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and Inhibits CD8+ T Cell Cytotoxicity in Gastric Cancer
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Abstract
Background and Objective: Programmed Death-Ligand 1 (PD-L1) is a crucial immune checkpoint in gastric cancer (GC) and its expression
can be palmitoylated. However, the effect of PD-L1 palmitoylation in GC remains unclear. This study aimed to investigate the role of
ZDHHC3-mediated PD-L1 palmitoylation in GC chemoresistance and CD8+ T cell cytotoxicity. Materials and Methods: The expression
levels of ZDHHC3 and PD-L1 in GC tissues were analyzed using public datasets. The interaction between ZDHHC3 and PD-L1 in GC cells
(AGS) was investigated by co-immunoprecipitation and immunofluorescence. The effects of ZDHHC3 on PD-L1 stability, chemoresistance
and CD8+ T cell cytotoxicity were examined in  AGS  and  AGS/DDP  cells  using  siRNA  knockdown  and  overexpression  strategies.
Results: The ZDHHC3 and PD-L1 were found to be coordinately overexpressed in GC and ZDHHC3 directly interacted with and stabilized
PD-L1 in GC cells. Overexpression of ZDHHC3 conferred chemoresistance to GC cells through PD-L1, while ZDHHC3 knockdown sensitized
GC cells to chemotherapy. Furthermore, ZDHHC3-mediated PD-L1 stabilization suppressed CD8+ T cell cytotoxicity, which could be
reversed by PD-L1 neutralization. Conclusion: The ZDHHC3-mediated PD-L1 palmitoylation contributes to chemoresistance and inhibits
CD8+ T cell cytotoxicity in GC. Targeting the ZDHHC3-PD-L1 axis may be a promising strategy to overcome chemoresistance and enhance
anti-tumor immunity in GC.
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INTRODUCTION

Gastric cancer (GC) poses a significant global health
challenge, being a highly prevalent malignancy and a primary
contributor to cancer mortality rates worldwide1. Despite
advances in diagnostic and therapeutic strategies including
immunotherapy and precision medicine, gastric cancer
patients continue to face a grim outlook, with only about one
in five individuals surviving beyond five years post-diagnosis2.
Since chemoresistance and immune evasion are two major
obstacles in the treatment of GC3, elucidating the intricate
molecular pathways that drive these phenomena is a
contributor to enhancing the outcome of affected individuals.
Programmed Death-Ligand 1 (PD-L1) is a crucial immune

checkpoint protein that exerts an inhibitory effect on T cell
activity through its interaction with the Programmed Death-1
(PD-1) receptor expressed on the surface of T lymphocytes,
ultimately resulting in T cell exhaustion and immune
suppression4. Moreover, PD-L1-induced upregulation of
multidrug resistance genes can enhance drug efflux, leading
to increased chemoresistance and survival of tumor cells5. This
could be achieved through the activation of the complex
signal pathways such as PI3K/AKT cascades, which regulate
the expression of drug transporters6. These multiple roles of
PD-L1 in immune evasion and chemoresistance highlight its
importance as an interventional potential in cancer treatment.
The PD-L1 overexpression was observed in patients with
advanced-stage GC and correlated with diminished survival
outcomes and reduced susceptibility to chemotherapeutic
interventions7-10.  Furthermore,  knockdown  of  PD-L1
expression in human GC cells illustrated the efficacy of
inhibiting tumor growth and progression, could enhance cell
cycle arrest and increases its sensitivity to chemotherapeutic
cytotoxicity11. However, the modulatory processes governing
PD-L1 expression have not been fully elucidated.

Accumulating evidence suggests that PD-L1 expression
is not only regulated at the transcriptional level but also
subject to post-translational modifications (PTMs)12. Protein
palmitoylation, a dynamic post-translational modification,
involves the covalent attachment of a palmitate moiety to
specific cysteine residues within target proteins mediated by
ZDHHC protein acyltransferases13. Numerous studies have
implicated that ZDHHC plays a significant role in the
pathogenesis and advancement of several malignancies, such
as those originating in the mammary glands14, respiratory
system and urinary system15,16. The inhibition of the DHHC3
enzyme impairs the palmitoylation of PD-L1, leading to its
endocytic recycling  and  subsequent  lysosomal degradation.

This mechanism has been shown to exert a suppressive effect
on MC38 tumors in mice, demonstrating the importance of
ZDHHC’s regulation on PD-L1 in the intricate molecular
landscape of cancer17. However, the specific involvement of
these modifications in the context of GC has yet to be
thoroughly explored and warrants further investigation.
The    present   study   investigated   the   role   of

ZDHHC3-mediated PD-L1 palmitoylation in GC progression
and underlying mechanisms. The findings demonstrated the
correlation between ZDHHC3 and PD-L1 in GC cell lines and
that   ZDHHC3   overexpression   conferred  chemoresistance
to  GC  cells  and  suppressed  CD8+ T cell-mediated
cytotoxicity through stabilizing PD-L1, which highlights the
ZDHHC3/PD-L1 axis as a promising interventional candidate
for GC treatment.

MATERIALS AND METHODS

Study area: The present study was performed at Zhengzhou
Sias University from May, 2022 to October, 2023.

Bioinformatic analysis: The expression profiles of ZDHHC3
and CD274 (PD-L1) in stomach adenocarcinoma (STAD) were
obtained from the online database Gene Expression Profiling
Interactive Analysis18. The correlation between ZDHHC3 and
CD274 expression in STAD was investigated using the online
database The  Encyclopedia of RNA Interactomes (ENCORI)
and further analyzed using STAD data from the BioXpress
Database (BD)19,20.  The   Pearson   correlation  coefficient (r)
and p-value were calculated to determine the relationship
between ZDHHC3 and CD274 expression in STAD.

Cell lines and culture: The human gastric cancer cell line AGS
was obtained from the Procell Life Science and Technology
Co.,  Ltd.  (CL-0022;  Wuhan,  China).  Cells  were  cultured  in
RPMI-1640 medium (Gibco, Waltham, Massachusetts, USA)
supplemented  with  10%  fetal  bovine  serum  (Gibco)  and
1%  penicillin/streptomycin  at  37EC  in  a  humidified
atmosphere containing 5% CO2. The cisplatin (DDP)-resistant
AGS/DDP cell line was established by continuously exposing
parental AGS cells to increasing concentrations of DDP
(Sigma-Aldrich, St. Louis, Missouri, USA)21. The maintained AGS
cells were treated with 0.5 µM cisplatin for 72 hrs and the
surviving cells  were  cultured  and  exposed  to  DDP 
incremented  by 0.5 µM every two weeks until a final
concentration of 2 µM was reached. Then, cells were
maintained in an RPMI-1640 medium   containing   2   µM  
cisplatin   to   preserve   the drug-resistant phenotype.
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Plasmids and small interfering RNA transfection: The
ZDHHC3 or PD-L1 overexpression plasmid and siRNAs
targeting ZDHHC3 or PD-L1 were designed, synthesized and
confirmed by GenePharma (Shanghai, China). Plasmids, siRNAs
and their corresponding negative controls were either
individually or co-transfected into AGS or AGS/DDP cells using
Lipofectamine 3000 (Invitrogen, Carlsbad, California, USA)
according   to   the   manufacturer’s   protocol.   At   48   hrs
post-transfection, the expression level of the target protein
was verified by the western blot to confirm the transfection
efficiency.

Quantitative Real-Time PCR (qRT-PCR): Total RNA was
extracted from tissues using TRIzol reagent (invitrogen) and
reverse-transcribed into cDNA using the PrimeScript RT
Reagent kit (Takara, Kusatsu, Japan). The qRT-PCR was
performed using the SYBR Premix Ex Taq II kit (Takara) on a
LightCycler 480 system (Roche, Mannheim, Germany). The PCR
conditions were set as follows initial denaturation at 95EC for
30 sec, followed by 40 cycles of denaturation at 9EC for 5 sec
and annealing and extension at 60EC for 30 sec. The primer
sequences were listed in Table 1. The relative expression levels
of target genes were calculated using the 2G))Ct method with
GAPDH as the internal control.

Co-Immunoprecipitation (Co-IP): The Co-IP was performed to
investigate the interaction between ZDHHC3 and PD-L1. The
AGS cells were lysed in ice-cold RIPA buffer (Roche) to obtain
total protein samples, whose concentrations were determined
using the BCA Protein Assay Kit (Pierce, Rockford, Illinois, USA)
according to the manufacturer’s instructions. The total protein
samples were pre-cleared by incubation with control IgG
antibody (Cell Signaling Technology, Danvers, Massachusetts,
USA) and Protein A/G PLUS-Agarose beads (Santa Cruz
Biotechnology, Dallas, Texas, USA) for 1 hr at 4EC and then
were  incubated  with  anti-ZDHHC3  antibody  or  specific
anti-PD-L1 antibody overnight at 4EC. The next day, beads
were added and incubated for 2 hrs at 4EC to capture the
antibody-antigen complexes. The immunoprecipitates were
washed five times with cold RIPA buffer and then eluted with
2×SDS-PAGE sample buffer. Subsequently, the eluted protein
samples were subjected to SDS-PAGE electrophoresis for
western blot analysis.

Cycloheximide (CHX) assay: The AGS cells with or without
ZDHHC3 knockdown were seeded in 6-well plates at a density
of 2×105 cells per well and cultured until  the  cells reached
70-80% confluence. They were then treated with 50 µg/mL
CHX  (Sigma-Aldrich)  to  inhibit  protein  synthesis.  Cells  were

harvested at 1, 2, 4, 6 and 8 hrs post-CHX treatment using RIPA
lysis buffer and PD-L1 protein expression was evaluated by the
western blot.

Western blot: Treated AGS cells were lysed in RIPA buffer.
Equal amounts of proteins were separated by SDS-PAGE and
transferred onto PVDF membranes (Millipore, Burlington,
Massachusetts, USA). The membranes were blocked with 5%
skim milk and then incubated with primary antibodies against
ZDHHC3, PD-L1 and GAPDH (Table 2, diluted at 1:500 for use)
overnight  at  4EC.  After  washing  with  Tris-Buffered  Saline
with   Tween   20,   the   membranes   were   incubated   with
HRP-conjugated  secondary  antibodies  (Santa  Cruz
Biotechnology) for 1 hr at room temperature. The protein
bands were visualized using an enhanced chemiluminescence
kit (ThermoFisher Scientific, Waltham, Massachusetts, USA)
and imaged using a ChemiDoc™ MP Imaging System (Bio-Rad,
Hercules, California, USA). The band intensities were quantified
using ImageJ version 1.34 software (National Institutes of
Health, Bethesda, Maryland, USA) and normalized to the
corresponding loading control GAPDH.

Immunofluorescence (IF): After 48 hrs of transfection with
vector control or ZDHHC3 overexpression plasmid, the AGS
cells were fixed with 4% paraformaldehyde for 15 min at room
temperature, permeabilized with 0.1% Triton X-100 for 10 min
and blocked with 5% bovine serum albumin for 1 hr. The cells
were then incubated with primary antibody against PD-L1
(1:200, Table 2) overnight at 4EC, followed by incubation with
Alexa Fluor 594-conjugated goat anti-rabbit IgG secondary
antibody (1:500; Invitrogen) for 1 hr at room temperature.
Nuclei were counterstained with DAPI for 5 min. The coverslips
were mounted and IF images were acquired using a Zeiss LSM
880 confocal microscope (Carl Zeiss, Oberkochen, Germany).
The fluorescence intensity of PD-L1 was quantified using
ImageJ version 1.34 software.

Table 1: Primer sequences used in this study
Gene Sequence
DHHC3 Forward GGCCCTGCTCTTCCTCATTT

Reverse CACTTGACGTACCAAGCCCT
CD274 Forward TGCTGCCCTTCAGATCACAG

Reverse GGGCATTGACTTTCAGCGTG
GAPDH Forward GGCAAATTCAACGGCACAGT

Reverse GGCCTCACCCCATTTGATGT
si-ZDHHC3-1 AGUACUUCUGGUUGUUCUCGC
si-ZDHHC3-2 UUUUUUAGCCCAUCUUCUCUC

Table 2: Antibodies used in this research
Antibody Manufacturer Cat.no
ZDHHC3 Bioss Inc. bs-24751R
PD-L1 BosterBio M00109-3
GAPDH BosterBio M00227-7
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Cell viability determination: The AGS cells transfected with
either empty vector or ZDHHC3 overexpression plasmid and
AGS/DDP with either si-NC or si-ZDHHC3 RNAs were treated
with various concentrations of DDP (0, 0.5, 1, 2, 5, 10, to 20 µM)
for an additional 24 hrs. Cell  viability  was  then  assessed
using the Cell Counting Kit-8 (CCK-8; Dojindo Laboratories,
Kumamoto, Japan) according to the manufacturer's protocol.
Briefly, 10 µL of CCK-8 solution was added to each well of cells
and the plates were incubated for 2 hrs at 37EC. The
absorbance at 450 nm was measured using a microplate
reader (BioTek Instruments, Winooski, Vermont, USA).

Colony  formation  assays:  The AGS  cells  transfected  with
either  empty  vector  (Vector),  ZDHHC3  overexpression
plasmid (ZDHHC3), si-PD-L1 or a combination of ZDHHC3
overexpression plasmid and si-PD-L1 (ZDHHC3+si-PD-L1)
were treated with 1 µM DDP,  while  AGS/DDP cells transfected
with  either  si-NC,  si-ZDHHC3,   PD-L1  overexpression
plasmid (PD-L1) or a combination of si-ZDHHC3 and PD-L1
overexpression plasmid (si-ZDHHC3+PD-L1) were treated with
2 µM DDP. The cells were then seeded in 6-well plates at a
density of 1×103 cells for 14-day culture. After incubation, the
colonies were fixed and stained with crystal violet. The
colonies were counted using a microscope (Olympus SZX16,
Olympus Corporation, Tokyo, Japan).

CD8+ T cell-mediated cytotoxicity assay: Human peripheral
blood   mononuclear   cells   were   isolated  from blood
derived from healthy donors using the Lymphoprep (10970,
Stemcell Technologies, Vancouver, Canada) according to the
manufacturer’s protocol. To obtain activated T cells, PBMCs
were cultured in CTS™ AIM V™ SFM medium (A3021002, Gibco)
supplemented with ImmunoCult™ Human CD3/CD28/CD2 T
Cell  Activator  (10970; STEMCELL Technologies) and
recombinant  human  IL-2 (1000 U/mL; 11848-HNAY1, Sino
Biological, Beijing, China) for 1 week22,23. The AGS cells with
ZDHHC3 knockdown were seeded in 24-well plates and
cultured alone or co-cultured with activated T cells for 48 hrs
with a ratio of 1:3. After 48 hrs incubation, the surviving cancer
cells in the wells were washed with PBS and then fixed with
4% paraformaldehyde for 15 min. The 0.1% crystal violet
solution was used for staining and was subsequently
solubilized using 10% acetic acid. The optical density was
measured at 570 nm. To investigate whether the role of
ZDHHC3  in  immune escape is mediated by PD-L1, a PD-L1
neutralizing antibody (10084-R639, Sino Biological) was added
to the co-culture system in the ZDHHC3 overexpression group
at a concentration of 10 µg/mL. The surviving cancer cells post
48 hrs incubation were quantified as described above.

Statistical analysis: Statistical analyses were performed using
GraphPad Prism software (version 8.0; GraphPad Software, San
Diego, California, USA). All data were presented as
Mean±Standard Error of the Mean (SEM). For comparisons 
among  groups, One-way Analysis of Variance (ANOVA)
followed by Tukey’s post hoc  test was conducted for normally
distributed data, whereas  Kruskal-Wallis  test  followed  by 
Dunn’s post hoc test was used for non-normally distributed
data. Correlation analyses were performed using Pearson's
correlation coefficient. A two-tailed p-value less than 0.05 was
considered statistically significant.

RESULTS

ZDHHC3 and PD-L1 are coordinately overexpressed in STAD
tissues: To determine the relevance of ZDHHC3 and PD-L1 in
GC, their mRNA expression levels were first analyzed based on
publicly available datasets. Analysis of the data derived from
GEPIA revealed that both ZDHHC3 and CD274 were
significantly increased in STAD tissues than those in SHPP
tissues (Fig. 1a-b). Moreover, correlation analysis using the
ENCORI and BD databases showed a positive correlation
between ZDHHC3 and CD274 levels in STAD samples (Fig. 1c).
These data suggest that ZDHHC3 and PD-L1 are coordinately
over expressed in STAD, implying a potential regulatory
relationship between them.

ZDHHC3 stabilizes PD-L1 in GC cells through direct
interaction:  The  functional interaction  between ZDHHC3
and PD-L1 in vitro using the human GC cell line AGS was
subsequently  explored.  Over-expression   of   ZDHHC3  in
AGS cells significantly increased PD-L1 protein levels, as
determined by western blot (Fig. 2a) and IF analyses (Fig. 2b).
Conversely, knockdown of ZDHHC3 using both independent
siRNAs led to a marked reduction in PD-L1 protein expression
(Fig. 2c) and fluorescence performance expression  (Fig. 2d).
To test the interaction of ZDHHC3 with  PD-L1,  we  performed
co-IP, which demonstrated a direct interaction between
endogenous DHHC3 and PD-L1 in AGS cells (Fig. 2e).
Furthermore, CHX assay revealed that DHHC3 knockdown
accelerated the degradation of PD-L1 protein, with its protein
level significantly lower than that of the si-NC group starting
from the 4th h (Fig. 2f). This suggested that ZDHHC3 could
stabilize PD-L1 in GC cells.

ZDHHC3 confers chemoresistance to GC cells through PD-L1:
To investigate the role of ZDHHC3 in GC chemoresistance, we
established a AGS/DDP cell line by continuous exposure to
increasing concentrations of DDP. After treatment of DDP, AGS
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Fig. 1(a-c): ZDHHC3 and CD274 were highly expressed and exhibited a  positive  correlation  in  STAD  tissues, (a) ZDHHC3 and
(b) CD274 expression levels in STAD tissues were analyzed using data derived from the Gene Expression Profiling
Interactive Analysis database, Correlation analysis between ZDHHC3 and CD274 expression in STAD samples using
the (c) Encyclopedia of RNA Interactomes
Data are presented as Mean±SEM, *p<0.05, **p<0.01 and STAD: Stomach adenocarcinoma
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Fig. 2(a-f): ZDHHC3 acetyltransferase increased PD-L1 stabilization in gastric cancer cells, (a) Western blot analysis of PD-L1 and
ZDHH3 protein levels in AGS cells overexpressing ZDHHC3, (b) Immunofluorescence analysis of PD-L1 expression in
AGS cells overexpressing ZDHHC3, (c) Western blot analysis of PD-L1 and ZDHH3 protein levels in AGS cells transfected
with two independent siRNAs targeting ZDHHC3, (d) Fluorescence performance expression  of  PD-L1 after
transfection, (e) Co-immunoprecipitation analysis of the interaction between endogenous ZDHHC3 and PD-L1 and
(f) Cycloheximide assay to determine the degradation rate of PD-L1 protein in ZDHHC3 knockdown AGS cells
transfected with siRNA or negative control at h 1, 2, 4, 6 and 8 hrs after treatment
Data are presented as Mean±SEM, *p<0.05, **p<0.01 and ***p<0.001

with transfection of ZDHHC3 showed significantly higher IC50
value of DDP compared to the control group (Fig. 3a-b),
whereas, ZDHHC3 knockdown sensitized AGS/DDP cells to
DDP and reduced IC50 value (Fig. 3c-d). After 1 µM DDP
treatment, colony formation assay suggested that the faster
AGS cell proliferation conferred by ZDHHC3 overexpression

could be reversed by PD-L1 knockdown (Fig. 3d). Consistently,
ZDHHC3 knockdown inhibited proliferation of AGS/DDP cell
under 2 µM DDP treatment, which was partly abrogated by
introduction of PD-L1 (Fig. 3e). These findings indicated that
ZDHHC3 played a crucial role in the chemoresistance of gastric
cancer cells by regulating PD-L1 expression.
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Fig. 3(a-f): DHHC3 conferred chemoresistance of DDP to GC cells by PD-L1, (a-b) IC50 values of DDP in AGS cells transfected with
ZDHHC3 overexpression plasmid or control vector were determined by cell viability assay, (c-d) IC50 values of DDP in
AGS/DDP cells transfected with ZDHHC3 siRNA or negative control si-NC  were  determined  by  cell  viability  assay,
(e) Colony formation assay of AGS cells overexpressing ZDHHC3 with or without PD-L1 knockdown under 1 µM DDP
treatment and (f) AGS/DDP cells transfected with ZDHHC3 siRNA with  or  without  PD-L1  overexpression under 2 µM
DDP treatment
Data are presented as Mean±SEM, *p<0.05, **p<0.01 and DDP: Cisplatin

ZDHHC3 suppresses CD8+ T cell-mediated cytotoxicity
through enhancing PD-L1 expression: To determine whether
ZDHHC3-mediated PD-L1 stabilization affects T cell function,
we co-cultured   AGS   cells   with   activated   T   cells   derived

from healthy donors at a 1:3 ratio. After 48 hrs incubation,
knockdown of ZDHHC3  significantly  promoted CD8+ T cell-
mediated killing of AGS cells, as evidenced by the higher
survival  of  AGS    cells    with    si-NC    treatment    than   those
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Fig. 4(a-b): ZDHHC3 overexpression  inhibits CD8+ T cell cytotoxicity to GC cells. Activated T cells were obtained by culturing
PBMCs from healthy donors with human CD3/CD28/CD2 T cell activator and recombinant human IL-2 for one week,
(a) si-ZDHHC3 or si-NC treated AGS cells were cultured with or without activated T cells at a 1:3 ratio for 48 hrs. The
survival of AGS cells was assessed by crystal violet staining and (b) AGS cells overexpressing ZDHHC3 were co-cultured
with activated T cells in the presence or absence of a blocking antibody against PD-L1, survived tumor cells was
stained by crystal violet after 48 hrs of co-culture
Data are presented as Mean±SEM, *p<0.05, **p<0.01, ***p<0.001 and PBMCs: Peripheral Blood Mononuclear Cells

with si-ZDHHC3 (Fig. 4a). Moreover, the increased tumor cell
viability induced by ZDHHC3 overexpression was reversed by
the blocking antibody against PD-L1, indicating that ZDHHC3
inhibits CD8+ T cell cytotoxicity through upregulating PD-L1
(Fig. 4b).

DISCUSSION

Based on bioinformatic analysis combined with in vitro
experiment, the present study demonstrated that ZDHHC3
conferred  chemoresistance  to  GC  cells  and  suppresses
CD8+ T cell-mediated cytotoxicity through stabilizing PD-L1,
suggesting its potential to be considered as a strategy for
suppressing GC progression and mitigating immune evasion.
The GC poses a substantial burden on healthcare systems,
with its elevated occurrence and significant contribution to

cancer-related deaths24. Due to its suboptimal prognosis
under current management regimen exploring novel
therapeutic targets is beneficial for improving the outcomes
of patients25.
As     a     widely     recognized     immune     checkpoint,

PD-L1-targeted   therapies   have   shown   promising   results
in various cancers including GC. In the clinical trial,
pembrolizumab monotherapy showed an ORR of 11.6%  in
PD-L1-positive advanced GC patients, whereas a PD-1
inhibitor, nivolumab, demonstrated an ORR of 11.2% in
them26,27. However, not all patients respond to these therapies
and resistance can develop over time28. To understand the
regulating principles underlying PD-L1 expression to improve
the efficacy of existing PD-L1-targeted therapies, it is
illustrated that PD-L1 palmitoylation is present and plays a
functional role in our preliminary investigation.
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Protein palmitoylation could regulate proteins encoded
by oncogenes and tumor suppressors29. The overexpression of
ZDHHC3 was found as a crucial marker in various cancer
types30-33. In line with the current study findings, in which the
increased ZDHHC3 mRNA levels were observed in STAD
patients through both online databases and our human
samples. Importantly, the simultaneous upregulation and
positive correlation between ZDHHC3 and PD-L1 suggest their
association in GC progression, which was directly confirmed
by subsequent Co-IP.  Through  this  direct interaction, PD-L1
is shielded from degradation, reflected in the finding that
addition of  CHX   to   ZDHHC3-knockdown  AGS  cells resulted
in accelerated PD-L1 degradation. This is consistent with
previous  studies  describing  that  ZDHHC3-mediated
palmitoylation of PD-L1 at cysteine residue 272 protects PD-L1
from degradation by inhibiting its ubiquitination34,35.
In functional investigations, this stabilizing effect of

ZDHHC3 on PD-L1 might contribute to the chemoresistance
of GC tumor cells and their evasion of CD8+ T cell-mediated
cytotoxicity, which remains two major obstacles in improving
GC patient outcomes and overall survival rates36. Tumor cells
can develop resistance to chemotherapy through several
mechanisms related to PD-L1, like that PD-L1 could promote
the migratory and invasive properties of sorafenib-resistant
hepatocellular  carcinoma   cells,   human  GC  tissues  and
DDP-resistant GC cells via the PI3K/AKT pathway37.
Additionally, the suppressive effect of miR-34a-5p on PD-L1
expression   was   found   to   attenuate  the  resistance  of
DDP-refractory ovarian cancer cells to the chemotherapeutic
agent, cisplatin DDP38. This  trend  was  also  illustrated  in 
current  study, in which the suppression of AGS cell
proliferation by ZDHHC3 overexpression under DDP treatment
could be reversed through PD-L1 knockdown. Conversely, the
chemoresistance effect limited by ZDHHC3 knockdown on
AGS/DDP cells exhibited an increasing trend upon the
addition of PD-L1, suggesting that the modulation of ZDHHC3
can influence the chemoresistance of GC cells mediated by the
PD-L1 level modulation.
Furthermore, the stabilization of PD-L1 by ZDHHC3-

mediated palmitoylation can inhibit CD8+ T cell cytotoxicity.
These cytotoxic T lymphocytes have the ability to identify and
eradicate malignant cells through a complex process involving
the targeted secretion of specialized granules39. Immune
checkpoint blockade therapies targeting the PD-1/PD-L1
pathway have shown  remarkable success in restoring the
anti-tumor function of CD8+ T cells in various cancer types40.
For example, nivolumab that selectively blocks the interaction
between PD-1 and its ligands were illustrated the capability of
restoring the anti-tumor activity of T cells and demonstrated
promising efficacy in clinical trials involving GC patients41. In

present study, the addition of a PD-L1 neutralizing antibody
similarly demonstrated a significant reduction in the survival
of ZDHHC3-overexpressing GC cells when  co-cultured  with
T cells. The restoration of CD8+ T cell function upon PD-L1
blockade highlights the promising role of the ZDHHC3/PD-L1
axis in regulating anti-tumor immunity.
To validate the generalizability of the current study

findings, future studies should investigate the ZDHHC3-PD-L1
axis in additional GC cell lines with varying molecular and
phenotypic  characteristics  instead  of AGS alone. Moreover,
in vivo models should be exploited in further studies, such as
patient-derived xenograft or syngeneic mouse models, to
validate the role of the PD-L1 palmitoylation in regulating
chemoresistance and anti-tumor immunity in a more
physiologically relevant context to provide more reliable
evidence.

CONCLUSION

This study demonstrated that ZDHHC3 and PD-L1 are
coordinately overexpressed in STAD tissues and ZDHHC3
directly interacts with and stabilizes PD-L1 in GC cells.
Furthermore,  ZDHHC3 not only confers chemoresistance to
GC cells under DDP treatment through PD-L1 but also
suppresses CD8+ T cell-mediated cytotoxicity  mediated by
PD-L1 stabilization, which can  be  reversed by PD-L1
blockade. Taken together, current findings highlight the
crucial role of ZDHHC3-mediated PD-L1 palmitoylation in
promoting chemoresistance and inhibiting anti-tumor
immunity in GC. Targeting the ZDHHC3-PD-L1 axis may
provide a novel therapeutic strategy to improve the efficacy of
immunotherapy and optimize patient outcomes.

SIGNIFICANCE STATEMENT

The present study elucidated the role of ZDHHC3 in
regulating PD-L1 expression and ZDHHC3-mediated PD-L1
palmitoylation in gastric cancer (GC). By demonstrating the
coordinated overexpression of ZDHHC3 and PD-L1 in gastric
cancer tissues and the direct interaction between these two
proteins, present work provides insights into the molecular
mechanisms  underlying  PD-L1  stability  and  its  contribution
to chemoresistance and immune evasion. The findings
suggested  that  targeting  the  ZDHHC3-PD-L1  axis  may
represent a promising therapeutic strategy for overcoming
chemoresistance and enhancing anti-tumor immunity in GC
patients and lays the foundation for further exploration of
ZDHHC3 as a potential biomarker and therapeutic target in
GC, with implications for improving patient outcomes and
overall survival rates.

267



Int. J. Pharmacol., 21 (2): 259-269, 2025

REFERENCES

1. Bray,  F.,  M.  Laversanne,   H.   Sung,   J.   Ferlay,   R.L.   Siegel,
I. Soerjomataram and A. Jemal, 2024. Global cancer statistics
2022: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA: Cancer J.
Clinicians, 74: 229-263.

2. Joshi, S.S. and B.D. Badgwell, 2021. Current treatment and
recent  progress  in  gastric  cancer. CA: Cancer J. Clinicians,
71: 264-279.

3. Davern, M. and J. Lysaght, 2020. Cooperation between
chemotherapy and immunotherapy in gastroesophageal
cancers. Cancer Lett., 495: 89-99.

4. Budimir, N., G.D. Thomas, J.S. Dolina and S. Salek-Ardakani,
2022. Reversing T-cell  exhaustion  in  cancer:  Lessons
learned from PD-1/PD-L1 immune checkpoint blockade.
Cancer Immunol. Res., 10: 146-153.

5. Fan, J., K.K.W. To, Z.S. Chen and L. Fu, 2023. ABC transporters
affects tumor immune microenvironment to regulate cancer
immunotherapy and multidrug resistance. Drug Resist.
Updates, Vol. 66. 10.1016/j.drup.2022.100905 

6. Antoun, N.B. and A.M. Chioni, 2023. Dysregulated signalling
pathways driving anticancer drug resistance. Int. J. Mol. Sci.,
Vol. 24. 10.3390/ijms241512222 .

7. Sughayer, M.A., T.Z. Dabbagh and A.H. Battah, 2020. PD-L1
expression is a favorable prognostic marker in gastric
carcinoma.    Appl.    Immunohistochem.     Mol.     Morphol.,
28: 748-754.

8. Wu, L., S. Cai, Y. Deng, Z. Zhang, X. Zhou, Y. Su and D. Xu,
2021. PD-1/PD-L1 enhanced cisplatin resistance in gastric
cancer   through   PI3K/AKT   mediated   P-gp   expression. Int.
Immunopharmacol., Vol. 94. 10.1016/j.intimp.2021.107443 

9. Zhang, Y., Y. Yang,  Y.  Chen,  W.  Lin  and  X.  Chen  et al.,
2022. PD-L1: Biological mechanism, function, and
immunotherapy in gastric cancer. Front. Immunol., Vol. 13.
10.3389/fimmu.2022.1060497.

10. Zheng, Z., Z. Bu, X. Liu, L. Zhang and Z. Li et al., 2014. Level of
circulating PD-L1 expression in patients with advanced
gastric cancer and its clinical implications. Chin. J. Cancer Res.,
26: 104-111.

11. Li, J., L. Chen, Y. Xiong, X. Zheng and Q. Xie et al., 2017.
Knockdown of PD-L1 in human gastric cancer cells inhibits
tumor progression and improves the cytotoxic sensitivity to
CIK therapy. Cell. Physiol. Biochem., 41: 907-920.

12. Feng, C., L. Zhang, X. Chang, D. Qin and T. Zhang, 2023.
Regulation of post-translational modification of PD-L1 and
advances in tumor immunotherapy. Front. Immunol., Vol. 14.
10.3389/fimmu.2023.1230135 

13. Jin, J., X. Zhi, X. Wang and D. Meng, 2021. Protein
palmitoylation    and     its     pathophysiological     relevance.
J. Cell. Physiol., 236: 3220-3233.

14. Xu, C., Y. Xie, P. Xie, J. Li, Z. Tong and Y. Yang, 2023. ZDHHC9:
A promising therapeutic target for triple-negative breast
cancer  through immune modulation and immune
checkpoint blockade resistance. Discover Oncol., Vol. 14.
10.1007/s12672-023-00790-4 

15. Bian, J., W. Xiong, Z. Yang, M. Li, D. Song, Y. Zhang and C. Liu,
2024. Identification and prognostic biomarkers among
ZDHHC4/12/18/24,  and  APT2  in   lung   adenocarcinoma.
Sci. Rep., Vol. 14. 10.1038/s41598-024-51182-9 

16. Liu, Z., C. Liu, M. Xiao, Y. Han, S. Zhang and B. Xu, 2020.
Bioinformatics analysis of the prognostic and biological
significance of ZDHHC-protein acyltransferases in kidney
renal clear cell carcinoma. Front. Oncol., Vol. 10.
10.3389/fonc.2020.565414 

17. Wang, Q., J. Wang, D. Yu, Q. Zhang and H. Hu et al., 2024.
Benzosceptrin C induces  lysosomal  degradation of PD-L1
and  promotes  antitumor  immunity by targeting DHHC3.
Cell Rep. Med., Vol. 5. 10.1016/j.xcrm.2023.101357 

18. Tang, Z., C. Li, B. Kang, G. Gao, C. Li and Z. Zhang, 2017. GEPIA:
A web server for cancer and normal gene expression profiling
and interactive analyses. Nucleic Acids Res., 45: W98-W102.

19. Li, J.H., S. Liu, H. Zhou, L.H. Qu and J.H. Yang, 2014. starBase
v2.0: Decoding miRNA-ceRNA, miRNA-ncRNA and protein-
RNA interaction networks from large-scale CLIP-Seq data.
Nucleic Acids Res., 42: D92-D97.

20. Wan, Q., H. Dingerdissen, Y. Fan, N. Gulzar and Y. Pan et al.,
2015. BioXpress: An integrated RNA-seq-derived gene
expression  database  for  pan-cancer   analysis.   Database,
Vol. 2015. 10.1093/database/bav019 

21. Liang, Q., F. Chu, L. Zhang, Y. Jiang, L.  Li  and H. Wu, 2023.
circ-LDLRAD3 knockdown reduces cisplatin chemoresistance
and inhibits the development of gastric cancer with cisplatin
resistance through miR-588 enrichment-mediated SOX5
inhibition. Gut Liver, 17: 389-403.

22. Qin, G., X. Wang, S. Ye, Y. Li and M. Chen et al., 2020. NPM1
upregulates the transcription of PD-L1 and suppresses T cell
activity  in  triple-negative  breast  cancer.  Nat.  Commun.,
Vol. 11. 10.1038/s41467-020-15364-z 

23. Zhao,  M.,  Y.  He,  N.  Zhu,  Y.  Song  and  Q.  Hu  et  al., 2023.
IL-33/ST2 signaling  promotes  constitutive  and  inductive
PD-L1 expression and immune escape in oral squamous cell
carcinoma. Br. J. Cancer, 128: 833-843.

24. Smyth, E.C., M. Nilsson, H.I. Grabsch, N.C.T. van  Grieken  and
F. Lordick, 2020. Gastric cancer. Lancet, 396: 635-648.

25. Sexton, R.E., M.N. Al Hallak, M. Diab and A.S. Azmi, 2020.
Gastric cancer: A comprehensive review of current and future
treatment strategies. Cancer Metastasis Rev., 39: 1179-1203.

26. Fuchs, C.S., T. Doi, R.W. Jang, K. Muro and T. Satoh et al., 2018.
Safety and efficacy of pembrolizumab monotherapy in
patients with previously treated advanced gastric and
gastroesophageal  junction  cancer:  Phase 2 clinical
KEYNOTE-059   trial.   JAMA   Oncol.,   Vol.   4.
10.1001/jamaoncol.2018.0013.

268



Int. J. Pharmacol., 21 (2): 259-269, 2025

27. Kang,  Y.K.,  N.  Boku,  T.  Satoh,  M.H.  Ryu  and  Y.  Chao  et  al.,
2017.  Nivolumab  in  patients  with  advanced  gastric  or
gastro-oesophageal junction cancer refractory to, or
intolerant  of,  at  least  two  previous  chemotherapy
regimens (ONO-4538-12, ATTRACTION-2): A randomised,
double-blind,  placebo-controlled,  phase  3  trial.  Lancet,
390: 2461-2471.

28. von  Knethen, A. and B. Brüne, 2019. PD-L1 in the palm of
your hand: Palmitoylation as a target for immuno-oncology.
Signal    Transduction    Target    Ther.,    Vol.    4.
10.1038/s41392-019-0053-x.

29. Zhou, B., Q. Hao, Y. Liang and E. Kong, 2023. Protein
palmitoylation in cancer: Molecular functions and therapeutic
potential. Mol. Oncol., 17: 3-26.

30. Lin,   Z.,   Z.   Lv,   X.   Liu   and   K.   Huang,   2023.   RETRACTED
ARTICLE:  Palmitoyl  transferases  act  as  novel  drug  targets
for  pancreatic  cancer.  J.  Transl.  Med.,  Vol.  21.
10.1186/s12967-023-04098-3.

31. Lu, F., S.H. Shen, S. Wu, P. Zheng and K. Lin et al., 2022.
Hypomethylation-induced prognostic marker zinc finger
DHHC-type  palmitoyltransferase  12  contributes  to
glioblastoma  progression.  Ann.  Transl.  Med.,  Vol.  10.
10.21037/atm-22-520.

32. Sharma, C., H.X. Wang, Q. Li, K. Knoblich, E.S. Reisenbichler,
A.L. Richardson and M.E. Hemler, 2017. Protein acyltransferase
DHHC3 regulates breast tumor growth, oxidative stress, and
senescence. Cancer Res., 77: 6880-6890.

33. Wang, B., R. Zhou, J. Wu, H. Kim and K. Kim, 2024. Inhibition of
δ-catenin palmitoylation slows the progression of prostate
cancer. Biochim. Biophys. Acta Mol. Cell Res., Vol. 1871.
10.1016/j.bbamcr.2024.119741.

34. Yao, H., J. Lan, C. Li, H. Shi and J.P. Brosseau et al., 2019.
Inhibiting PD-L1 palmitoylation enhances T-cell immune
responses against tumours. Nat. Biomed. Eng., 3: 306-317.

35. Yang, Y., J.M. Hsu, L. Sun, L.C. Chan and C.W. Li et al., 2019.
Palmitoylation stabilizes PD-L1 to promote breast tumor
growth. Cell Res., 29: 83-86.

36. Liu, Y., C. Li, Y. Lu, C. Liu and W. Yang, 2022. Tumor
microenvironment-mediated immune tolerance in
development  and  treatment  of  gastric  cancer. Front.
Immunol., Vol. 13. 10.3389/fimmu.2022.1016817 

37. Xu, G.L., C.F. Ni, H.S. Liang, Y.H. Xu and W.S. Wang et al., 2020.
Upregulation of PD-L1 expression promotes epithelial-to-
mesenchymal transition in sorafenib-resistant hepatocellular
carcinoma cells. Gastroenterol. Rep., 8: 390-398.

38. Zuo,   Y.,   W.   Zheng,   J.   Liu,   Q.   Tang,   S.S.    Wang    and
X.S. Yang, 2020. MiR-34a-5p/PD-L1 axis regulates cisplatin
chemoresistance    of    ovarian    cancer   cells.   Neoplasma,
67: 93-101.

39. Hossain, M.A., G. Liu, B. Dai, Y. Si and Q. Yang et al., 2021.
Reinvigorating exhausted CD8+ cytotoxic T lymphocytes in
the tumor microenvironment and current strategies in cancer
immunotherapy. Med. Res. Rev., 41: 156-201.

40. Raskov, H., A. Orhan, J.P. Christensen and I. Gögenur, 2021.
Cytotoxic CD8+ T cells in cancer and cancer immunotherapy.
Br. J. Cancer, 124: 359-367.

41. Janjigian,  Y.Y.,  K.   Shitara,   M.   Moehler,   M.    Garrido   and
P. Salman et al., 2021. First-line nivolumab plus chemotherapy
versus chemotherapy alone for advanced gastric, gastro-
oesophageal junction, and oesophageal adenocarcinoma
(CheckMate 649): A randomised, open-label, phase 3 trial.
Lancet, 398: 27-40.

269


	IJP.pdf
	Page 1




