
INTRODUCTION

Colorectal cancer (CRC) is the third most prevalent cancer 
globally, in terms of incidence and mortality, with a concerning 
increase in morbidity and mortality rates (Biller and Schrag, 
2021; Piao et al., 2022; Sahin et al., 2022; Alese et al., 2023). 
This escalating trend poses a significant public health threat 
worldwide. Following an initial diagnosis, 20% of patients 
with CRC progress to metastatic disease, and an additional 
25% with initially localized disease subsequently experience 
metastasis (Biller and Schrag, 2021; Alese et al., 2023). Cur-
rently, surgical resection and chemoradiotherapy represent 
the primary treatment modalities, with surgery being the sole 
curative option. A notable recurrence rate persists despite rad-
ical surgery, and CRC demonstrated significant chemotherapy 
resistance (Alese et al., 2023). Consequently, innovative and 

more effective approaches in the current management of CRC 
are urgently required.

The MAP kinase signaling pathway, comprising the ERK, 
JNK, and p38 cascades, plays a pivotal role in regulating vari-
ous cellular processes, including proliferation, differentiation, 
and apoptosis (Dhillon et al., 2007; Braicu et al., 2019). MAP 
kinase pathway dysregulation has been associated with CRC 
initiation and progression (Fang and Richardson, 2005; Dhil-
lon et al., 2007; Ponsioen et al., 2021). Genetic alterations, 
such as mutations in KRAS and BRAF, frequently activate this 
pathway, thereby contributing to uncontrolled cell growth and 
apoptosis evasion (Midthun et al., 2019). Elucidating the in-
tricate interplay within the MAP kinase signaling cascade in 
the context of CRC is crucial for determining novel therapeutic 
targets and advancing precision medicine approaches. JAK2-
STAT3 signaling plays a crucial role in CRC progression, in 
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Colorectal cancer (CRC) continues to demonstrate high incidence and mortality rates, emphasizing that implementing strategic 
measures for prevention and treatment is crucial. Recently, the dopamine receptor D2 (DRD2), a G protein-coupled receptor, has 
been reported to play multiple roles in growth of tumor cells. This study investigated the anticancer potential of domperidone, a 
dopamine receptor D2 antagonist, in HCT116 human CRC cells. Domperidone demonstrated concentration- and time-dependent 
reductions in cell viability, thereby inducing apoptosis. The molecular mechanism revealed that domperidone modulated the 
mitochondrial pathway, decreasing mitochondrial Bcl-2 levels, elevating cytosolic cytochrome C expression, and triggering cas-
pase-3, -7, and -9 cleavage. Domperidone decreased in formation of β-arrestin2/MEK complex, which contributing to inhibition of 
ERK activation. Additionally, treatment with domperidone diminished JAK2 and STAT3 activation. Treatment of U0126, the MEK 
inhibitor, resulted in reduced phosphorylation of MEK, ERK, and STAT3 without alteration of JAK2 activation, indicating that dom-
peridone targeted both MEK-ERK-STAT3 and JAK2-STAT3 signaling pathways. Immunoblot analysis revealed that domperidone 
also downregulated DRD2 expression. Domperidone-induced reactive oxygen species (ROS) generation and N-acetylcysteine 
treatment mitigated ROS levels and restored cell viability. An in vivo xenograft study verified the significant antitumor effects of 
domperidone. These results emphasize the multifaceted anticancer effects of domperidone, highlighting its potential as a promis-
ing therapeutic agent for human CRC. 
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addition to MAP kinase signaling (Mengie Ayele et al., 2022). 
Notably, STAT3 demonstrates a distinct characteristic in CRC, 
considering that the interleukin-6/STAT3 signaling axis plays a 
pivotal role as a key inflammatory mechanism in colitis-asso-
ciated cancer (Mengie Ayele et al., 2022). Moreover, STAT3 
is markedly activated in CRC, amplifying cancer cell prolifera-
tion, tumor growth, invasion, and migration (Gargalionis et al., 
2021). These attributes emphasize STAT3’s potential as a 
promising target for therapeutic intervention.

Dopamine, a widely recognized neurotransmitter associ-
ated with diverse brain functions, such as rewards and mo-
tivation, has attracted attention in medical studies (Dalton et 
al., 2005). Intriguingly, research indicates a lower cancer inci-
dence in patients with schizophrenia treated with dopamine 
receptor antagonists and a reduced susceptibility to most 
cancers in individuals with Parkinson’s disease (Driver et al., 
2007). These observations indicate the presence of dopamine 
receptors in peripheral tissues, and blocking these receptors 
may help decrease cancer risk. Notably, psychotropic drug 
screening identified phenothiazines to have anticancer prop-
erties as early as 1978 (Barone, 1999).

Dopamine receptor D2 (DRD2), a specific dopamine re-
ceptor subtype, is upregulated in various cancers (Mu et al., 
2017; Gholipour et al., 2018; Pierce et al., 2021; Shakya et al., 
2023). Upon dopamine binding to DRD2, β-arrestin plays a 
crucial role in desensitizing and internalizing activated DRD2 
and regulating downstream signaling. This pathway, particu-
larly relevant in cancer because of DRD2 upregulation in vari-
ous cancers, provides insights into the dynamic modulation of 
dopamine signaling and its potential impact on cancer-related 
processes, including cancer initiation, promotion, progression, 
and metastasis (Mu et al., 2017; Gholipour et al., 2018; Pierce 
et al., 2021; Shakya et al., 2023).

This study explored the effect of domperidone on the apop-
tosis of HCT116 CRC cells, focusing on the DRD2-MAPK and 
STAT3 signaling pathways.

MATERIALS AND METHODS

Cell cultures
The American Type Culture Collection (Manassas, VA, 

USA) provided HCT116, a human colorectal carcinoma cell 
line, maintained in Dulbecco’s Modified Eagle Medium supple-
mented with 10% (v/v) fetal bovine serum and 1% (v/v) peni-
cillin–streptomycin at 37°C in a humidified incubator with 5% 
CO2 and 95% air.

Reagents
Hyclone Laboratories (Logan, UT, USA) provided all cell 

culture reagents. Sigma-Aldrich (St. Louis, MO, USA) sup-
plied N-acetylcysteine (NAC) and the primary antibody 
against β-actin. Cell Signaling Technology, Inc. (Beverly, MA, 
USA) supplied primary antibodies specific for cleaved cas-
pase-9, caspase-7, caspase-3, cleaved PARP, cytochrome 
C, p-STAT3 (S727), p-STAT3 (Y705), STAT3, p-JAK2, JAK2, 
and cyclin D1. Santa Cruz Biotechnology (Dallas, TX, USA) 
provided antibodies against cyclin D1, D2, and D3. Novus 
Biologicals (Littleton, CO, USA) and Abcam (Cambridge, UK) 
supplied antisurvivin and anti-COX IV antibodies, respectively. 
Cell Signaling Technology, Inc. provided secondary antibodies 
conjugated with horseradish peroxidase. Invitrogen (Carlsbad, 

CA, USA) supplied 2’,7’-dichlorofluorescin diacetate (DCF-
DA). Thermo Fisher Scientific (Waltham, MA, USA) provided 
Hank’s balanced salt solution (HBSS).

Cell viability assay
Cell viability was identified as previously described (Kun-

du et al., 2014). Briefly, 2×103 cells per well were seeded in 
triplicate into a 96-well plate. Cells were exposed to differ-
ent domperidone concentrations for the indicated times in 
0.1 ml of media. A 20 µL (3-[4, 5-dimethylthiazol-2-yl]-5-[3-
carboxymethoxyphenyl]-2-[4-sulfophenyl]-2H-tetrazolium) so-
lution (MTS reagent; Promega, Madison, WI, USA) was then 
added and incubated for 1 h at 37°C in the dark. Finally, a 
Versamax microplate reader (Molecular Devices, San Jose, 
CA, USA) was used to identify cell viability by measuring ab-
sorbance at 490 nm.

Annexin V/propidium iodide (PI) staining assay
A fluorescein isothiocyanate-annexin V staining kit (BD 

Biosciences, San Jose, CA, USA) was used to identify the 
percentage of dead cells, following the manufacturer’s in-
structions. In brief, the cells were treated with domperidone 
as indicated in the figure legends. The cells were harvested 
and washed with phosphate buffer saline (PBS), followed by 
resuspension in binding buffer containing Annexin V and PI. 
Finally, flow cytometry (BD Biosciences) was used to deter-
mine the percentage of dead cells.

Assessment of intracellular reactive oxygen species (ROS) 
levels

Intracellular ROS levels were measured using DCF-DA 
fluorescence as described previously (Raut et al., 2021). In 
brief, the cells were stimulated with domperidone as indicated 
in the figure legends. The cells were washed with HBSS, fol-
lowed by incubation with DCF-DA of 25 µM for 30 min in the 
dark at 37°C. The cells were further washed with HBSS to 
remove excess DCF-DA, and either fluorescence microscopy 
or flow cytometry was used to identify intracellular ROS levels. 
An excitation wavelength of 480 nm and an emission wave-
length of 525 nm by flow cytometry was used to evaluate the 
fluorescence intensity of oxidized DCF.

Isolation of mitochondrial and cytoplasmic proteins
Cytoplasmic and mitochondrial protein fractions were ob-

tained after treating HCT116 cells with domperidone using the 
Mitochondria/Cytosol Fractionation Kit (BioVision Inc., Milpi-
tas, CA, USA) following the manufacturer’s instructions (Raut 
et al., 2021). Briefly, 2×106 cells were collected after domperi-
done treatment as indicated in the figure legends. The cells 
were washed with ice-cold PBS and centrifuged at 600 g for 
5 min at 4°C. The cells were resuspended in cytosolic buf-
fer and incubated on ice for 10 min. The homogenate was 
obtained by passing the cell suspension through a Dounce 
homogenizer. The homogenate was centrifuged at 700 g for 
10 min at 4°C, and the supernatant was further centrifuged at 
10,000 g for 30 min at 4°C. The supernatant was considered 
to be the cytosolic fraction. The pellet was resuspended in a 
mitochondrial extraction buffer mix and vortexed for 10 s to 
prepare the mitochondrial fraction. Western blot analysis was 
used to identify the cytochrome C and Bcl-2 levels in the cyto-
plasm and mitochondria.



570https://doi.org/10.4062/biomolther.2024.048

Immunoblot assay
Cells were harvested and lysed using RIPA lysis buffer to 

obtain total cell lysates to identify the protein expression of tar-
get genes. A bicinchoninic acid protein assay kit (Pierce Bio-
technology, Rockford, IL, USA) was used to further quantify 
the lysates. A total cellular protein of 30-50 µg was resolved 
on 8-15% SDS-PAGE gels and transferred to polyvinylidene 
difluoride (PVDF) membranes for western blot analysis. The 
membranes were blocked with 5% (w/v) skim milk for 1 h and 
then incubated with primary antibodies (1:1,000 dilutions pre-
pared in TBS containing 0.1% Tween 20) overnight at 4°C. 
After washing with TBST, the membranes were incubated with 
appropriate secondary antibodies conjugated with horserad-
ish peroxidase (1:5,000) for 1 h. Hypersignal WesternBright 
ECL HRP substrate (Advansta, San Jose, CA, USA) or Super-
signal™ West Femto maximum sensitivity substrate (Thermo 
Fisher Scientific) was used to develop the membranes. fol-
lowing the manufacturer’s instructions. Finally, ImageQuant™ 
LAS 4000 (Fujifilm Life Science, Tokyo, Japan) was used to 
capture chemiluminescence images of the membranes.

Transient transfection with small interfering RNA (siRNA)
Cells were seeded at a density of 5×105 cells/100 mm 

dish. After overnight incubation, the cells were transfected 
with siRNA targeting STAT3 or control scrambled using Oli-
gofectamine™ transfection reagent (Thermo Fisher Scientific) 
following the manufacturer’s instructions. Western blot analy-
sis after 36 h of transfection was used to determine gene si-
lencing efficiency. This study obtained siRNA duplexes used 
from Bioneer (Daejeon, Korea). The nucleotide sequences 
of the STAT3 siRNA duplexes were 5′-UGUUCUCUGAGA-
CCCAUGA-3′ (forward primer) and 5′-UCAUGGGUCU-
CAGAGAACA-3′ (reverse primer).

Luciferase reporter gene assay
A dual-luciferase reporter assay system (Promega) was 

used for the luciferase reporter assay for STAT3, as described 
previously (Raut and Park, 2020). Briefly, HCT116 cells were 
seeded at a density of 3×105 cells/well onto a six-well plate. Af-
ter overnight incubation, cells were cotransfected with STAT3 
and Renilla luciferase plasmids using FuGENE HD transfec-
tion reagent (Promega) for 24 h, following the manufacturer’s 
instructions. The cells were further stimulated with the indicat-
ed domperidone concentrations for 24 h. The cells were lysed 
with passive lysis buffer and centrifuged at 13,000 rpm for 10 
min to obtain a whole-cell lysate. Finally, the luminescence of 
firefly and renilla was identified by adding luciferase assay re-
agent and Stop & Glo reagent, respectively, in 20 µL of cell ly-
sate using a multimode microplate reader (Tecan, Mannedorf, 
Switzerland). The values are expressed relative to the controls 
after normalization with renilla luciferase because the renilla 
luciferase plasmid acts as an internal loading control for trans-
fection efficiency.

Immunoprecipitations
Supernatants were incubated for 1 h with gentle rocking 

at 4°C by adding 1.0 µg of the appropriate control IgG (cor-
responding to the host species of the primary antibody) and 
20 µL of the corresponding suspended protein A/G-agarose 
(Santa Cruz Biotechnology) to eliminate nonspecific bind-
ing in tissue lysates. After centrifugation at 1,000 g for 30 s 
at 4°C, the supernatants containing protein of 200 µg were 

transferred to a microcentrifuge tube, and a primary antibody 
of 1.0 µg was added, followed by incubation for 2 h at 4°C. 
Protein A/G-agarose of 20 µL was then added and incubated 
at 4°C overnight with rotation. The immunoprecipitates were 
collected by centrifugation at 1,000×g for 30 s at 4°C, and the 
pellet was gently washed four times with a cell lysis buffer of 
1.0 ml. After the final wash, the supernatants were discarded, 
and the pellets were reconstituted in electrophoresis sample 
buffer for subsequent loading.

Development of HCT116 tumor xenograft
All animal experiments were performed following the guide-

lines of the Keimyung University Institutional Animal Care and 
Use Committee (KM2021-016). HCT116 tumor xenografts 
were prepared using 5-week-old (weight: 20-25 g) BALB/c 
nude mice (Orient Bio, Inc., Seongnam, Korea). HCT116 cells 
(2×106) suspended in PBS–Matrigel of 200 µL (in a 1:1 ratio) 
were injected into the right flank of BALB/c nude mice. The 
mice were randomly divided into the following three groups 
(n=5 for each group) when the tumor size reached approxi-
mately 150 mm3 in volume (10 days after cell injection): control 
(received corn oil) and domperidone treatment at 4 and 20 
mg/kg. Domperidone was intraperitoneally administered five 
times a week 22 days after cell injection during the treatment 
period (3 weeks). Similarly, tumor volume was assessed twice 
a week during treatment, and tumor volume was calculated 
using the following formula: V=(width)2×length/2.

Statistical analysis
Data are presented as the mean ± standard deviation of at 

least three independent experiments. Paired Student’s t-test 
or analysis of variance was used for statistical analysis. A p 
value <0.05 was considered statistically significant.

RESULTS

Domperidone induces apoptosis in HCT 116 CRC cells
An MTS assay was conducted to assess the association 

of domperidone with HCT116 cell viability, which revealed a 
significant concentration- and time-dependent reduction in 
cell viability (Fig. 1A, 1B). HCT116 cell treatment with dom-
peridone of 50 μM for 72 h inhibited growth by nearly 90% 
compared with control cells. The IC50 values for cell growth 
inhibition were 34.57 μM at 48 h for HCT116 cells. Fluores-
cence-activated cell sorting (FACS) was performed to detect 
the apoptotic cell population by double staining with Annexin 
V and PI to further determine the possible role of apoptosis in 
cell death by domperidone. FACS analysis following Annexin 
V/PI staining demonstrated an increase in apoptotic cells from 
3.78% to 48.67% with ascending concentrations of domperi-
done (5-25 and 50 μM) in HCT116 cells, indicating its potential 
anticancer effects (Fig. 1C, 1D).

Domperidone exerts apoptosis via the mitochondrial 
pathway

The intrinsic apoptotic pathway, or mitochondrial pathway, 
involves the release of cytochrome C from the mitochondria 
triggered by outer mitochondrial membrane permeabilization 
mediated by Bcl-2 (Wang and Youle, 2009). We examined 
Bcl-2 protein levels by immunoblotting to assess whether 
domperidone-induced apoptosis involves this pathway. Dom-
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peridone treatment decreased Bcl-2 levels while increasing 
cytochrome C expression in whole-cell lysates (Fig. 2A). Sub-
sequent mitochondrial fractionation confirmed a reduction in 
mitochondrial Bcl-2 expression and an elevation of cytosolic 
cytochrome C, indicating cytochrome C translocation from mi-
tochondria to the cytosol by domperidone (Fig. 2B, 2C). Ad-
ditionally, caspase-3, -7, and -9 cleavage and PARP protein 
fragmentation, observed through immunoblot analysis, indi-
cated domperidone-induced cell death through the mitochon-
drial apoptotic pathway (Fig. 2D). These results indicate that 
domperidone triggered apoptosis in HCT116 cells by modulat-
ing the mitochondrial apoptotic pathway.

Domperidone suppresses the MAP kinase signaling 
pathway

We investigated the effect of domperidone on MAP kinase 
signaling activation because of its potential role in regulating 

cell survival and apoptosis to elucidate the molecular mecha-
nism underlying the cytotoxic effect of domperidone in HCT116 
cells (Fang and Richardson, 2005; Dhillon et al., 2007; Oh et 
al., 2018). Domperidone treatment significantly inhibited MEK 
and ERK phosphorylation, with no effect on their total protein 
levels (Fig. 3A). We tested JAK2/STAT3 signaling, which is 
recognized for its involvement in cell survival and apoptosis 
pathways in the context of cancer cell death, in addition to 
MAP kinase signaling (Kundu et al., 2014; Mengie Ayele et al., 
2022; Park et al., 2022). STAT3 levels remained relatively un-
changed. However, we observed that STAT3 phosphorylation 
on Ser727 and Tyr705 decreased upon domperidone treat-
ment (Fig. 3A). We evaluated the JAK2 level, an upstream 
kinase of STAT3. The phosphorylated form of JAK2 was sig-
nificantly suppressed, whereas the JAK2 level remained con-
stant after domperidone exposure (Fig. 3A). Moreover, we 
validated the inhibitory effect of domperidone on STAT3 activ-
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ity using the STAT3 reporter gene assay (Fig. 3B). ERK1/2 
regulates STAT3 expression in oral cancer, indicating cross-
talk between the MAP kinase and STAT3 pathway (Gkouveris 
et al., 2014). We used the pharmacological MEK inhibitor 
U0126 to verify the crosstalk. Consistent with oral cancer find-
ings, U0126 treatment reduced MEK, ERK, and STAT3 phos-
phorylation, thereby confirming the crosstalk between MAP 
kinase signaling and STAT3. However, no significant altera-
tions were observed in JAK2 phosphorylation in U0126-treat-
ed HCT116 cells, indicating that domperidone targeted both 
MEK-ERK-STAT3 and JAK2-STAT3 signaling pathways (Fig. 
3C). Additionally, we identified the effect of domperidone on 
STAT3-dependent genes, including cyclin and survivin. Dom-
peridone significantly abrogated the expression of cyclin D1, 
D2, and D3 and survivin in HCT116 cells (Fig. 3D). Transient 
silence of STAT3 further confirmed the connection between 
STAT3 signaling and cyclin D1 and D2 expression (Fig. 3E). 
These results reveal that the cytotoxic effect of domperidone 
in HCT116 cells involves significant the MEK/ERK/STAT3 sig-
naling pathway inhibition.

Domperidone downregulates the DRD2-mediated 
signaling pathway

We observed a significant reduction in protein levels of 
DRD2 in HCT116 cells through immunoblot analysis to inves-
tigate the impact of domperidone on dopamine receptor D se-
ries expression (Fig. 4A). DRD2, known to be overexpressed in 
various cancer types, engages downstream effectors, includ-
ing the MAPK pathway, influencing cellular processes, such 
as proliferation, angiogenesis, and apoptosis (Mu et al., 2017; 
Gholipour et al., 2018; Pierce et al., 2021). Recent studies re-
vealed that GPCR ligand stimulation induced the formation of 
a GPCR-β-arrestin-MEK complex and MEK activation (Qu et 
al., 2021; Kim et al., 2022; Kahsai et al., 2023). The Western 
blot data in Fig. 4B and 4C show that domperidone treatment 
reduced the β-arrestin2-MEK complex levels, as evidenced by 
immunoprecipitation with antibodies to β-arrestin2 and MEK, 
respectively. Additionally, the data indicate that domperidone 
treatment did not influence the β-arrestin2 or MEK levels in-
dividually. Thus, the data indicate that DRD2 suppression by 
domperidone reduced β-arrestin2-MEK complex formation in 
HCT116 cells. These results indicate selective modulation of 
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the DRD2-β-arrestin2-MEK signaling cascade by domperi-
done in HCT116 cells.

Domperidone-induced ROS generation in HCT116 cells
Excessive ROS accumulation by several anticancer agents 

exerts anticancer activities (Perillo et al., 2020; Richa et al., 
2020). The investigation of the association between ROS gen-
eration and apoptosis by domperidone revealed a time- and 
concentration-dependent increase in ROS production within 
HCT116 cells upon domperidone exposure (Fig. 5A-5E). 
HCT116 cell treatment with NAC caused a notable reduction 
in domperidone-induced ROS generation (Fig. 6A, 6B). Ad-
ditionally, the decrease in cell viability caused by domperidone 
was restored upon NAC treatment (Fig. 6C). These results 

indicate that domperidone influences ROS accumulation, po-
tentially implicating it in cellular processes, including apopto-
sis, in HCT116 cells.

Domperidone demonstrates antitumor effects in an in 
vivo xenograft model

The antitumor properties of domperidone were further in-
vestigated in HCT116 tumor xenografts developed in BALB/c 
nude mice. Domperidone treatment at 4 and 20 mg/kg con-
centrations demonstrated a remarkable reduction in tumor 
cell growth in an in vivo xenograft model compared with the 
control group without changing body weight, highlighting its 
pronounced antitumor effects in vivo (Fig. 7A-7C).
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DISCUSSION

This study investigated the association of domperidone 
with HCT116 CRC cells, revealing compelling insights into its 
cytotoxic and antitumor effects. Our results revealed that dom-
peridone induced apoptosis in HCT116 cells, as evidenced by 
a significant concentration- and time-dependent reduction in 
cell viability, accompanied by an increase in apoptotic cells. 
These results are congruent with previous studies indicating 
the potential anticancer effects of domperidone (Shakya et al., 
2023).

One key aspect explored in this study was the mitochondri-
al apoptotic pathway modulation by domperidone. Our results 
indicated a decrease in antiapoptotic Bcl-2 proteins, causing 
the release of cytochrome C and subsequent activation of cas-
pase-3, -7, and -9, as well as PARP cleavage. The observed 
mitochondrial fractionation results further supported the notion 
of domperidone-induced apoptosis through the intrinsic apop-
totic pathway (Wang and Youle, 2009; Jan and Chaudhry, 
2019). These results contribute to a deeper understanding of 
the molecular mechanisms underlying domperidone-induced 
HCT116 cell death.

Moreover, we investigated the association of domperidone 
with the ERK signaling pathway, elucidating its multifaceted 
effects. Domperidone and U0126, a pharmacological MEK 
inhibitor, treatment caused substantial suppression of MEK, 

ERK, and STAT3 phosphorylation, indicating potential cross-
talk between ERK and STAT3 signaling. Notably, our results 
indicate that ERK modulates STAT3 phosphorylation in can-
cer cells. In line with our results, previous studies reported a 
reduction in STAT3 phosphorylation at serine residues and a 
subsequent decrease in cyclin D1 expression when ERK1/2 
was inhibited in OSCC cells (Gkouveris et al., 2014). The ob-
served downregulation of key cell cycle regulators, including 
cyclin D1, D2, and survivin, further emphasizes the involve-
ment of the ERK/STAT3 signaling pathway in mediating the 
cytotoxic effects of domperidone. ERK and STAT3 signaling 
dual inhibition by domperidone highlight its potential as a po-
tent anticancer agent, considering the critical roles that these 
signaling pathways play in cancer cell growth. This dual-tar-
geting property positions domperidone as a promising candi-
date for further investigation in cancer therapy.

Our investigation of the dopamine receptor signaling cas-
cade revealed that domperidone selectively downregulated 
DRD2 protein levels in HCT116 cells. This specific modulation 
of the DRD2-β-arrestin2-MEK signaling cascade by domperi-
done indicates a potential avenue for its antitumor effects. Ini-
tially, we anticipated that domperidone would act as a DRD2 
antagonist due to the observed reduction in MEK and ERK 
phosphorylation. However, our subsequent confirmation of 
DRD2 expression revealed that the antitumor effects of dom-
peridone stem from a decrease in DRD2 expression rather 
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than from an antagonistic effect. This implies that domperi-
done directly modulates the expression, prompting the need 
for further investigation into the underlying mechanisms gov-
erning its regulatory effects on DRD2. Additionally, our experi-
ments with dopamine, the ligand for DRD2, failed to induce 
increased cell proliferation in HCT116 cells (Supplementary 
Fig. 1). Importantly, dopamine treatment did not restore the 
diminished cell proliferation attributed to the decreased DRD2 
expression by domperidone (Supplementary Fig. 1). These 
combined results contribute to a more comprehensive under-
standing of the molecular targets and pathways affected by 
domperidone in CRC cells, emphasizing the intricate interplay 
between domperidone, DRD2, and the broader signaling cas-
cade, prompting additional investigation of its potential thera-
peutic applications in cancer treatment.

A similar study focusing on the antitumor effect of dom-
peridone in triple-negative breast cancer (TNBC) cells has 
recently been reported (Shakya et al., 2023). Similarly, dom-
peridone-induced mitochondrial ROS generation led to apop-
tosis in TNBC cells. While the previous study emphasized 
the unchanged expression of MAPK signaling molecules 
and the inhibition of phosphorylation of JAK2, STAT1, and 
STAT3, our research elucidated the inhibition of ERK activa-
tion through domperidone-mediated decreased formation of 
the β-arrestin2/MEK complex and JAK2-STAT3 signaling, re-
spectively. Moreover, in addition to the direct inhibition of the 
JAK2-STAT3 signaling pathway by domperidone, we revealed 
STAT3 signaling inhibition through ERK-STAT3 crosstalk in 
human CRC cells.

Additionally, our investigation into the association between 
ROS generation and apoptosis revealed that domperidone in-
duced a concentration- and time-dependent increase in ROS 
production. NAC treatment attenuated domperidone-induced 
ROS generation and restored cell viability, indicating a poten-
tial role of ROS in cellular processes, including apoptosis, trig-
gered by domperidone.

In conclusion, our comprehensive study provides evidence 
supporting domperidone as a potential therapeutic agent for 
CRC (Fig. 8). The induction of apoptosis, modulation of mi-

tochondrial and ERK signaling pathways, downregulation of 
dopamine receptors, and in vivo antitumor effects collectively 
contribute to a better understanding of the molecular mech-
anisms underlying the cytotoxic effects of domperidone in 
HCT116 cells. Further investigations and clinical studies are 
warranted to confirm the translational viability of domperidone 
as a therapeutic option for CRC.
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