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The anti-alcohol dependency
drug disulfiram inhibits the
viability and progression of
gastric cancer cells by
regulating the Wnt and
NF-jB pathways
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Abstract

Objective: Disulfiram is commonly used for alcohol abuse; however, recent studies have

revealed its potential as an anti-cancer treatment. This study investigated the effects of disulfiram

on gastric cancer and its underlying mechanisms of action.

Methods: The gastric cancer cell lines MKN-45 and SGC-7901 were used for all experiments.

Cell proliferation was investigated using cell counting kit-8, cell migration and invasion were

examined using Transwell assays, the proliferation and metastasis related proteins PCNA and

MMP-2, respectively, were detected by ELISA. To explore the underlying molecular mechanisms,

we also examined levels of proteins involved in the Wnt and NF-jB pathways by ELISA.

Results: Disulfiram significantly inhibited the proliferation, migration, and invasion of gastric

cancer cells and decreased PCNA and MMP-2 levels. Additionally, disulfiram-treated MKN-45

and SGC-7901 cells showed reduced expression of Wnt, b-catenin, and NF-jB.
Conclusion: Disulfiram regulates the Wnt and NF-jB pathways, and thus could be a potential

treatment for managing gastric cancer.
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Introduction

Gastric cancer (GC) is a leading cause of

cancer-related death; according to statistics

from the American Cancer Society, the inci-

dence of gastric cancer ranks fifth among

digestive system cancers.1 Meanwhile, in

East Asia, it has been estimated that gastric

cancer is the second most commonly diag-

nosed cancer, and it ranks third among

tumor-related deaths for both genders.2

Disulfiram, also known as Antabuse, is

used as an anti-alcohol dependency drug

due to its inhibitory effect on acetaldehyde

dehydrogenase.4,5 Recent preclinical studies

have revealed the potential role of disulfi-

ram in targeting malignancies such as

breast cancer, myeloma, and pancreatic

cancer.4–7 Additionally, it has been reported

that disulfiram can reverse drug resistance,

inhibit DNA methylation, and induce apo-

ptosis.8,9 However, its effects on gastric

cancer have yet to be elucidated.

Therefore, we performed this study on

disulfiram as a candidate anti-tumor

agent, with the aim of exploring its role in

the proliferation, migration, and invasion

of GC cells; to further explore its molecular

mechanisms, we also investigated compo-

nents of the Wnt and NF-jB pathways.

Materials and methods

Cell lines

The gastric cancer cell lines GES, MNK-45,

and SGC-7901 were obtained from Xiangya

Medical College at Central South University.

Reagents

Disulfiram was purchased from Sigma-

Aldrich (St. Louis, MO, USA). RPMI-

1640 medium, fetal bovine serum (FBS),

and Matrigel were purchased from Gibco

(Gaithersburg, MD, USA). Matrigel and

Transwell chambers were purchased from

Costar Inc. (Corning, NY, USA). Rabbit

antibodies against MMP-2, PCNA, Wnt,

b-catenin, and NF-jB were purchased

from Santa Cruz Biotechnology (Dallas,

TX, USA), and anti-rabbit secondary anti-

body and cell counting kit-8 (CCK-8) were

obtained from Beyotime Biotechnology

(Haimen, China).

Cell culture

Cells were cultured in complete medium

(RPMI-1640 with 10% FBS) at 37�C in

5% CO2 and 100% relative humidity.

CCK-8 proliferation assay

To investigate the effects of disulfiram on

the proliferation of gastric cancer cells,

CCK-8 assays were performed. Briefly,

cells in exponential growth phase were col-

lected and processed into a single cell sus-

pension using 0.25% trypsin, and then were

seeded at 1� 104 cells/well in 96-well plates

with culture medium containing disulfiram.

After 24, 48, 72, and 96 hours, 10 lL of

CCK-8 solution was added, and absor-

bance was measured after a 2-hour incuba-

tion at 37�C.

Transwell assays

To evaluate the migration and invasion

abilities of cells treated with disulfiram,

Transwell assays were conducted. Briefly,

Transwell chambers were added to 24-well

plates containing 0.1% BSA-RPMI 1640,

followed by the addition of 100 lL of cell

suspension into the chambers with
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disulfiram at different concentrations (0,

12.5, 25, 50, and 100 lmol/L). After 12

hours, the chambers were removed, fixed

in formalin, and stained. Subsequently,

cells on the surface of the permeable mem-

brane were removed, and samples were

processed in neutral balsam. The number

of cells penetrating from the chambers was

counted from five different randomly select-

ed fields of each membrane. To evaluate the

invasiveness of cancer cells, 5 lg of Matrigel

was added to the surface of a permeable

membrane to form a basement membrane.

Subsequently, the Transwell assay was per-

formed as above.

ELISA analysis

ELISAs were performed in accordance with

the instructions supplied by the manufac-

turer. Briefly, cell culture supernatants and

standard proteins were added to a multi-

well plate, coated, and then incubated for

2 hours. Plates were then washed with

washing buffer (Tween 20 in phosphate-

buffered saline; Sigma-Aldrich). Next, a

biotin-labeled antibody was added to each

well and incubated for another 2 hours.

ELISA plates were then washed, and a

streptavidin-horseradish peroxidase solu-

tion was added. After adding tetramethyl-

benzidine (Sigma-Aldrich), a color reaction

was achieved. Optical density was measured

at 450 nm on an ELISA plate-reader.

Statistical analysis

All experiments were repeated at least three

times. Acquired data were analyzed with

SPSS Statistics for Windows, version 24.0

(IBM Corp., Armonk, NY, USA) and plot-

ted using GraphPad Prism 6.0 (GraphPad

Software, Inc., San Diego, CA, USA). One-

way ANOVA or Student’s t-tests were used

to compare the experimental and control

groups. A p-value <0.05 was considered

statistically significant.

Results

Disulfiram inhibited the proliferation of

gastric cancer cells

To determine the effective concentration of

disulfiram, we tested the inhibition rate of

different disulfiram concentrations (0, 10,

25, 50, 75, 100, and 125 lmol/L) on GES,

MKN45 and SGC-7901 cells using the

CCK-8 assay. The results showed that

50 lmol/L disulfiram was the IC50 value.

Then, the CCK-8 assay was used to evalu-

ate the effect of different disulfiram concen-

trations (0, 25, 50, and 75 lmol/L) on the

proliferation of gastric cancer cells. As

shown in Figure 1, disulfiram significantly

inhibited the proliferation of gastric cancer

cells in vitro (p<0.05), and exhibited a cor-

responding concentration-dependent inhi-

bition of cell growth with increasing

disulfiram concentrations. Finally, we eval-

uated PCNA levels, a biomarker of prolif-

eration, by ELISA. The results showed that

disulfiram significantly inhibited PCNA

expression.

Disulfiram inhibited the migration and

invasion potential of gastric cancer cells

To determine the effect of disulfiram on

migration and invasion, Transwell assays

were performed. Consequently we

observed that disulfiram significant inhib-

ited the migration and invasion of gastric

cancer cells. As shown in Figure 2, cell

migration was significantly decreased at

higher disulfiram concentrations (p<0.05).

Furthermore, the invasion ability of gastric

cancer cells was also significantly inhibited

at higher disulfiram concentrations

(p<0.05). Additionally, we evaluated

MMP-2 expression, a biomarker for migra-

tion and invasion, by ELISA. These results

showed that disulfiram significantly inhib-

ited MMP-2 expression (Figure 3).
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Disulfiram regulated the Wnt and NF-jB
pathways

To investigate whether disulfiram regulates

Wnt and NF-jB signaling in GC cells, cellu-

lar proteins were extracted from cells treated

with disulfiram at different concentration as

well as from the cells in the control group.

The levels of specific proteins were measured

by ELISA. The results showed that disulfi-

ram inhibited the expression of Wnt, b-cate-
nin, and NF-jB in both cell lines compared

with the control groups (Figure 4).

Discussion

In this in vitro study, we found that disulfi-

ram inhibited the proliferation of both the

GC cell lines MKN-45 and SGC 7901. This

finding was supported by ELISA, which

showed decreased expression of PCNA,

which is a marker of proliferation,10 after

disulfiram treatment. We also observed

inhibitory effects of disulfiram on the

migration and invasion of GC cells, which

was supported by also finding decreased

MMP-2 expression, which is correlated

with migration and invasive potential.11

As we further explored the molecular mech-

anism, we found that the Wnt and NF-jB
signaling pathways were downregulated by

disulfiram.
Disulfiram is clinically used to treat alco-

holism due to its inhibitory effect on acet-

aldehyde dehydrogenase, causing strong

and unpleasant symptoms such as flushing,

Figure 3. a,b: The invasion of gastric cancer cells was inhibited by disulfiram in a dose-dependent manner.
c: ELISA results showed that disulfiram significantly inhibited MMP-2 expression (*p<0.05).

Figure 2. a,b: The migration of gastric cancer cells was inhibited by disulfiram in a dose-dependent manner
(*p<0.05).
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tachycardia, and headache after drinking
alcohol.12,13 More recently, disulfiram has
been shown to regulate a wide range of

malignancies. For example, Cong et al.6

reported that disulfiram was effective at
inhibiting the growth of pancreatic ductal
adenocarcinoma both in vitro and in vivo.
In the human body, disulfiram is catalyzed

into diethyldithiocarbamate, which has
been shown to chelate into Cu2þ-containing
complexes. These complexes have been
reported to inhibit proteasome activity
and elevate radical oxygen species;14 thus,

disulfiram influence the activities of
cancer cells.

Abnormal activation of canonical Wnt/

b-catenin signaling has been observed in
carcinomas of the breast, prostate, lung,
and other tissues.15,16 In this signaling path-
way, Wnt ligand is a secreted glycoprotein
that binds to membrane receptors.

Following ligand engagement, b-catenin
translocates to the nucleus and form a tran-
scriptional complex, which subsequently
activates Wnt target genes that facilitate
cell proliferation and/or metastasis.17 In

the absence of Wnt, b-catenin is degraded
by a destruction complex comprising Axin,
glycogen synthase kinase 3, adenomatosis
polyposis coli, and other scaffold and adap-
tor proteins.18–21 When Wnt ligands bind to
their membrane receptors, proteins

including Dishevelled are recruited and
activated, which leads to the polymerization
and inactivate of the destruction complex.

Together, these changes lead to the stabili-
zation and accumulation of b-catenin. It
has also been observed in breast cancer
cells that the epithelial-to-mesenchymal
transition-related protein SNAI2 is stabi-

lized by Wnt ligands in the same
manner.22 ASPP2 is a metastasis-related
protein, and Wang et al.23 reported that
ASPP2 directly binds to the b-catenin/E-
cadherin complex. Additionally, they

found that ASPP2 inhibited the N-terminal
phosphorylation of b-catenin, preventing it
from degradation.

The NF-jB pathway regulates apoptosis
and is closely related to tumor initiation,
growth, and metastasis.24 NF-jB controls
the transcription of cellular DNA and par-
ticipates in cellular responses to noxious

stimuli. NF-jB is commonly overexpressed
in cancer cells, and aberrant NF-jB activa-
tion reduces the eradication of cancer cells
by the immune system and promotes metas-
tasis. Additionally, NF-jB expression

results in decreased apoptosis by regulating
the anti-apoptotic gene TRAF (tumor
necrosis factor receptor associated factor).
We found that both the Wnt and NF-jB
pathways, which are involved in cancer
cell proliferation, apoptosis, and

Figure 4. a-c: ELISA results showed decreased Wnt, b-catenin, and NF-jB expression in both gastric
cancer cell lines following disulfiram treatment.
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progression, were inhibited by disulfiram.

Taken together, we conclude that the inhib-

itory effects of disulfiram on gastric cancer

cells were associated with altering Wnt and

NF-jB signaling.
In summary, these results indicated that

disulfiram regulates the NF-jB and Wnt

pathways, thereby influencing the behavior

of gastric cancer cells. Disulfiram is a prom-

ising compound for treating gastric cancer,

but future in vivo studies are needed to fur-

ther test this hypothesis.
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