered to be 
a reasonable target for molecularly targeted cancer therapy.26,27 
Targeting MET has indeed achieved promising efficacy in pre- clinical/

F I G U R E  4   PD- L1 regulates MET phosphorylation through PTP1B. A, B, Influence of PD- L1 manipulation on PTP1B expression in 
A431 and HCC827. Cells were transfected with various concentrations of PD- L1- siRNA or control siRNA for 48 h, and western blot was 
used to analyze the changes of PD- L1 and PTP1B expression in A431 (A) and HCC827 (B). C, Immunoprecipitation analysis of influence of 
PD- L1 inhibition on PTP1B/MET association in A431. D, Effect of PTP1B inhibitor on PD- L1- mediated MET phosphorylation in A431. E, 
Influence of PD- L1 inhibition on PTP1B mRNA expression in A431. F, Immunoprecipitation analysis of effect of PD- L1 inhibition on PTP1B 
ubiquitination in A431. Quantitative data are presented as mean ± SD based on 3 biological replicates
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clinical studies. Regarding the relationship between MET and PD- 
L1, a recent study by Li et al28 demonstrated that the levels of MET 
were inversely correlated with PD- L1 in HCC samples. Furthermore, 
they found that GSK3B could be phosphorylated and activated by 
MET, which in turn resulted in a reduction in PD- L1 expression. In 
contrast, several other studies have shown that MET was positively 
correlated with PD- L1 expression in both lung cancer and colorectal 
tumor samples, and MET inhibition led to the suppression of PD- 
L1.29 These paradoxical findings might be associated with types of 
cancer. Nevertheless, these studies supported the finding that MET 
plays an important role in the regulation of PD- L1 expression, how-
ever it is not clear if PD- L1 can exert its tumor- intrinsic effect by 
regulating MET activity. In the present study, we first observed in 
several types of cancer cells that PD- L1 expression was positively 
correlated with MET phosphorylation. Inhibition of PD- L1 led to a 
reduced MET phosphorylation, whereas upregulation of PD- L1 by 
IFN- γ caused increased MET phosphorylation both in vitro and in 
vivo. Furthermore, IFN- γ- induced MET phosphorylation was inhib-
ited when PD- L1 was silenced. In addition, phosphorylation of ERKs, 
a key downstream target of MET, was also decreased under the con-
ditions of PD- L1 inhibition. Together, these data strongly indicated 
that PD- L1 positively regulated MET phosphorylation (activation). 

Given the oncogenic function of MET, the activation of MET by PD- 
L1 might represent a novel signal transduction pathway that contrib-
uted to its tumor- intrinsic activity.

Recently, a paradoxical phenomenon, termed HPD, in response 
to treatment with either PD- 1 or PD- L1 inhibitors, has been re-
ported.30 This paradoxical phenomenon was characterized by pro-
motion, rather than suppression, of tumor growth upon treatment 
with immune- checkpoint inhibitors. The purposed mechanisms in-
cluded: (i) both PD- 1 and PD- L1 inhibitors could cause the activa-
tion of certain types of T suppressor cells; (ii) these inhibitors may 
also inhibit the activity of specific T cell subsets; an (iii) the anti-
body- Fc/FcR interaction- mediated activation of tumor- associated 
macrophages.31 It has been shown that treatment with immune- 
checkpoint inhibitors causes increase in IFN- γ release, which in turn 
led to an induction in PD- L1.32 Based on the findings of the present 
study, we speculated that IFN- γ- PD- L1- mediated activation of MET 
may serve as an additional mechanism, contributing to this paradox-
ical phenomenon induced by immune- checkpoint inhibition. The 
findings also provided a rationale for combining immunotherapy and 
MET- targeted therapy in cancer treatment.

PTPs play an important role in regulating phosphorylation of 
receptor tyrosine kinases.33,34 We therefore hypothesized that 

F I G U R E  5   Effect of PD- L1 inhibition on cell proliferation and MET- related signaling in A375 cells. A, Effect of PD- L1 knockdown on 
ERKs phosphorylation. B- E, Influence of PD- L1 inhibition on cell viability (B, C) and cell cycle distribution (D, E). F, Effect of PD- L1 inhibition 
on A375 cell migration. Quantitative data are presented as mean ± SD based on 3 biological replicates. *P < .05 compared with the 
corresponding control group
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the regulation of MET phosphorylation by PD- L1 might be as-
sociated with PTPs. Our data showed that downregulation of 
PD- L1 by the knocking- down approach led to increased PTP1B 
expression, whereas inactivation of PTP1B by its inhibitor re-
sulted in the attenuation of MET phosphorylation reduction 
by PD- L1. These results clearly supported the involvement of 
PTP1B in PD- L1- induced MET phosphorylation, and provided a 
mechanistic interpretation for the regulation of MET phosphor-
ylation by PD- L1.

In summary, phosphorylation of oncogenic MET receptor tyro-
sine kinase can be positively regulated by PD- L1 through PTP1B in 
tumor cells (Figure 6). The findings of the present study have uncov-
ered a novel signal transduction pathway involved in PD- L1- induced 
tumor- intrinsic effects.
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