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Combination of the cuproptosis inducer disulfiram and
anti-PD-L1 abolishes NSCLC resistance by ATP7B
to regulate the HIF-1 signaling pathway
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Abstract. Disulfiram (DSF) is used to treat non-small cell
lung cancer (NSCLC). DSF significantly increases expression
of programmed death-ligand 1 (PD-L1), which may enhance
immunosuppression and immune escape of tumors. Therefore,
the present study aimed to investigate the role of combined
treatment of DSF and anti-PD-L1 in NSCLC resistance. The
viability and apoptosis of A549 cells were detected by the Cell
Counting Kit-8 assay and flow cytometry, respectively. The
expression levels of ATPase copper-transporting § (ATP7B)
and PD-LI in A549 cells were detected by reverse transcrip-
tion-quantitative PCR and western blot analysis. The levels of
reactive oxygen species (ROS), malondialdehyde (MDA) and
superoxide dismutase (SOD) in A549 cells were detected by
respective assay kits. The expression levels of cuproptosis-asso-
ciated proteins ferredoxin-1 (FDX1), ATP7B, solute carrier
family 31 member 1 (SLC31A1), succinate dehydrogenase B
(SDHB), PD-L1 and hypoxia inducible factor (HIF)-1A were
analyzed by western blotting in A549 cells. DSF inhibited
the viability of A549 cells and promoted expression levels of
ATP7B and PD-L1 at both mRNA and protein levels in A549
cells. The viability of cisplatin (DPP)-treated A549 cells was
increased following DSF treatment. JQ-1 (a PD-LI inhibitor)
suppressed the viability of DPP-treated A549 cells pretreated
with DSF. DSF increased expression levels of ATP7B and
PD-L1. The combination treatment of DSF and JQ-1 in A549
cells increased levels of ROS and MDA, as well as expression
levels of FDX1 and SLC31A1; however, combination treatment
decreased levels of SOD, as well as expression levels of ATP7B,
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SDHB, PD-L1, and HIF-1A. PX478 (an HIF-1 inhibitor) acted
with DSF to enhance the inhibitory effects on the viability and
on the induction of apoptosis of A549 cells. PX478 upregulated
the levels of ROS and MDA, while it downregulated levels of
SOD in DSF-treated A549 cells. PX478 promoted expression
levels of FDX1 and SLC31A1, while it suppressed expression
levels of ATP7B, PD-L1, and HIF-1A in DSF-treated A549
cells. In conclusion, the combined treatment of A549 cells
with anti-PD-L1 and DSF enhanced the effect of cuproptosis
on the inhibition of NSCLC cell viability.

Introduction

Lung cancer is one of the most common malignant tumors
with the highest incidence and mortality worldwide in 2020, of
which non-small cell lung cancer (NSCLC) accounts for ~85%
of all lung cancer cases (1,2). The main types of NSCLC are
adenocarcinoma and squamous and large cell carcinoma (3).
Improved diagnosis, the availability of novel effective chemo-
therapeutic agents, advanced surgical techniques and declining
smoking rates are contributing factors to gradually improving
outcomes for NSCLC (4). However, the 5-year survival rate
of patients with NSCLC is ~26% due to chemotherapy resis-
tance (5). Cisplatin (DDP)-based therapy is the most widely
used regimen for advanced NSCLC (6). Therefore, the reversal
of DDP resistance should be addressed to improve the treat-
ment efficacy of NSCLC.

Disulfiram (DSF), a drug used for the treatment of alcohol
dependence, inhibits activity of aldehyde dehydrogenase 1
(ALDHI) (7). DSF promotes tumor cell apoptosis and inhibits
tumor growth, tumor cell invasion and metastasis (8,9). In a
clinical trial, DSF was shown to prolong survival in patients
with metastatic NSCLC when added to a combination regimen
of DDP and vinorelbine (10). An additional study indicated
that DSF reverses DDP resistance in NSCLC by inhibiting
ALDHI1 expression (11). In view of the antitumor effect of DSF
in NSCLC, it is necessary to explore its antitumor molecular
mechanism of action.

DSF combined with copper (DSF/Cu) exhibits an anti-
tumor effect, which could inhibit proliferation of a variety of
tumor cells including melanoma, colorectal and lung cancer,
glioma and breast cancer (12-14). The antitumor effect of DSF
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requires the participation of Cu®'; its metabolite, diethyldi-
thiocarbamate (DTC), in vivo forms chelate complexes with
Cu*" (CuET). CuET promotes coagulation of nuclear protein
localization protein 4 and binds p97 protein, which affects
its function in tumor cells and leads to CuET degradation,
resulting in excessive accumulation of a large amount of waste
protein in the cell, leading to the death of tumor cells (15).
Cuproptosis is caused by direct binding of copper to the fatty
acylated components of the tricarboxylic acid cycle, resulting
in aggregation of fatty acylated proteins, loss of iron and sulfur
cluster proteins and changes in mitochondrial respiration
levels, which eventually leads to proteotoxic stress and cell
death (16). Solute carrier family 31 member 1 (SLC31A1) and
ATPase copper-transporting 3 (ATP7B), the key proteins of
the cell membrane that control copper metabolism and homeo-
stasis, trigger changes in intracellular copper concentration
and are key factors that lead to cuproptosis (16). Zhou et al (17)
demonstrated that DSF significantly upregulates expression of
programmed death-ligand 1 (PD-L1) in hepatocellular cancer
cells, which may enhance immunosuppression and immune
escape of tumors. According to GEO database (ncbinlm.nih.
gov/geo/), DSF significantly increased the level of ATP7B
in hepatocellular carcinoma, which inhibits cuproptosis to a
certain extent. Mi et al (18) indicated that downregulation of
ATP7B expression downregulates the hypoxia inducible factor
(HIF)-1 pathway, which downregulates PD-L1 expression.
PX478, an experimental HIF-1 inhibitor, causes significant
tumor regression and delays tumor growth in mice (19,20).
PX478 inhibits HIF-1a protein levels and transactivation in a
number of cancer cell lines (21). Cui et al (22) reported that a
combination of PX-478 and anti-PD-L1 exerts a tumor inhibi-
tion effect compared with single treatment in lung carcinoma.
Also, in renal cancer, subtype of succinate dehydrogenase B
(SDHB), a ferric sulfur subunit protein of mitochondrial
complex II that serves a key role in cuproptosis, is expressed
at low levels and PD-L1 exhibits nearly undetectable expres-
sion. Low expression of the SDHB is one of the primary
characteristics of cuproptosis, indicating that there may be an
association between cuproptosis and PD-L1 expression (23).

Therefore, the present study aimed to investigate whether
DSF upregulates the expression of ATP7B to activate the
HIF-1 signaling pathway, thereby inducing the upregulation
of PD-L1 expression and enhancing the effect of immunosup-
pression and immune escape of NSCLC. The present study
aimed to assess whether the combined treatment of DSF with
anti-PD-L1 could enhance the anticancer role of cuproptosis
induction caused by single treatment of DSF in inhibiting
NSCLC resistance.

Materials and methods

Cell culture. The human NSCLC cell line A549 was
obtained from American Type Culture Collection (cat.
no. CRM-CCL-185). The cells were cultured in RPMI-1640
supplemented with 10% fetal bovine serum (both Thermo
Fisher Scientific, Inc.) at 37°C with 5% CO,.

Cell treatment. A549 cells were treated with DSF (0.1, 0.2,
0.5, 1.0 and 2.0 M) in the presence or absence 0.2 uM CuCl,
at 37°C for 24 h. One experiment involved treatment of A549

cells with 2 pug/ml DDP in the presence or absence of DSF
treatment at 0.1 and 1.0 uM for 48 h at 37°C. An additional
experiment involved treatment of A549 cells with 2 ug/ml
DDP in the presence or absence of 1 M DSF and 5 uM JQ-1
(PD-L1 inhibitor) for 48 h at 37°C. Moreover, A549 cells were
treated in the presence or absence of 1 uM DSF (0.2 uM Cu?*)
and 5 pM JQ-1 for 48 h at 37°C. Finally, A549 cells were
treated in the presence or absence of 1 M DSF (0.2 uM Cu?*)
and 10 uM PX478 (HIF-1A inhibitor) for 48 h at 37°C.

Cell Counting Kit-8 (CCK-8) assay. A549 cells were seeded
in 96-well plates (2x10° cells/well) and continuously cultured
at 37°C for 24 h. Subsequently, cells were incubated with
CCK-8 solution (10 ul; Beyotime Institute of Biotechnology)
for 2 h at 37°C with 5% CO,. The absorbance of each well was
detected by a spectrophotometer at 450 nm.

Reverse transcription-quantitative (RT-q)PCR. Total RNA
was isolated from A549 cells using TRIzol® (Thermo Fisher
Scientific, Inc.) according to the manufacturer's specification.
cDNA was synthesized from RNA using the TransScript
All-in-One First-Strand cDNA Synthesis kit (TransGen Biotech
Co. Ltd.) according to the manufacturer's instructions. The
relative expression levels of each gene were detected by gPCR
using SYBR® Premix EX Tagq™ kit (Takara Bio, Inc.) in an
ABI 9600 (Applied Biosystems; Thermo Fisher Scientific, Inc.)
thermal cycler according to the manufacturer's instructions and
quantified by 2-22%4 (24). The following were the thermocycling
conditions: Initial denaturation at 95°C for 3 min; followed
by 40 cycles of denaturation at 95°C for 30 sec, annealing
at 60°C for 30 sec and extension at 72°C for 30 sec. The primer
sequences were as follows: ATP7B forward, 5'-CCTCCTCTC
CCGGGACTTTA-3' and reverse, 5S"TGGCAAGTCATGCCC
AAGAT-3"; PD-L1 forward, 5"TTTGCTGAACGCCCCAT
ACA-3' and reverse, 5'-GGAATTGGTGGTGGTGGTCT' and
GAPDH forward 5'-GGGAAACTGTGGCGTGAT-3' and
reverse, 5'-GAGTGGGTGTCGCTGTTGA-3'. GAPDH was
used as an internal control.

Western blot analysis. A549 cells were collected, lysed in
RIPA buffer (Beyotime Institute of Biotechnology, Shanghai,
China) and centrifuged at 12,000 x g at 4°C for 10 min to
obtain supernatant. The levels of the proteins in the super-
natant were analyzed by bicinchoninic acid protein assay Kkit.
The protein (30 pug/lane) were separated by 10% SDS-PAGE,
transferred onto a polyvinylidene fluoride membrane and
blocked with 5% skimmed milk in 0.1% TBS-Tween-20 for
1 h at room temperature. The membranes were incubated with
the following primary antibodies: ATP7B (cat. no. ab124973;
1:1,000; Abcam), PD-L1 (cat. Ono. ab213524; 1:1,000;
Abcam), ferredoxin-1 (FDXI1; cat. no. 12592-1-AP; 1:1,000;
Proteintech), SLC31A1 (cat. no. ab129067; 1:1,000; Abcam),
SDHB (cat. no. ab175225; 1:50,000; Abcam), HIF-1A
(cat. no. #36169; 1:1,000; Cell Signaling Technology) and
GAPDH (cat. no. ab9485; 1:2,500; Abcam) overnight at 4°C.
Subsequently, the membranes were washed with TBST and
incubated with horseradish peroxidase-conjugated secondary
antibody (cat. no. ab6721; 1:2,000; Abcam) for 1 h at room
temperature. The protein bands were visualized by an
enhanced chemiluminescence kit (Thermo Fisher Scientific,
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Figure 1. Effect of DSF on viability and expression of ATP7B and PD-L1 of A549 cells. (A) Viability of A549 cells treated with DSF and/or Cu** was
detected by Cell Counting Kit-8 assay. (B) mRNA expression of ATP7B and PD-L1 in A549 cells treated with DSF and/or Cu** was detected by reverse
transcription-quantitative PCR. (C) Expression of ATP7B and PD-L1 in A549 cells treated with DSF was detected by western blot. (D) The protein expression
of ATP7B and PD-L1 in A549 cells treated with DSF and Cu?* was detected by western blot. "P<0.05, “P<0.01 and "“P<0.001 vs. A549. DSF, disulfiram;

ATP7B, ATPase copper-transporting (3; PD-L1, programmed death-ligand 1.

Inc.) and quantified by Image J 1.8.0 software (National
Institutes of Health).

Flow cytometry. The apoptosis of A549 cells was detected
by flow cytometry using an Annexin V/propidium iodide
(PI) kit (Guangzhou RiboBio Co., Ltd.). Briefly, A549
cells were collected and washed with ice-cold PBS twice.
Subsequently, A549 cells were resuspended in 100 ul binding
buffer (2x10° cells) and stained with 5 ul Annexin V and 5 ul
PI at 4°C for 15 min in the dark. Finally, a flow cytometer
(FACSCalibur; BD Biosciences) and Flowjo vX.0.7 software
(FlowJo LLC) were used to detect the apoptosis of A549 cells.
The apoptotic rate was calculated using the formula: Apoptotic
rate=Q2+Q3.

Detection of oxidative stress. A549 cells were lysed in cell
lysis solution (Beyotime Institute of Biotechnology), then
centrifuged at 10,000 x g at 4°C for 10 min to obtain the cell
supernatant. The levels of reactive oxygen species (ROS),
malondialdehyde (MDA) and superoxide dismutase (SOD)
were determined in the supernatant of A549 cells with ELISA
kits (cat. no. E004-1-1; Nanjing Jiancheng Bioengineering
Institute), MDA assay kits (cat.no. AO03-1-2; Nanjing Jiancheng
Bioengineering Institute) and SOD assay kits (cat. no. S0086;
Beyotime Institute of Biotechnology) (Beyotime Institute of
Biotechnology) according to the manufacturer's instructions.

Statistical analysis. The data are presented as mean + stan-
dard deviation of three independent experimental repeats.


https://www.spandidos-publications.com/10.3892/ijmm.2023.5343
https://www.spandidos-publications.com/10.3892/ijmm.2023.5343

4 LI et al: DISULFIRAM AND ANTI-PD-L1 ABOLISHES NSCLC RESISTANCE

>

B

A549+DPP A549+DPP

= 150 EH 0.1 uM DSF+DPP . g A549+JQ-1+DPP
& BR 1 uM DSF+DPP 8 1 M BSF+DEP
2> = 1 uM DSF+JQ-1+DPP
8 100 £ 100
> >
E 5 3
50 R 50
2 5 2
k] K ©
g o = £ 0

0 12 24 48 Time (h)

@

o
o

5 c
@ ATP7B 2 PD-L1
[%] [%]
" 1) [}
aTp7s | - -— — 520 )
3 3
> = c15 c
i s £
PD-L1 B I
a1.0 5
E05 :'
. o
GAPDH E e
2 . : g .
o +0 o +0 B o +0 o +0 = o + 0 o + 0
o 20 o wa 3 a 2a o Lo 3 a 2a o Lo
a 3 a [a) [ ga) & a 3Ja a [ ¥a) T o Ja a 9o
+ < * + o+ + < * + o F + < * + o+
2 b3 e =% 2 by b s 2 T L ST
P *] 2 20 D g 8 =g D g 28 =g
= = =
=5 3 3
- - -

Figure 2. Effect of combination of DSF and JQ-1 on viability and expression of ATP7B and PD-L1 in A549 cells. The viability of DPP-induced A549 cells
treated with (A) DSF and (B) JQ-1 and/or DSF was detected by Cell Counting Kit-8 assay. (C) Protein expression of ATP7B and PD-L1 in A549 cells treated
with JQ-1 and/or DSF was detected by western blot. “P<0.05, ““P<0.001 vs. A549 + DPP. #P<0.05 and *#P<0.001 vs. 1 uM DSF + DPP. DSF, disulfiram;
ATP7B, ATPase copper-transporting 3; PD-LI, programmed death-ligand 1; DPP, cisplatin.
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Figure 3. Effect of DSF and/or JQ-1 on viability and apoptosis of A549 cells. (A) Viability of A549 cells treated with DSF/Cu?* and/or JQ-1 was detected by
Cell Counting Kit-8 assay. (B) Apoptosis of A549 cells treated with DSF/Cu?" and/or JQ-1 was detected by (C) flow cytometry. “P<0.01, ““P<0.001 vs. A549.
#P<0.05, *##P<0.001 vs. A549 + DSF/Cu*. DSF, disulfiram.
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Figure 4. Effect of DSF and/or JQ-1 on oxidative stress and cuproptosis of A549 cells. Levels of (A) ROS, (B) MDA and (C) SOD in A549 cells treated with
DSF/Cu* and/or JQ-1 were detected by commercial assay kits. (D) Expression of cuproptosis-associated proteins in A549 cells treated with DSF/Cu?* and/or
JQ-1 was detected by western blot. ““P<0.001 vs. A549. "P<0.05 and "*P<0.001 vs. A549 + DSF/Cu*. DSF, disulfiram; ROS, reactive oxygen species; MDA,
malondialdehyde; SOD, superoxide dismutase; FDX1, ferredoxin-1; ATP7B, ATPase copper-transporting §; SLC31A1, solute carrier family 31 member 1;
SDHB, succinate dehydrogenase B; PD-L1, programmed death-ligand 1; HIF-1A, hypoxia inducible factor-1A.

Statistical analysis was performed using GraphPad Prism 8.0.1
(GraphPad Software, Inc.; Dotmatics). Statistical differences
were evaluated by one-way analysis of variance followed by
Tukey's post hoc test. P<0.05 was considered to indicate a
statistically significant difference.

Results

DSF decreases cell viability and upregulated expression
levels of ATP7B and PD-LI of A549 cells. DSF suppressed
the viability of A549 cells; the inhibitory effect of DSF on
the viability of A549 cells was enhanced by CuCl, (Fig. 1A).
In the presence or absence of CuCl,, the expression levels of
ATP7B and PD-L1 were upregulated in A549 cells by DSF
(Fig. 1B-D). Not only did CuCl, significantly inhibit the cell
viability, but also significantly up-regulate the expression
levels of ATP7B and PD-L1.

The combination treatment of DSF and JQ-1 decreased the
viability and the expression of PD-LI in A549 cells. DSF
improved the viability of DPP-treated A549 cells at 48 h
(Fig. 2A). JQ-1 suppressed the viability of DPP-treated A549
cells treated with DSF at 24 and 48 h (Fig. 2B). DSF increased
expression levels of ATP7B and PD-L1. JQ-1 exhibited no
significant effect on ATP7B expression but inhibited expres-
sion levels of PD-L1 in DPP-treated A549 cells (Fig. 2C).

The combination treatment of DSF and JQ-1 decreased
the viability and induced the apoptosis in A549 cells.
Combination of DSF and JQ-1 suppressed the viability of
A549 cells (Fig. 3A). JQ-1 promoted the apoptosis of A549
cells and DSF suppressed apoptosis. The combined effect
on apoptosis of A549 cells caused by DSF and JQ-1 was
more potent than that caused by single treatment of JQ-1
(Fig. 3B and C).
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Figure 5. Effect of PX478 on viability and apoptosis of DSF-treated A549 cells. (A) Viability of A549 cells treated with DSF/Cu?* and/or PX478 was detected
by Cell Counting Kit-8 assay. (B) Apoptosis of A549 cells treated with DSF/Cu?* and/or PX478 was detected by (C) flow cytometry. “P<0.01 vs. A549.

###P<0.001 vs. A549 + DSF/Cu*". DSF, disulfiram.

Combination treatment of DSF and JQ-1 promoted the
oxidative stress and cuproptosis of A549 cells. DSF and
JQ-1 independently increased levels of ROS and MDA, while
decreased levels of SOD in A549 cells. The combined treatment
of DSF and JQ-1 further increased levels of ROS and MDA,
while decreasing levels of SOD in A549 cells (Fig. 4A-C).
JQ-1 upregulated expression of FDX1 and SLC31A1, while it
downregulated the expression of ATP7B, SDHB, PD-L1 and
HIF-1A in A549 cells. DSF caused an upregulation in expres-
sion levels of FDX1, ATP7B, SLC31A1, PD-L1 and HIF-1A,
while it downregulated expression levels of SDHB in A549
cells. The combination of DSF and JQ-1 increased expression
levels of FDX1 and SLC31A1, while suppressing expression of
ATP7B, SDHB, PD-L1 and HIF-1A in A549 cells (Fig. 4D).

PX478 decreases viability and promoted the apoptosis in
DSF-treated A549 cells. PX478 increased the effect of DSF
and enhanced the inhibitory effect on the viability of A549
cells (Fig. 5A). DSF promoted apoptosis and PX478 enhanced
the effect of DSF on the induction of apoptosis in A549 cells
(Fig. 5B and C).

PX478 promotes oxidative stress and induced cuproptosis
in DSF-treated A549 cells. DSF increased levels of ROS and
MDA, while decreasing the levels of SOD in A549 cells. PX478
upregulated the levels of ROS and MDA, while downregulating

SOD in DSF-treated A549 cells (Fig. 6A-C). The expression
levels of FDX1, ATP7B, SLC31A1, PD-L1, and HIF-1A were
increased, while those of SDHB were decreased in A549
cells treated with DSF. PX478 promoted the expression levels
of FDX1 and SLC31Al, while suppressing expression levels
of ATP7B, PD-L1 and HIF-1A in DSF-treated A549 cells
(Fig. 6D).

Discussion

A number of studies have confirmed that DSF exerts anticancer
activity via the induction of cell apoptosis by Cu®* (25,26). The
present study indicated that DSF/Cu?* inhibited the viability
of A549 cells to a greater extent than single treatment with
DSF. In the presence or absence of Cu?, the effects of DSF
on the expression levels of ATP7B and PD-L1 were not
significant. Hassani ez al (27) used DSF/Cu to treat acute
myeloid leukemia cell lines, confirming that DSF/Cu inhibited
the proliferation of these cells in a concentration-dependent
manner. Papaioannou et al (28) used DSF combined with
1 umol/l Cu to treat six ovarian cancer cell lines, which
promoted cell death.

DSF causes a significant upregulation in expression of
PD-L1 in hepatocellular cancer cells, which may enhance
immunosuppression and immune escape of tumors (17). The
present study indicated that following pretreatment with DSF,
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Figure 6. Effect of PX478 on oxidative stress and cuproptosis of DSF-treated A549 cells. Levels of (A) ROS, (B) MDA and (C) SOD in A549 cells treated
with DSF/Cu? and/or PX478 were detected by commercial assay kits. (D) Expression of cuproptosis-associated proteins in A549 cells treated with DSF/Cu*
and/or PX478 was detected by western blot. “P<0.01 and "“P<0.001 vs. A549. #*P<0.001 vs. A549 + DSF/Cu*. DSF; ROS, reactive oxygen species; MDA,
malondialdehyde; SOD, superoxide dismutase; FDX1, ferredoxin-1; ATP7B, ATPase copper-transporting §; SLC31A1, solute carrier family 31 member 1;
SDHB, succinate dehydrogenase B; PD-L1, programmed death-ligand 1; HIF-1A, hypoxia inducible factor-1A.

the viability of DPP-treated A549 cells was improved by
upregulating expression levels of ATP7B and PD-L1, which
was consistent with previous studies (29,30). It was hypoth-
esized that although DSF independently demonstrated tumor
inhibitory activity, it upregulated the expression levels of
PD-LI to enhance immunosuppression and immune escape of
tumors.

A previous study indicated that combination of anti-PD-L1
anticancer therapy with DSF promotes the anticancer effect of
anti-PD-L1 on breast cancer (29). However, it is possible that
the overall anticancer effect may be weakened by upregulation
of PD-L1 expression by DSF treatment. Following combined
treatment of cells with anti-PD-L1, DSF alone was more effi-
cient in inducing cuproptosis and anticancer effects. Moreover,
anti-PD-L1 promoted and improved the anticancer effect of
DSF. The present study indicated that addition of JQ-1 (PD-L1
inhibitor) further inhibited viability of A549 cells; however,

when A549 cells were pretreated with DSF, JQ-1 reversed the
increased DPP resistance of A549 cells caused by upregula-
tion of PD-L1 expression.

A previous study demonstrated that overexpression of
ATP7B decreases accumulation and accelerates efflux of Cu,
which decreases the effects of DSF on cancer cells. The HIF-1
signaling pathway is suppressed in ATP7B-knockout HepG2
cells (18). HIF-1 is a DNA-binding protein involved in cell
signal transduction under hypoxic conditions in vivo. The A
subunit of HIF-1 is induced and activated by hypoxia to control
activity of HIF-1 and regulate its expression (31). PD-L1 is an
important factor mediating the immune response of the body.
Following combination with PD-1, the expression of tyrosine
phosphatase non-receptor type 11 protein is increased via
tyrosine-based switch motif to promote phosphorylation of
several key molecules of the T cell antigen receptor signaling
pathway and inhibit proliferation and activity of T cells. The
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expression of PD-L1 on the surface of tumor cells is an impor-
tant factor leading to immune escape of tumor cells (32,33).
Zhao et al (34) demonstrated that inhibition of enhancer of
zeste homolog 2 expression inhibits the expression of PD-L1
by decreasing levels of HIF-1A, indicating that both PD-L1
and HIF-1A are associated with occurrence and development
of NSCLC. Previous studies have shown that HIF-1A induces
immune tolerance of tumor cells and promotes malignant
development of cancer by regulating PD-L1 expression under
hypoxic conditions (35-37). In the present study, HIF-1 inhib-
itor PX478 was used to investigate the protective effect caused
by treatment with DSF on NSCLC. PX478 acted with DSF to
suppress cell viability and oxidative stress and promote apop-
tosis and cuproptosis of A549 cells. However, there are several
limitations in the present study. A single cell line, which was
established in cell culture, was used; our future experiments
will verify the present findings and potential mechanism in
other NSCLC cell lines. In addition, the present results require
confirmation using animals, as well as clinical studies.

In conclusion, DSF inhibited viability and promoted
expression of ATP7B and PD-L1 in A549 cells. The viability
of DPP-treated A549 cells was increased following DSF
treatment. JQ-1 and PX478 promoted the ability of DSF to
suppress cell viability and enhanced the induction of oxida-
tive stress, as well as induction of apoptosis and cuproptosis
of A549 cells. Overall, combination of DSF with anti-PD-L1
treatment increased the induction of cuproptosis caused by
DSF in NSCLC, which reveals a novel mechanism underlying
the combined antitumor effect of DSF with anti-PD-L1 treat-
ment and may facilitate discovery of a lead compound or drug
candidate for the development of novel antitumor drugs.
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