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Background: Transforming growth factor-β1 (TGF-β1) is the predominant form of TGF-β and induces 
epithelial-to-mesenchymal transition (EMT) in melanoma. Tumor cell-intrinsic programmed death ligand-1 
(PD-L1) plays a crucial role in maintenance of the EMT in melanoma. However, the relationship among 
tumor cell-intrinsic PD-L1, TGF-β1 and EMT is very complicated. 
Methods: We investigated the bidirectional regulation between cell-intrinsic PD-L1 and TGF-β1 in 
melanoma, and explored the role of PD-L1 in TGF-β1-induced EMT and tumor progression. 
Results: We found that TGF-β1 upregulated PD-L1 expression in B16-F0 and B16-F10 melanoma cells. 
Interestingly, PD-L1 also enhanced the intracellular TGF-β1 mRNA levels and induced the secretion of 
TGF-β1. Immunohistochemical staining revealed that PD-L1 protein expression was co-localized with 
α-smooth muscle actin (SMA) protein expression in melanoma, suggesting that PD-L1 was associated with 
EMT. By using shRNA lentivirus to knockdown PD-L1 (PD-L1-shRNA) in melanoma cell lines, we showed 
that TGF-β1-induced EMT was significantly inhibited in PD-L1-shRNA melanoma cells, which was 
characterized by the lower fibronectin (FN1) mRNA and higher E-cadherin (CDH1) mRNA levels (both 
are EMT markers) than that in control. TGF-β1-induced melanoma cell proliferation and migration were 
also markedly inhibited in PD-L1-shRNA cells. Consistent with the observation in vitro, PD-L1 knockdown 
inhibited tumor growth and repressed TGF-β1-induced EMT characterized by reduction of FN1 and 
increase of CDH1 in mouse model. 
Conclusions: The present study demonstrated a bidirectional regulation between cell-intrinsic PD-L1 
and TGF-β1 in melanoma, which may help in designing promising combinations which include targeting 
TGF-β1 signaling along with PD-L1. 
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Introduction

Melanoma is a potentially growing public health problem 
across the world with a continuing increase in incidence 
and mortality rates. However, the current promising 
immunotherapy strategy anti-programmed death receptor-1 
(PD-1)/PD ligand-1 (PD-L1) antibodies, which interrupts 
the interaction between immune checkpoints expressed 
on tumor and immune cells, showed response rates in the 
range of only 30–40% (1-3). Moreover, emerging evidence 
shows that tumor cell-intrinsic PD-L1 promotes tumor cell 
proliferation, facilitates self-renewal of cancer stem cells 
in an immune-independent way in melanoma, and PD-
L1 signaling also played a crucial role in maintenance of 
the epithelial-to-mesenchymal transition (EMT) in various 
cancers (4-7), which suggested that tumor cell-intrinsic PD-
L1 signaling needed to be further explored. 

The previous researches documented that increased 
transforming growth factor-β (TGF-β) signaling in the 
tumor microenvironment (TME) was correlated with 
poor overall survival and resistance to inhibition of PD-1/
PD-L1 (8-10). With regard to the multi-functions of 
TGF-β, high-quality review articles have been published 
(11,12). For short, TGF-β signaling pathway promotes 
tumor progression, favors EMT, suppresses the sensitivity 
to anticancer drugs, represses the anti-tumor functions 
of various immune cells and limits the efficacy of 
immunotherapeutic approaches. Theoretically, three 
highly homologous TGF-β isoforms exist in mammals: 
TGF-β1, TGF-β2 and TGF-β3. Among them, TGF-β1 
is the predominant form of TGF-β in the TME. TGF-β1 
blockade can act as a monotherapy through a tumor-intrinsic 
effect blocking the EMT-like transition (13). Nevertheless, 
clinical studies with anti-TGF-β agents have led to limited 
success (13-15). To address this issue, bifunctional anti-
PD-L1/TGF-β trap fusion protein (bintrafusp alfa, also 
referred as M7824) has been innovatively developed and 
has shown a promising antitumor efficacy in patients with 
heavily pretreated advanced solid tumors with a manageable 
safety profile similar to anti-PD-1/PD-L1 monotherapies 
(13,16,17).

Although there still lacked clinical trial data of M7824 
in patients with melanoma, TGF-β1 gene signatures were 
indeed found to be associated with resistance to PD-1/
PD-L1 blockade in melanoma patients (13). However, 
more explicit interaction between PD-L1 and TGF-β1 in 
melanoma is still unknown, which is vital for the future 

research of bintrafusp alfa in the utilization on melanoma 
patients. In the present study, we explored the relationship 
between tumor cell-intrinsic PD-L1 and TGF-β1 in 
melanoma and found that (I) there existed a bidirectional 
regulation between the melanoma surface expression of 
PD-L1 and the secretion of melanoma-derived TGF-β1, 
(II) PD-L1 promoted the TGF-β-induced EMT and 
progression both in vitro and in an animal model. We 
present the following article in accordance with the 
ARRIVE reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-22-292/rc). 

Methods

Cell lines and cell culture 

The mouse melanoma cell line B16-F0 was obtained from 
Zhong Qiao Xin Zhou Biotechnology Co., Ltd. (catalog 
ZQ0506, Shanghai, China). B16-F10 melanoma cell line 
was donated by the Cancer Center of Union Hospital, 
Tongji Medical College, Huazhong University of Science 
and Technology, Wuhan, China. Cells were cultured in 
RPMI-1640 (Gibco, USA) containing 10% fetal bovine 
serum (FBS) (NQBB, China), 100 U/mL penicillin and 
100 μg/mL streptomycin (Biosharp, China) at 37 ℃ in 
95% humidity and 5% CO2. Recombinant Mouse TGF-β1 
(catalog 7666-MB, R&D Systems, USA, 5 ng/mL), TGF-β1 
inhibitor SB431542 (catalog 1614, Tocris Bioscience, USA, 
10 Um) and purified anti-mouse CD274 (catalog 124302, 
BioLegend, USA, 5 μg/mL) was added in the corresponding 
groups.

Flow cytometry

The PE Rat Anti-mouse CD274 antibody was purchased 
from BD Pharmingen (catalog 558091, BD Bioscience, 
USA) and used for the flow cytometry analysis. Cells were 
treated with 48 hours of Recombinant Mouse TGF-β1 
(catalog 7666-MB, R&D Systems, USA, 5 ng/mL), TGF-β1 
inhibitor SB431542 (catalog 1614, Tocris Bioscience,  
10 Um), or dimethylsulfoxide (DMSO) (10 Um) as control 
respectively. Then cells were centrifuged after 1–2 minutes 
of 0.25% trypsin digestion (catalog G4002, Servicebio, 
China), resuspended in ×1 phosphate buffered saline (PBS), 
incubated with CD274 antibody at 4 ℃ for 30 minutes. The 
cells were then washed and resuspended in PBS. All flow 
cytometry analysis were performed on BD LSRFortessaTM 
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X-20, and the data were analyzed using FlowJo software.

Real-time quantitative polymerase chain reaction (RT-
qPCR)

The total RNA was extracted using TRIzol (TaKaRa, China) 
according to the standard procedures. The RNA was used 
as template for reverse transcription to synthesize cDNA 
using HiScript III RT SuperMix reagent (Vazyme, China). 
The RT-qPCR was performed according to the following 
conditions using the AceQ qPCR SYBR Green Master 
Mix (Vazyme, China): initial denaturation at 95 ℃ for  
5 minutes, followed by 40 cycles at 95 ℃ for 10 seconds and 
60 ℃ for 30 seconds, finally at 95 ℃ for 15 seconds, 60 ℃ 
for 60 seconds and 95 ℃ for 15 seconds. The PCR reaction 
was monitored on ABI StepOneplusTM Real Time PCR 
System (ThermoFisher, USA). The GAPDH gene was used 
as internal reference to normalize the results and mRNA 
expression was calculated through relative quantification 
(2−ΔΔCT). The primer sequences were designed using 
Primer-BLAST. The primer sequences were as follows: 
GAPDH, forward 5'-GAGAAGGCTGGGGCTCATTT, 
reverse 5'-AGTGATGGCATGGACTGTGG. PD-
L1, forward 5'-CAGCAACTTCAGGGGGAGAG, 
reverse 5'-TTTGCGGTATGGGGCATTGA. TGF-β1, 
forward 5'-AGCTGCGCTTGCAGAGATTA, reverse 
5'-AGCCCTGTATTCCGTCTCCT. E-Cadherin 
(CDH1), forward 5'-AACCCAAGCACGTATCAGGG, 
reverse 5'-ACTGCTGGTCAGGATCGTTG. Fibronectin 
1 (FN1), forward 5'-ATGAGAAGCCTGGATCCCCT, 
reverse 5'-CAGTTGGGGAAGCTCATCTGT.

Enzyme-linked immunosorbent assay (ELISA)

The concentration of TGF-β1 in cell culture supernatant 
and tissue homogenates were detected by double antibody 
sandwich ELISA method with the Mouse/Rat/Porcine/
Canine TGF-β1 Valukine ELISA Kit (catalog VAL611, 
Bio-Techne, China). The anti-mouse TGF-β1 monoclonal 
antibody has been precoated and fixed on the microplate. 
The unbound substances were washed. The anti-mouse 
TGF-β1 polyantibody labeled with horseradish peroxidase 
was added, and the unbound antibody-enzyme was washed. 
The substrate solution (chromogenic agent) was added to 
the wells and the depth of the solution color was positively 
correlated with the concentration of TGF-β1 in the 
sample. Finally, the terminating solution was added and the 
absorbance was determined by enzyme labeling instrument.

Cell transduction assays

The B16-F0 and B16-F10 cells were infected with shRNA 
lentiviruses encoding mouse PD-L1 (PD-L1-shRNA) or 
meaningless negative control sequence (NC-shRNA) as 
control coupled with green fluorescent protein (GFP), 
respectively; 2×104 cells were seeded into each well of a 
12-well plate on the day before lentiviruses transduction. 
The ratio of virus to cell number, namely the multiplicity 
of infection (MOI), was 40. After 24 hours of infection, 
the culture medium was removed and replaced with fresh 
medium for 36 hours. The cells were screened with RPMI-
1640 medium containing 3 μg/mL puromycin. The GFP+ 
cells were observed under a fluorescence microscope and 
the efficiency of lentivirus infection was calculated.

Cell proliferation assay

Cell proliferation was measured by cell counting kit-8 
(CCK-8, Biosharp, China); 2×103 cells were inoculated 
in 96-well plate at a 100 μL volume of each well. After  
48 hours, 10 μL CCK-8 solution was added to each well 
and incubated for 2 hours. The absorbance was assessed at 
450 nm by enzyme labeling instrument.

In vitro scratch assay

For scratch assays, 5×105 cells were suspended in RPMI-
1640 containing 10% heat-inactivated FBS and plated in 
6-well plates. After 24 hours, a scratch wound was made 
using sterile pipet tips across each well. Cultures were 
gently washed with PBS to remove loose cells. The cells 
were then maintained in RPMI-1640 containing 0.1% 
FBS with or without recombinant mouse TGF-β1 (catalog 
7666-MB, R&D Systems, USA) at the concentration of  
5 ng/mL for 24 hours. Immediately after the scratch, images 
of the scraped area were captured using phase contrast 
microscopy. The scratch width at six different points per 
image were measured. 

Animals and tumor model

PD-L1-shRNA and NC-shRNA melanoma cells (B16-F0 
and B16-F10) in logarithmic growth stage were collected 
and resuspended at a final concentration of 2.5×106 cells/mL.  
C57BL/6 mice (7-week-old, male) were sourced from 
Beijing Vital River Laboratory Animal Technology Co., Ltd. 
and housed in specific pathogen free (SPF) environment in 
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laboratory animal center, Huazhong University of Science 
and Technology. All animals were randomly divided into 
two groups (B16-F0 and B16-F10 group), 6 in each group. 
And the mice in each group were randomly divided to be 
inoculated PD-L1-shRNA melanoma cells and NC-shRNA 
melanoma cells as control subcutaneously with 200 μL 
suspension containing 5×105 cells, respectively. The tumor 
size was measured every other day. Tumor volume was 
calculated according to the following formula: tumor volume 
=0.52× tumor length diameter × (tumor short diameter)2. 
Mice were sacrificed under deep anesthesia 23 days  
after inoculation. Then the growth curve was plotted 
according to tumor volume. Experiments were performed 
under a project license (No. 2837) granted by Institutional 
Animal Care and Use Committee Board of Huazhong 
University of Science and Technology, in compliance with 
institutional guidelines for the care and use of animals.

Immunohistochemistry

Mice were sacrificed on indicated days. Tumor tissues 
were completely  dissected,  f ixed in 4% buffered 
paraformaldehyde, embedded in paraffin, and were 
subsequently cut into 5-μm-thick sections. The sections 
were dewaxed and then placed in citric acid buffer 
(PH 6.0) for microwave antigen retrieval. Endogenous 
peroxidase of sections was then blocked with 3% hydrogen 
peroxide solution. Sections were further blocked with 
3% bovine serum albumin blocking solution (Sigma) and 
immunostained with rabbit anti-mouse PD-L1 (ab233482), 
rabbit anti-mouse α-smooth muscle actin (SMA) (ab5694), 
rabbit anti-FN1 (ab2413), rabbit anti-CDH1 (ab76319) 
and rabbit anti-Ki-67 (ab15580) purchased from Abcam, 
UK at 4 ℃ overnight. The sections were then washed well 
with phosphate buffered saline with Tween-20 (PBST) and 
incubated with goat anti-rabbit IgG secondary antibody 
(ab150077, abcam) at room temperature for 1 hours. 
After being washed with PBST, staining was developed 
with DiAminoBenzidine. Slides were counterstained with 
hematoxylin, dehydrated, and finally mounted. These 
sections were observed under a microscope and were 
measured by using Image-pro Plus 6.0 software. 

Statistical analyses

Statistical analyses were performed using GraphPad Prism 
v8.0.1. Unless otherwise stated, the data were shown as the 
mean ± standard deviation (SD). Two-sided unpaired t-test 

or two-way analysis of variance (ANOVA) tests were used 
to evaluated the significant differences. The P value of less 
than 0.05 was considered to be statistically significant.

Results

TGF-β1 promoted PD-L1 expression in melanoma cells

To explore the effect of TGF-β1 on the expression of PD-
L1 in melanoma cell lines, B16-F0 and B16-F10 cells 
were both treated with TGF-β1 and TGF-β1 inhibitor 
respectively for 48 hours. The protein expression of PD-
L1 were identified by flow cytometry. We found that PD-
L1 protein expression level in B16-F0 cells was induced by 
TGF-β1 over 1.40-fold higher (P=0.0122) and suppressed 
by TGF-β1 inhibitor over 1.57-fold lower (P=0.0198) 
compared to those from control group (Figure 1A). 
Consistently, the protein expression of PD-L1 was increased 
by TGF-β1 over 1.41-fold higher (P=0.0488) and decreased 
by TGF-β1 inhibitor over 1.51-fold lower (P=0.0085) 
compared to those from control group in B16-F10 cells 
(Figure 1B). We also tested the effect of TGF-β1 on PD-
L1 mRNA expression by RT-qPCR. The results exhibited 
that TGF-β1 increased the mRNA expression of PD-L1 in 
both melanoma cell lines, which was confirmed in TGF-β1 
inhibitor-treated cells (Figure 1C). 

PD-L1 induced the secretion of TGF-β1 in melanoma cells 

In order to determine whether a bidirectional regulation 
existed between PD-L1 and TGF-β1 in melanoma cells, 
we explored the effect of PD-L1 on the expression and 
secretion of TGF-β1. Cell-surface PD-L1 of B16-F0 
and B16-F10 cells was blocked with purified anti-mouse 
CD274 (anti-PD-L1, 5 μg/mL) for 48 hours. The 
cultured supernatant was then collected and the total 
RNA of B16-F0 and B16-F10 cells were extracted. The 
concentration of TGF-β1 in the supernatant was detected 
by ELISA kit and the mRNA level of intracellular TGF-β1 
was measured by RT-qPCR. The results showed that anti-
PD-L1 could significantly inhibit the secretion of TGF-β1 
was significantly suppressed to 1.90-fold in B16-F0 cells 
(P<0.0001, Figure 2A) and 1.49-fold in B16-F10 cells 
(P<0.0001, Figure 2A) in anti-PD-L1 group compared 
with those from control group. Importantly, anti-PD-L1 
downregulated intracellular TGF-β1 mRNA levels to 2.20-
fold in B16-F0 cells (P<0.0001, Figure 2B), and to 1.45-
fold in B16-F10 cells (P=0.0011, Figure 2B), respectively. 

D:/%E8%BD%AF%E4%BB%B6/%E6%9C%89%E9%81%93/Dict/8.9.6.0/resultui/html/index.html#/javascript:;
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Together with above results, it was indicated that cell 
intrinsic PD-L1 could induced the expression and secretion 
of TGF-β1 in melanoma cells.

PD-L1 favored TGF-β1-induced EMT, proliferation and 
migration in vitro

We further analyzed the relationship between TGF-β1 and 
PD-L1 in mouse melanoma model. Immunohistochemical 
staining revealed that PD-L1 protein is expressed in both 
B16-F0 and B16-F10 tumor tissues. Importantly, PD-L1 
protein expression were co-localized with α-SMA protein 

expression (Figure 3A), which suggested that PD-L1 
expression was associated with EMT.

Next, we investigated whether PD-L1 was involved in 
TGF-β1-mediated EMT. We used shRNA lentivirus to 
knockdown PD-L1 in melanoma cell lines (Figure 3B) and 
treated with or without TGF-β1 for 48 hours. The EMT 
markers, CDH1 and FN1 were observed. We detected the 
mRNA levels of CDH1 and FN1 using RT-qPCR. The 
data showed that the mRNA level of FN1 was decreased 
in both PD-L1-shRNA B16-F0 cells and PD-L1-shRNA 
B16-F10 cells compared to controls (64.6%, P<0.0001 
and 41.4%, P=0.0007, respectively, Figure 3C). We also 
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found that PD-L1-shRNA B16-F0 cells and PD-L1-
shRNA B16-F10 cells expressed higher levels of CDH1 
mRNA than that of controls (43.7%, P=0.0434 and 26.1%, 
P=0.0227, respectively, Figure 3C). 

Furthermore, we investigated whether PD-L1 was 
needed for TGF-β1-induced cell proliferation and 
migration. The results demonstrated that cell proliferation 
was inhibited by 21.3% (P<0.0001) in PD-L1-shRNA 
B16-F0 cells and 29.8% (P=0.0002) in PD-L1-shRNA 
B16-F10 cells (Figure 4A). Scratch assay in vitro is one of 
the most widely used methods for studying cell migration. 
In these experiments, PD-L1-shRNA B16-F0 cells treated 
with TGF-β1 showed slower migration ability than B16-F0 
cells treated with TGF-β1 (17.66% vs. 67.13% wound 
closure, P<0.0001) at 24 hours time points (Figure 4B,4C). 
The similar results were observed in PD-L1-shRNA 
B16-F10 cells and B16-F10 cells which both treated with 
TGF-β1 (17.90% vs. 56.64% wound closure, P=0.0002). 
These results demonstrated that PD-L1 regulated TGF-
β1-mediated EMT, cell proliferation and migration.

PD-L1 regulated TGF-β1-induced EMT and promoted 
melanoma progress in vivo 

Based on the above findings, we further confirmed the 
effect of PD-L1 on TGF-β1-mediated protumorigenic 
activity in the mouse melanoma model. In PD-L1-shRNA 
B16-F0 melanoma model, tumor growth was significantly 
suppressed by 5.52-fold (P<0.001) (Figure 5A,5B). As shown 
in Figure 5C,5D, the growth rates of the PD-L1-shRNA 
B16-F10 tumors were substantially lower than those of 
the control tumors (2.70-fold, P<0.001). After 20–23 days, 

the mice were sacrificed. The tumors were weighed and 
homogenated. Ki-67 has been identified as a well-known 
protein marker to evaluate the proliferative activity of 
cancer cells. The data showed that shRNA-mediated PD-
L1 knockdown significantly inhibited the Ki-67 expression 
in two melanoma models (Figure 5E,5F). The TGF-β1 
concentration in supernatant was detected by ELISA 
assay. The data demonstrated that PD-L1-shRNA tumors 
secreted lower TGF-β1 levels than those in the control 
tumors in both B16-F0 model (2.00-fold, P<0.001) and 
B16-F10 model (1.61-fold, P=0.0005) (Figure 5G). 

We next assessed whether shRNA-mediated PD-L1 
knockdown would suppress the process of EMT in vivo. Our 
data indicated that the mRNA level of FN1 was markedly 
decreased in both B16-F0 model (1.97-fold, P<0.001) and 
B16-F10 model (2.04-fold, P=0.0001) compared to controls 
(Figure 6A). We also found that the CDH1 mRNA level was 
significantly increased in two melanoma model than that 
of controls (B16-F0 model, 3.56-fold, P=0.0001; B16-F10 
model, 1.77-fold, P=0.001) (Figure 6A). The protein levels 
of CDH1 and FN1 were detected by immunohistochemical 
staining in the removed tumor tissues. As can be seen in 
Figure 6B,6C, CDH1 protein and FN1 protein changes 
were similar to that observed in mRNA levels. Taken 
together, these results further confirmed that tumor cell-
intrinsic PD-L1 is the potent inducer of TGF-β1-mediated 
EMT and tumor progression.

Discussion

PD-1/PD-L1 inhibition has emerged as an indispensable 
choice in melanoma patients, however only less than half 
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Figure 6 shRNA-mediated PD-L1 knockdown suppressed EMT in vivo. (A) The mRNA expression of CDH1 and FN1 in subcutaneous 
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melanoma patients respond well to anti-PD-L1/PD-1 
therapy. The reasons of primary and secondary drug 
resistance to PD-L1 still remained to investigate (18). In 
addition to immune-dependent role, understanding the 
regulation of expression and roles of tumor-intrinsic PD-
L1 are important for further improving the response to 
immunotherapy. In the context of malignancy, EMT confers 
on cancer cells increased tumor-initiating and metastatic 
potential and a greater resistance to therapeutic regimens. 
Additionally, activation of an EMT program in carcinoma 
cells also leads to a tumor-initiating state (19). It has been 
reviewed that the bidirectional regulation between the 
EMT process and PD-L1 signaling led to tumor immune 
escape (20). Tumor cell-intrinsic PD-L1 promoted tumor 
cell proliferation and immune-independent growth (21,22). 

In the present study, we confirmed the cross-talk between 
cell-intrinsic PD-L1 and TGF-β1 in induction of EMT 
and tumor progression in melanoma, which could provide 
more information for dual target of PD-L1 and TGF-β in 
melanoma.

PD-L1 expression is regulated in tumors in various 
ways, in addition to being induced by interferon-γ (IFN-γ) 
secreted by infiltrating lymphocytes as a mechanism of 
immune escape (10). It has been described that PD-L1 is 
regulated at the transcriptional and RNA stability levels 
by MYC and oncogenic RAS, respectively (5,6), as well as 
at the protein level by the CSN5, CMTM4 and CMTM6 
proteins (23,24). It has also been reported that eukaryotic 
translation initiation factor 4F (eIF4F), which binds to the 5’ 
cap of mRNAs, regulated the surface expression of IFN-γ-
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induced PD-L1 on melanoma cells by regulating translation 
of the mRNA encoding the STAT1 transcription factor (25).  
Recent studies have demonstrated that the EMT process 
induced upregulated expression of PD-L1 (7,16,20). 
What’s more, several other researches revealed that PD-L1 
signaling played a crucial role in maintenance of the EMT 
status in breast cancer, renal cell carcinoma, esophageal 
cancer, hepatocellular carcinoma and glioblastoma  
(5,7,26-28). These data indicated that a bidirectional 
regulation existed between EMT status and PD-L1 
signaling. TGF-β has been generally considered as a key 
inducer of EMT. Our results demonstrated that TGF-β1 
induced melanoma cell-intrinsic PD-L1 expression. 
Furthermore, we demonstrated PD-L1 increased the 
synthesis and secretion of TGF-β1. These data indicated 
that bidirectional regulation between tumor cell-intrinsic 
PD-L1 and TGF-β1 in melanoma existed. 

Three TGF-β isoforms are essential regulators of 
cell differentiation, phenotypes and functions, and are 
involved in the pathogenesis of many diseases by different 
mechanisms (11). In melanoma, all three TGF-β isoforms 
were significantly increased and their expression was 
correlated with a poor survival of patients (29). These 
observations highlighted TGF-β can be explored as a drug 
target for cancer therapy. However, TGF-β blockade can 
cause significant toxicity, which has led to termination of 
several clinical trials testing TGF-β/TGF-βRII inhibitors 
(13,30). Theoretically, bifunctional molecules targeting 
two pathways simultaneously may display their superiority 
compared with two single agents used in combination 
treatment. Anti-PD-L1/TGF-βRII (M7824) is an innovative 
first-in-class bifunctional fusion protein composed of a 
monoclonal antibody against PD-L1 fused to TGF-βRII. 
Clinical evaluation of M7824 indicated the adverse event 
profile included anti-PD-L1 and anti-TGF-β-related 
respective adverse events (17,31-33) but with a narrow 
therapeutic window, which warranted further investigation. 
Another study has reported that combined inhibition 
of PD-L1 and TGF-β1-induced EMT resensitized 
hepatocellular carcinoma to sorafenib treatment (27). These 
data suggested that TGF-β1 may serve as a potential factor 
for prognostic evaluation of melanoma, which may benefit 
from designing targeting TGF-β1 signaling along with 
PD-L1. Our previous findings demonstrated that PD-L1 
promoted self-renewal and tumorigenicity of malignant 
melanoma initiating cells (34). The present results showed 
PD-L1 promoted melanoma progression in vitro and in vivo 
by TGF-β1 inducing EMT, which was highly concordant 

with work of others showing similar results in hepatocellular 
carcinoma and lung cancer (18,27). Furthermore, based 
on the above results we wonder whether the EMT makers 
in melanoma such as CDH1, FN1, MITF, ZEB1, AXL, 
SNAIL could serve as the predictors for anti-PD-L1 
therapy sensitivity, which needs further investigation. 
The major weakness of our study is not involved in the 
molecular mechanism. We are aware that these findings 
should be further investigated in the molecular mechanism 
involved in bidirectional regulation between cell-intrinsic 
PD-L1 and TGF-β1. In addition, our study is limited by 
the absence of exploring the relationship between the other 
two TGF-β isoforms and PD-L1. Nevertheless, the present 
study showed that a bidirectional crosstalk between cell-
intrinsic PD-L1 and TGF-β1 in melanoma. Furthermore, 
we demonstrated that PD-L1 induced TGF-β1-mediated 
EMT and tumor progression. Considering that the role and 
contribution of TGF-β isoforms are different in cancers, 
TGF-β1 may serve as a potential factor for prognostic 
evaluation of melanoma and help in designing promising 
combinations which include targeting TGF-β1 signaling 
along with PD-L1 or other immune checkpoint blockade, 
chemotherapy or radiotherapy. 
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