OncoTargets and Therapy

Dove

ORIGINAL RESEARCH

PD-L| Expression Is Regulated By NF-kB During
EMT Signaling In Gastric Carcinoma

Dan Xu

Jing Li

Rui-Yang Li

Ting Lan

Chi Xiao

Ping Gong

Department of Oncology, The First
Affiliated Hospital, Shihezi University

School of Medicine, Shihezi, Xinjiang,
People’s Republic of China

Correspondence: Ping Gong
Department of Oncology, The First
Affiliated Hospital, Shihezi University
School of Medicine, No. 107, North
Second Road, Shihezi, Xinjiang, People’s
Republic of China

Tel +860993-2812389

Email 18892995670@ |63.com

This article was published in the following Dove Press journal:
OncoTargets and Therapy

Purpose: The aim of this study was to investigate the influence of epithelial-mesenchymal
transition (EMT) occurring in gastric carcinoma cells and the involvement of programmed
death ligand 1 (PD-L1) expression in tumor cells that undergo EMT. The mechanisms
underlying PD-L1 expression during EMT in gastric carcinoma cells were also explored.
Methods: The capacities of migration and invasion were tested by cell scratch-wound assay
and transwell chamber assay. PD-L1 expression by SGC7901 cell line and related mechan-
ism were measured by Western blot and QRT-PCR.

Results: Treating with TGF-B1 promotes the motility of SGC7901 and PD-L1 expression in
vitro, while activating the NF-kB signal pathway.

Conclusion: EMT increases the capacities of migration and invasion in gastric cancer cells, which
resulted in up-regulation of PD-L1 expression via a mechanism that is dependent on NF-xB
activation.
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Introduction

Gastric cancer is one of the most common malignancies and a leading cause of cancer
death in China, with about 680,000 new cases and nearly 500,000 deaths every year; both
morbidity and mortality rank only second to lung cancer.! Despite great progress in
surgical operation treatment, effective methods for early diagnosis, monitoring metastasis
and prognosis are currently unavailable for gastric cancer.” In addition, there are difficul-
ties for surgeon in local relapse and distant metastasis.” Targeted therapy and immu-
notherapy for cancer metastasis are now in full swing, but with little progress and few new
drugs for gastric cancer due to its heterogeneity of gene expression,”* only trastuzumab for
rare HER-2 positive patients® and nivolumab/pembrolizumab for third-line treatment.®’

Metastasis often means more difficult to treat and worse survival among patients with
gastric cancer,® which includes detachment of tumor cells from the primary tumor mass,
microinvasion of tumor cells into stromal tissues, intravasation of tumor cells into the
lymphatic or blood vessels and extravasation and growth of tumor cells in secondary
sites.”' To achieve the control of cancer metastasis, the earlier the treatment begins, the
better effect is.

One of the key factors in treatment is finding metastasis as early as possible.
Epithelial-Mesenchymal Transition (EMT) refers to the loss of polarity and tight junction
and adhesion of epithelial cells under the inducement of different factors, acquiring the
ability of infiltration and migration, the change of epithelial cells into cells with morpho-
logical and characteristic of interstitial cells.'' Tumor cells, which undergo EMT, are able
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to invade normal tissues and induce metastases. The other
crucial step of metastases is the acquisition by tumor cells of
the ability to evade the immune system. Programmed death
ligand-1 (PD-L1) is a member of the B7 superfamily of co-
stimulating molecules expressed by antigen-presenting cells
and tumor cells that functions as a T lymphocyte inhibitory
molecule. PD-L1 has been shown to induce T lymphocyte
anergy and/or apoptosis through binding to its receptor PD-1,
which may be one reason for immune escape of tumor cells
that induces the development and metastasis of tumor.'* Up-
regulation of PD-L1 is associated with tumorigenesis and poor
prognosis of gastric cancer,”> melanoma, head and neck or
lung cancer.'*'® We therefore hypothesized that the expres-
sion of PD-L1 might be specifically regulated during EMT to
allow invasion and immune escape. Indeed, the role of ZEB-1
and miR200 on PD-L1 in EMT was recently shown in breast
cancer models.!” However, the association between EMT and
PD-L1 expression in gastric cancer was unknown.

In the current study, we selected an EMT model based on
TGF-B1 treatment of gastric cancer cell line SGC7901. We
show that treating with TGF-B1 promotes the motility of
SGC7901 and PD-L1 expression in vitro; the expression of
PD-L1 might partly be regulated by NF-kB during EMT

signaling in gastric carcinoma.

Materials And Methods

Cell Preparation

Human gastric cancer SGC7901 cells were purchased
from the Cell Bank of the Chinese Academy of Sciences,
Shanghai, China.

Cell Scratch-Wound Assay

When cells reached 90% confluence, a single wound was
created and phase-contrast images were digitally photo-
graphed immediately and at 24 hrs after incubation. The
original opening distances of the wound were set as 100%.
The opening distance after 24 hrs were measured from
three areas randomly selected per well, and the distances
in three wells of each group were quantified and normal-
ized by the original opening distance. The experiment was
performed three times in triplicate, and the percentage of
the migration rate was calculated by measuring the length
of cell migration and expressed as percentage compared to
the control group. Migration rate = (treatment group cell
migration distance/control group migration distance) *
100%.'®

Invasion And Migration Assays

Cells (2x10* cells in 200 pL medium without FBS) were
plated onto a 24-well cell culture insert coated with or without
Matrigel with 8 pm cores (Costar, USA). A medium contain-
ing 5% FBS (500uL) was added to the lower wells. After
incubation for 24 hrs, penetrated cells on the lower surface of
the membrane were fixed with 100% methanol, stained with
0.1% crystal violet and quantified in five areas randomly
selected per insert. The infiltrated cells in three inserts were
quantified in each experiment. The experiment was performed
three times in triplicate, and the percentage of the migration
rate and invasion rate was calculated by measuring the number
of cell migration and invasion as percentage compared to the
control group. Migration rate = (treatment group migrated cell
count/control group migrated cell count) * 100%. Invasion
rate = (treatment group invaded cell count/control group
invaded cell count) * 100%."?

Quantitative Real-Time Reversed

Transcription-PCR

PD-L1, IL8, BIRC3 mRNA were normalized to GAPDH
mRNA. Primer sequences were: PD-L1, forward: TGCG
GACTACAAGCGAATCA and reverse: GATCCACGGAA
ATTCTCTGGTT;* IL8, forward: ATGACTTCCAAGCTG
GCCGTGCT and reverse: TCTCAGCCCTCTTCAAAAAC
TTCTC;*' BIRC3, forward: AAGCTACCTCTCAGCC
TACTTT and reverse: CCACTGTTTTCTGTACCCGGA;*
GAPDH, forward: CAGGGCTGCTTTTAACTC and reverse:
GGAAGATGGTGATGGGAT. Results were calculated using

274 ACT method and are expressed as means + SD.*

SDS-PAGE And Western Blot Analysis

Western blotting was conducted as described previously. In
brief, cell lysates were centrifuged at 12,000 rpm for 30 mins
at 4°C. Protein concentrations of cell lysates were determined
with the BCA assay (Pierce) and 40 pg of proteins was loaded
onto SDS polyacrylamide gels (7.5%—15%) Following separa-
tion by SDS-PAGE, the proteins were transferred to nitrocel-
Biotech,
Piscataway, NJ, USA). The membranes were blocked in
blocking buffer (5% non-fat dried milk/1% Tween 20 in
PBS) for 2 hrs at room temperature and then incubated with
appropriate primary antibodies (1:1000) in blocking buffer

lulose membranes (Amersham Pharmacia

overnight at 4°C. The blot was incubated with appropriate
alkaline phosphatase (AP)-conjugated secondary antibodies.
Immunoreactivity was detected by the addition of 5 mL AP
buffer containing 16.5 mL BCIP and 33 mL of NBT at room
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temperature for 10 to 20 mins. Blots were then photographed.
Tubulin was used as a loading control.**

Antibodies And Reagents

E-cadherin (Signalway Antibody 48801), N-cadherin
(Signalway Antibody 48779), Vimentin (Signalway
Antibody 38104), Tubulin (Signalway Antibody 48885),
Galectine 9 (Abcam abl153673), CEACAMI1 (CD66)
(Abcam ab108397), PD-L2 (Abcam ab256386), Vista
(Abcam ab230950), IkBa (pS32) (Cell Signaling #2859),
IxBa (Cell Signaling #9242), RelA(pS536) (Cell Signaling
#3033), TGFB (Abcam ab92486), TGFp inhibitor (LY-
364947, MCE, USA), NFxB inhibitor (BAY11, MCE,
USA). PD-L1 was measured using the Human PD-LI
ELISA kit (Abcam ab214565).

Statistical Analysis

Results are represented as means + SD. Statistical analyses
were one way ANOVA. Result was considered statistically
significant. *P < 0.05, **P < 0.01, ***P < 0.001.

Results
Treatment With TGFB | Effectively

Induced EMT In SGC7901

Cytokine TGFf1 has been shown to induce a EMT model in
NSCLC A549 cell line.*>° To confirm this method is avail-
able in our study, GC cell line SGC7901 was exposed to

TGFp1 for 5 days to establish an EMT model. Samples were
collected from untreated (0 days) and cytokine-treated cultures
(5 days), Epithelical (E-cadherin) and mesenchyme (N-cad-
herin, Vimentin) makers were measured by Western blotting to
confirm EMT status of SGC7901. Treatment with TGFf1
resulted in a loss of E-cadherin expression with an increase
in N-cadherin and Vimentin (Figure 1A).

Enhanced migration and invasion is one of the hallmarks of
tumor cell undergoing EMT. Cell scratch-wound and transwell
chamber assay were performed to further confirm EMT status.
As a result, the wound of SGC7901 (treated for 5 days) was
obviously narrower than that of the untreated cells (0 days)
(Figure 1B). Transwell assays showed improved migratory
ability of SGC7901, as indicated by the increasing number of
migrated (Figure 1C) and invaded cells (Figure 1D).

In conclusion, stimulation with TGFB1 for five days
effectively induced EMT in SGC7901 in vitro.

PD-LI Expression Was Up-Regulated In
Cytokine-Induced EMT Model

PD-L1 expression is associated with EMT in head and
neck squamous cell carcinoma,®’ lung carcinoma®® and
renal cell carcinoma.”” To investigate the association
between EMT and PD-L1 expression in gastric cancer,
we next tested the expression of immune checkpoint
ligands in SGC7901 according to EMT status. Western

blotting results showed that EMT induction led to the up-

SGC-7901

A SGC-7901 B
TGF-1 -
TGF-$1 - +
E-Cadherin | «emm—e - oh
N-Cadherin - ——
Vimentin —
24h
Tubulin | cse——
C
TGFB1
2

¥
¥
¥

Migration Rate
( % of EMT)
g

Invasion

Figure | Treatment with TGFBI effectively induced EMT in SGC7901. (A) Expression of epithelial marker E-Cadherin and mesenchymal marker N-Cadherin and Vimentin
in SGC7901 after treatment with TGF-B| were measured by Western-Blotting. (B) Wound-healing assay showing the migration ability of SGC7901 after treatment with
TGF-BI. Scale bar, 200 pm. Transwell assay showing the migration (C) and invasion (D) ability of SGC7901 after treatment with TGF-BI. Scale bar, 200 pm.
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regulation of PD-L1 but not TIM3 ligands Galectine 9,
CEACAMI1 (CD66), PD-L2 or Vista in this model
(Figure 2A). Moreover, TGF-B1 receptor inhibition (used
as a specific inhibitor of TGF-f receptor to block TGFp1
induced EMT) blocked PD-L1 expression (Figure 2B).
These results indicated that cytokine-mediated EMT pro-
moted the expression of PD-L1. The up-regulation of
PDL1 by exposition to TGF-B1 was also confirmed by
QRT-PCR (Figure 2C) and ELISA (Figure 2D).

NF-kB Pathway Is Constitutively Active
And Is Required For Induction Of EMT

As the increased transcription of PD-L1 during cytokine-
induced EMT, we first analyzed the transcription factors
correlated with PD-L1 promoter. NF-xB has been shown
to regulate the EMT master-switch transcription factors in

multiple model systems®**

and present a binding site in
the PD-L1 promoter. Interestingly, a strong increase of NF-
kB activity was observed in this EMT model (Figure 3A);
mesenchymal SGC7901 cells displayed constitutive NF-xB

activated pathways, as determined using phosphor-specific
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Figure 2 PD-L| expression was up-regulated in cytokine-induced EMT model. (A)
Expression of immune-checkpoint inhibitors as Galectine 9, CEACAMI, PD-LI, PD-
L2, Vista before and after induction of EMT on SGC7901 cells. (B) The changes in
the expression of PD-L| with TGFp receptor inhibitor treatment in SGC7901-EMT
cells. (D) Expression of PD-LI mRNA and protein were measured following TGFB|
treatment by QRT-PCR (C) or ELISA (D). Data are expressed as means + S.D of
three independent experiments, each performed in triplicate. ***P < 0.001.

antibodies to IKBa and RelA. Moreover, QRT-PCR experi-
ments demonstrated increased expression of NF-kB-regu-
lated genes IL8 and BIRC3/cIAP2 (Figure 3B).

These data suggested that TGF-Bl treatment of
SGC7901 results in the increased phosphorylation of
IKK-regulated substrates and constitutive NF-kB tran-
scriptional activation.

PDLI| Expression Is Regulated Via NF-kB
Signaling During EMT
According to the above result that the PD-L1 expression is
up-regulated in this cytokine-induced EMT model, we ques-
tioned whether inhibiting NF-«B activity would dampen PD-
L1 expression. Indeed, we used a specific inhibitor (BAY 11)
to inhibition of NF-kB activity resulting in a significantly
reduced PD-L1 expression (Figure 4A). Meanwhile, inhibi-
tion of NF-kB activity suppressed the migratory ability of
SGC7901 according to EMT status in wound-healing
(Figure 4B) and transwell assay (Figure 4C).

In summary, all our data contribute to show for the first
time that PD-L1 expression is at least partly regulated by NF-
kB signaling during the cytokine TGF-B1-induced EMT.

Discussion

EMT has become a focus of research due to its vital role in
tumor progress throughout the body and complexity in a
variety of immune processes.**>® In this study, we tried to
explore the influence of EMT in immune-related process
through the study of PD-L1 expression regulation in gastric
cancer.

We mimic the invasion phase with a cytokine-induced
EMT model. After treated with TGF-B1 for five days,
SGC7901 cells were actually driven to EMT.?”*® In this
model, E-cadherin expression was suppressed while
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Figure 3 NF-kB pathway is constitutively active and is required for induction of
EMT. (A) Activity of NF-kB was measured in SGC7901 cells treated or not with
TGFg1. (B) QRT-PCR analysis of the expression of IL-8, BIRC3 in SGC7901 cells
following TGFf| treatment. **P < 0.001.
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Figure 4 PDLI expression is regulated via NF-kB signaling during EMT. (A) The activity of NF-kB measured by Western Blotting after treatment with NF-kB inhibitor. (B)
Wound-healing assay showing the migration ability of SGC7901-EMT after treatment with NF-kB inhibitor. Scale bar, 200 pm. Transwell assay showing the migration (C) and
invasion (D) ability of SGC7901-EMT after treatment with NF-kB inhibitor. Scale bar, 200 pm.

N-cadherin and Vimentin were overexpressed in SGC7901
following TGF-B1 treatment. In the present study, we
showed that EMT phenotype conferred by TGF-Bl to
SGC7901 was associated with the up-regulation of PD-
L1. Meanwhile, the capacities of migration and invasion
were also verified with cell scratch-wound assay and trans-
well chamber assay. We found that the wound of SGC7901
(treated with TGFB1 for 5 days) was obviously narrower
than that of the untreated cells (0 days) (Figure 1B) and
transwell assays showed improved migratory ability of
SGC7901 indicated by the increasing number of migrated
(Figure 1C) and invaded cells (Figure 1D).

The mechanism underlying the inducible expression of
PD-L1 is not clear. Several studies figure out TNF-a
stimulates NF-kB in cancer cells like A549 and increases
the ability of TGF-BI to induce EMT.*® Here, we found
that inducible expression of PD-L1 in SGC7901 cells was
TGF-B1-dependent manner (Figure 2A and B). We sus-
pected that cumulative effects leading to the transition of
SGC7901 cells occurred during the stimulation process.

Figure 3 shows that the PD-L1 expression is related to
NF-kB signals. Thus, we suspected that TGF1 might up-
regulate ICOSL by activation of the NF-kB signaling
pathway.**** Unfortunately, a direct connection between
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Figure 5 PD-L| expression is regulated by NF-kB during EMT signaling in gastric

carcinoma.

NF-«B signaling activation and PD-L1 expression could not

be investigated due to the restrictions of time and condi-

tions. Further studies are required to confirm TGFf receptor

expression on SGC7901 cells for clarification of the

mechanism underlying TGFp1-mediated stimulation of

gastric cancer cells, as well as the potential expression of

other mediators that might connect NF-kB activation with

PD-L1 expression in the TGF1 culture system.

In summary, although the exact mechanism of TGFB1-

dependent PD-L1 expression on SGC7901 cells was not

fully elucidated, we found the influence of EMT during the

transition of gastric cancer cells (Figure 5). These findings

provide insights into the molecules and signaling pathways

involved in the interaction of EMT with other immune

processes, which is hoped to promote the development of

different therapeutic strategies aimed at boosting or sup-

pressing specific EMT functions, depending on the patho-

logical context.
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