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Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) has received extensive
attention as a cancer therapeutic due to its high propensity for tumor targeting with
minimal toxicity to healthy tissue. Gastric cancer (GCa) cells show high levels of
TRAIL resistance. Epidermal growth factor receptor (EGFR) antagonizes TRAIL-induced
apoptosis, but the mechanisms of these effects remain unclear. Our past research
confirmed TRAIL-resistant (BGC823 and SGC7901) and TRAIL-sensitive cells (HGC27
and MKN45). miR-429 associated with TRAIL sensitivity was screened using microRNA
arrays. The transfection of mimics and inhibitors confirmed that miR-429 negatively
correlated with GCa TRAIL resistance. The target gene of miR-429 was identified as
PD-L1, which positively correlated with TRAIL resistance through gene silencing and
recovery experiments. Using co-immunoprecipitation (co-IP) and proximity ligation assay,
we demonstrated that the pro-survival effects of PD-L1 are mediated through the binding
and activation of EGFR. Cell viability experiments demonstrated that PD-L1 is key to the
maintenance of cell viability in TRAIL-treated cells. This indicated that PD-L1 binds to and
participates in EGFR activation through miR-429 regulation to antagonize TRAIL-induced
apoptosis. This provides a new theoretical basis for the combination of the EGFR
monoclonal antibodies including cetuximab, PD-L1 inhibitors, and human recombinant
TRAIL in gastric cancer therapy and can filter patients who are currently sensitive to
TRAIL treatment.
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INTRODUCTION

Gastric cancer (GCa) remains prevalent across the globe for which current treatment strategies
are lacking. In metastatic disease, the outcomes are poor, with median survival rates of ~1 year
(1). Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) is a member of the TNF
superfamily (TNFSF) that acts as an agonist for DR4 and DR5 to transfer extracellular death signals
for cancer therapy (2). TRAIL has received extensive attention as a cancer therapeutic due to its
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SEM of triplicate samples from three independent experiments. “P < 0.05.

FIGURE 5 | Effects of PD-L1 on tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) sensitivity in gastric cancer (GCa) cells. (A) Cells were transfected
with si-PD-L1 and PD-L1 expression was assessed by Western blot analysis. (B) Cells were transfected with si-PD-L1 and the number of apoptotic cells were
assessed by terminal deoxynucleotidyl transferase UTP nick-end labeling (TUNEL) staining after TRAIL treatment (100 ng/ml). Scale bar, 25 .wm. (C) Cells were
transfected with mimic-429, mimic-control, empty vector (EV), and PD-L1-OE (PD-L1 cDNA) lacking the 3'-UTR to rescue PD-L1 expression. The PD-L1 levels were
assessed by Western blot. (D) SGC7901 and BGC823 cells were co-transfected with mimic-429, mimic-control, EV, and PD-L1-OE (PD-L1 cDNA) without the
3'-UTR and the proportion of apoptotic cells were assessed by TUNEL staining after TRAIL treatment (100 ng/ml). Scale bar, 25 um. (E) SGC7901 and BGC823 cells
were transfected with si-PD-L1 and annexin V/propidium iodide (PI) stained to detect apoptotic cells by flow cytometry after TRAIL treatment (100 ng/ml). (F)
SGC7901 and BGC823 cells were co-transfected with mimic-429, EV, and PD-L1-OE (PD-L1 cDNA) without the 3’-UTR and annexin V/PI stained to detect apoptosis
by flow cytometry after TRAIL treatment (100 ng/ml). (G) SGC7901 and BGC823 cells were transfected with si-PD-L1 and the expression of cleaved caspase-3 was
assessed via Western blot analysis after TRAIL treatment (100 ng/ml). (H) SGC7901 and BGC823 cells were co-transfected with mimic-429, EV, and PD-L1-OE
(PD-L1 cDNA) lacking the 3’-UTR and the expression of cleaved caspase-3 was detected by Western blot after TRAIL (100 ng/ml) treatment. Results are the mean +

restriction assays. The results showed that PD-L1 and p-EGFR
had protein interactions under TRAIL treatment (Figure 6B).
We speculated that PD-L1 mediates TRAIL resistance through
its effects on EGFR. Following PD-L1 silencing, SGC7901 cells
were TRAIL treated and the levels of EGFR and p-EGFR were
assessed. While no changes in the total EGFR expression were
observed, the levels of p-EGFR declined (Figure 6C). Similarly,
the overexpression of PD-L1 in TRAIL-sensitive MKN45 cells did
not influence the EGFR expression, but enhanced the levels of p-
EGFR (Figure 6D). We therefore conclude that PD-L1 binding
to EGFR mediates TRAIL sensitivity in GCa cells. We further
examined the effects of PD-L1 on mTOR and AKT downstream
of p-EGFR. After silencing PD-L1 in SGC7901 cells treated with
TRAIL, the activation of mTOR and AKT decreased (Figure 6E).
In contrast, PD-L1 overexpression in MKN45 cells following
TRAIL treatment increased the levels of mTOR and AKT
compared to the control cells (Figure 6G). These data highlighted
the role of PD-L1 in EGFR activation and TRAIL resistance.
We further verified that PD-L1 regulates the viability of GCa

cells following TRAIL activation in the cell viability assays.
As PD-L1 expressions in TRAIL-resistant cells BGC823 and
SGC7901 decreased, loss of cell viability was observed following
TRAIL treatment (Figure 6F). Upon the overexpression of PD-
L1 in TRAIL-sensitive HGC27 and MKN45 cells, the cell
viability decreased following TRAIL treatment (Figure 6H). PD-
L1 therefore contributes to GCa resistance to TRAIL.

DISCUSSION

Although GCa cells are resistant to TRAIL, it represents a
promising tumor treatment due to its tumor killing selectivity
and low levels of toxicity to healthy tissues. Revealing
the mechanism of GCa resistance to human recombinant
TRAIL therefore provides a theoretical basis for its clinical
application (7).

Lipid rafts provide a platform for DR4 and DR5 to facilitate
the assembly of death-inducing signaling complex (DISC)
leading to apoptosis (15, 22, 25, 26). However, we found that
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FIGURE 6 | PD-L1 maintained cell viability and survival through epidermal growth factor receptor (EGFR) binding. (A) Immunoprecipitation (IP) using anti-PD-L1
antibodies to detect PD-L1 binding to EGFR and phosphorylated EGFR (p-EGFR) in SGC7901 cells after tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL) treatment (100 ng/ml). (B) Interactions of PD-L1 and p-EGFR in SGC7901 cells analyzed by Duolink in situ proximity ligation assay (PLA) after TRAIL treatment
(100 ng/ml). Red, interaction of PD-L1 and p-EGFR; blue, cell nuclei stained with DAPI (magnification, x60). (C) PD-L1 was silenced in SGC7901 cells and the
expressions of PD-L1 and p-EGFR were assessed by immunoprecipitation assays using anti-EGFR antibodies following TRAIL treatment (100 ng/ml). (D) PD-L1 is
overexpressed in MKN45 cells. Expressions of PD-L1 and p-EGFR were assessed using anti-EGFR IP following TRAIL treatment (100 ng/ml). (E) PD-L1 silencing in
SGC7901 cells and AKT/mTOR assessments in cells treated with TRAIL (100 ng/ml). (F) Si-PD-L1 was transfected into SGC7901 and BGC823, cells were treated
with TRAIL (100 ng/ml), and cell viability was assessed. (G) PD-L1-OE was transfected into MKN45 cells and AKT/mTOR activation was assessed following Western
blot analysis after TRAIL treatment (100 ng/ml). (H) Cells were transfected with PD-L1-OE and cell viability was assessed following TRAIL treatment (100 ng/ml).
Results are presented as the mean + SEM of triplicate samples from three independent experiments. *P < 0.05.
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TRAIL treatment led to the relocalization of EGFR to lipid rafts,
leading to its activation and TRAIL resistance. Inhibiting EGFR
further enhanced the effects of TRAIL on GCa cells (15). In
addition, we found that the downregulation of the cbl family
upregulated the sensitivity of gastric cancer cells to TRAIL. We
screened the miRNA expressions in TRAIL-resistant and TRAIL-
sensitive cells using Affymetrix miRNA microarrays. A high
differential expression was observed in the miR-429/miR-200
family, which we verified with the dual-luciferase reporter assays.
miR-429/miR-200 do not regulate cbl, and we hypothesize that
miR-429/miR-200 may affect sensitivity to TRAIL through the
modulation of other molecules (22).

We found that DR4, DR5, and PD-L1 are targets of miR-
429/miR-200 on Targetscan. We further verified the expressions
of these genes in GCa cells. No significant difference in the
expressions of DR4 and DR5 in sensitive and resistant cells
were observed, while PD-L1 was highly expressed in resistant
cells. Meanwhile, we determined that miR-429 had no regulatory
effect on DR4 and DR5 (Supplementary Figure 1B). Most PD-
L1 studies have focused on its role in immunosuppression and
immunotherapy. PD-L1 exerts immunosuppressive effects by

binding to PD-1 ligands on immune cells in vivo, promoting
immune escape (27). Recent studies indicate an intrinsic role for
PD-L1 in modulating EMT (28, 29), cancer stem cell (CSC)-like
phenotypes (30, 31), and metastasis and resistance to therapy
(24). In addition, the miR-429/miR-200 expressions strongly
correlated with the EMT processes (32). These malignant
phenotypes led to the association of PD-L1 with tumor cell
resistance (33), including bladder carcinoma (34), non-small-
cell lung cancer (35), breast cancer (17, 36), and head and
neck squamous cell carcinoma (37). This study revealed the role
ofPD-L1 in tumorigenesis during TRAIL resistance.

One of the most important cell survival receptors is the
EGFR. TRAIL receptors (TRAIL-Rs) are key to the regulation
of tumor apoptosis. EGFRs activate the survival pathways,
including PI3K/AKT, Ras/MAPK, and JAK/STAT signaling.
TRAIL activates the apoptotic signaling pathways, leading to
caspase, and mitochondrial activation. The balance between
these signaling pathways determines the cell viability and
apoptotic status (38). We simultaneously found that TRAIL
could induce EGFR activation, leading to TRAIL resistance.
PD-L1 and EGFR interact in colon cancer cells, and their
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FIGURE 7 | A working model of miR-429/PD-L1/EGFR axis in gastric cancer sensitivity to TRAIL.

combination in GCa may influence their sensitivity to TRAIL.
Since the miR-200 target sequences are identical, we selected
miR-429, which had the highest differential expression. The
results showed that miR-429 could affect the sensitivity of
GCa cells to TRAIL through targeting PD-L1. We explored
the mechanism of PD-L1 binding to EGFR, which promotes
GCa resistance by regulating the phosphorylation of EGFR,
leading to maintaining the cell viability. In addition, the miR-
429/miR-200 family regulates EGFR expression (39), which may
further enhance the anti-TRAIL effects of PD-L1 in combination
with EGFR. Lipid rafts regulate the sensitivity of GCa cells to
TRAIL (22). However, whether PD-L1 and miR-429 regulate
lipid rafts has not been verified. PD-L1 may bind to EGFR and
promote EGFR activation in lipid rafts. At the same time, PD-
L1 expression influences the mutational status of EGFR (40).
Thus, other effects on the sensitivity of GCa to TRAIL cannot
be dismissed.

The effects of TRAIL/TRAIL-R activation on PD-L1
expression were further verified. Interestingly, miR-429
expressions in TRAIL-resistant cells decreased following
TRAIL treatment, while PD-L1 increased TRAIL resistance.
However, this phenomenon did not occur in TRAIL-
sensitive cells. We hypothesized that TRAIL regulates the
expression of miR-429 to further regulate PD-L1 expression.

This may be related to TRAIL/TRAIL-R-mediated non-
apoptotic  signals  (41). TRAIL/TRAIL-R signaling did
not influence the expression of PD-L1. TRAIL-R is not
only expressed on the surface of tumor cells but is also
widely distributed on the surface of various immune cells.
Whether the effects of TRAIL/TRAIL-R activation on
the tumor immune microenvironment were positive or
negative remains unclear (42). In addition, the effects of
PD-1/PD-L1 activation in tumor cells on TRAIL sensitivity
have not been investigated. Whether PD-1/PD-L1 and
TRAIL/TRAIL-R interact in the tumor microenvironment
requires further analysis. In vivo experiments assessing PD-1
were not performed, and we will continue to explore these in
future studies.

In summary, we report that PD-L1 maintains cell viability
through binding to and activating EGFR under the regulation
of miR-429 to mediate TRAIL sensitivity in GCa cells
(Figure 7). The combination of TRAIL and trastuzumab
significantly enhanced its anti-tumor effects (43). Although
further validation in in vivo experiments is required, this
study provides a new theoretical basis for the combination
of PD-L1 inhibitors and recombinant TRAIL in GCa and
increases the screening of patients who are sensitive to
TRAIL treatment.
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