
Iran J Pharm Res. January-December 2023 ; 22(1):e138856.

Published online 2023 November 10.

https://doi.org/10.5812/ijpr-138856.

Research Article

Different Modes of Mechanism of Gamma-Mangostin and

Alpha-Mangostin to Inhibit Cell Migration of Triple-Negative Breast

Cancer Cells Concerning CXCR4Downregulation and ROS Generation

Sarmoko Sarmoko 1, Dhania Novitasari 2, 3, Manami Toriyama 4, 5, Muhamad Salman Fareza 6, Nur
Amalia Choironi 6, Hiroshi Itoh 4 and EdyMeiyanto 7, 2, *

1Department of Pharmacy, Sumatera Institute of Technology, Lampung, Indonesia
2Cancer Chemoprevention Research Center, Faculty of Pharmacy, Universitas GadjahMada, Indonesia
3Laboratory of Tumor Cell Biology, Division of Biological Science, Graduate School of Science and Technology, Nara Institute of Science and Technology, Japan
4Laboratory of Molecular Signal Transduction, Nara Institute of Science and Technology, Japan
5Laboratory of Advanced Cosmetic Science, Graduate School of Pharmaceutical Science, Osaka University, Japan
6Department of Pharmacy, Jenderal Soedirman University, Indonesia
7Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Universitas GadjahMada, Indonesia

*Corresponding author: Department of Pharmaceutical Chemistry, Universitas GadjahMada, Indonesia. Email: edy meiyanto@ugm.ac.id

Received 2023 July 10; Revised 2023 September 08; Accepted 2023 September 10.

Abstract

Background: Two mangostin compounds, gamma-mangostin and alpha-mangostin, show anticancer properties through the
inhibition of cell proliferation and cell migration. Metastatic triple-negative breast cancer (TNBC) cells, including MDA-MB-231,
highly express C-X-C chemokine receptor type 4 (CXCR4) tomaintain reactive oxygen species (ROS) and cell migration.
Objectives: This study was performed to analyze and compare different modes of action of γ-mangostin and α-mangostin as
antimigratory effects targeted on CXCR4 in MDA-MB-231 as amodel of TNBC cell.
Methods: This study investigated the effect of γ-mangostin andα-mangostin using a series of assays, including Cell Counting Kit-8
(CCK-8) assay for cytotoxicity, wound healing assay formigration study, quantitative real-time polymerase chain reaction (qRT-PCR)
for gene expression analysis, and flow cytometry for ROS measurement, along with in silico study to observe the binding between
the compound and CXCR4.
Results: The findings revealed half maximal inhibitory concentration (IC50) values of 25 and 20 µM for γ-mangostin and
α-mangostin in MDA-MB 231 cells, respectively. Moreover, a concentration of 10 µM was used for the migration assay. Both
γ-mangostin and α-mangostin significantly suppressed cell migration within 24 hours. The present gene expression studies
revealed the downregulation of keymigration-associated genes, namely Farp, CXCR4, and LPHN2, upon γ-mangostin treatment but
notα-mangostin. Additionally, bothγ-mangostin andα-mangostin increased cellular ROSgeneration, highlighting the sameeffect
of γ-mangostin andα-mangostin ROS elevation to inhibit cancer cell migration. Molecular docking simulations further suggested
a potential interaction between γ-mangostin andα-mangostin with CXCR4 in high affinity.
Conclusions: These findings suggest that both γ-mangostin and α-mangostin inhibit breast cancer cell migration and induce
cellular ROS levels inMDA-MB-231 cells; notably, γ-mangostin suppresses CXCR4mRNA expression thatmight correlate to its activity
to inhibit MDA-MB-231 cell migration.
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1. Background

The metastatic process in breast cancer involves
complex interactions regulated by various gene
expressions (1) and is closely associated with cancer
cell migration and invasion. Triple-negative breast cancer
(TNBC), a particularly invasive subtype, constitutes 15 -
20% of total diagnosed cases (2). Typically, TNBC has a

poor prognosis due to a lack of targeted therapies to cure
this subtype. Standard treatment for most TNBC cases
involves broad-spectrum cytotoxic chemotherapy drugs,
surgery, and radiotherapy (3, 4); however, more than 60%
of TNBC patients do not respond to these therapies (5, 6).
Clinically, TNBC is commonly treated with chemotherapy
drugs, such as anthracyclines, taxanes, capecitabine,
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or eribulin; nevertheless, these drugs often cause side
effects and aggravate patients’ conditions due to their
non-specific action on cancer cells (7, 8). Pembrolizumab,
a novel immunotherapy approved for early-stage TNBC,
is frequently associated with inflammation-related side
effects (9).

Recent studies conclude that the TNBC subtype
exhibits elevated reactive oxygen species (ROS) due
to mitochondrial dysfunction, contributing to their
high malignancy through impacts on the tumor
microenvironment and cancer cell survival (10,
11). Interestingly, targeting oxidative cellular stress
can promote cancer cell death, as observed with
chemotherapeutics that induce ROS overproduction
and activate the apoptotic pathway (12). Therefore,
developing novel drugs that specifically target or interfere
with cancer cell metabolism, leading to cancer cell death
with minimal side effects and a low risk of relapse, could
be beneficial in effectively treating TNBC.

One such target is CXCR4, a gene encoding the C-X-C
chemokine receptor type 4 (CXCR4) protein, which plays
an essential role in the metastasis of cancer cells. The
CXCR4 expression is significantly increased in many types
of malignant cancers, including TNBC (13, 14). The CXCR4
protein, part of the G-protein coupled receptors (GPCR)
family, forms complexes with CXCL12 (a chemokine as its
ligand) and transmits signals to activate several genes
involved in cell migration and invasion, such as matrix
metalloproteinases (MMPs) (15, 16). The CXCR4 also plays
a role in the accumulation and regulation of ROS levels
in cancer cells, protecting cells against cellular damage
from oxidative stress (17). Therefore, CXCR4 represents
an attractive target for developing metastatic anticancer
agents.

Several agents targeting CXCR4 have been developed,
such as BPRCX807, a synthetic compound prepared from
AMD1300 modification. Plerixafor (AMD3100), a United
States Food and Drug Administration (FDA)-approved
CXCR4 antagonist (18), is not an anticancer drug and has
limitations, such as toxicity and poor pharmacokinetics.
BPRCX807 can effectively interact with CXCR4 and inhibit
its activity more efficiently than plerixafor, thereby
helping prevent the proliferation and migration of
hepatocellular carcinoma cells. However, BPRCX807 has
a complex structure, making its synthesis challenging
(19). Therefore, there remains a prospect to develop
other compounds that are easier to provide, with natural
products offering promising potential.

The present study explored active natural compounds
frommangostin fruit (Garciniamangostana L.), which have
been widely studied for their antitumor activities (20).
The fruit pericarp of mangostin contains alph-mangostin,

beta-mangostin, and gamma-mangostin, which show
promise for anticancer. Alpha-mangostin, in particular,
has been extensively studied for its activity against
breast cancer (21). This compound inhibits the invasion
and metastasis of TNBC cells (22) and downregulates
MMPs, including MMP-2 and MMP-9 (23). Moreover,
α-mangostin targets multiple signaling pathways
involved in cell cycle regulation, proliferation, and
metastasis inhibition (24). However, the specific targets
of α-mangostin in suppressing cancer cell proliferation
and migration remain unknown. Gamma-mangostin,
on the other hand, has been less explored despite its
demonstrated effectiveness against colon cancer (25).
Flow cytometry-based analysis revealed an increase in
hypodiploid cells in γ-mangostin-treated HT29 colorectal
adenocarcinoma cells, suggesting apoptosis induction
(25). Given the minor structural differences between
γ-mangostin and α-mangostin, this study hypothesized
that these compounds might have a similar effect on
inhibiting breast cancer cell migration, particularly
regardingROS level andCXCR4expression. TheMDA-MB-231
cell line was used in this study as a model of TNBC to
explore the potential of these natural compounds as
specific-target agents formetastatic breast cancer.

2. Objectives

The present study aimed to investigate the differential
mechanism of γ-mangostin andα-mangostin as potential
agents against metastatic MDA-MB-231 breast cancer cells
and focus on cancer cell migration and its modulation
to cellular ROS, followed by determining its effect on
expression in cell migration-associated genes, including
CXCR4. Using the insights provided by the emergent
field of bioinformatics, molecular docking was also
conducted to analyze the interaction of γ-mangostin and
α-mangostin with the protein target.

3. Methods

3.1. Cell Cultures

TheMDA-MB-231 breast cancer cellswere cultured in an
L-15 medium, enriched with 15% fetal bovine serum (FBS)
(Gibco, USA) and 1% penicillin-streptomycin (Gibco, USA),
and incubated in CO2-free 37°C incubator.

3.2. Cell Viability Assay

The compounds γ-mangostin (#M6824) and
α-mangostin (#M3824) were purchased from
Sigma-Aldrich (USA). A suspension of cells (20,000
cells/well in 100µL)wascultured ina96-wellplate. After an
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initial 24-hour incubation, γ-mangostin or α-mangostin
of varying concentrations (1 - 100 µM) was added to the
plate, followed by another 24-hour incubation. A solution
of Cell Counting Kit-8 (CCK-8) (Dojindo #347-07621, Japan)
was added to each well, and the plate was incubated for 2
hours. The absorbance was subsequently read at 450 nm
using a microplate reader (26). The assay was carried out
in triplicate.

3.3. Migration Assay

A culture-insert 2 well (cat #ib81176) was placed in the
well. Then, 5 × 104 cells were seeded on each side of
the insert. After 24 hours, the medium was discarded
and replaced with the fresh medium containing 0.5%
FBS, and the cells were cultured for another 18 hours.
The next day, the medium was replaced with 10 µg/mL
mitomycin C (Wako #139-18711, Japan) and cultured for 2
hours before treatment with 10 µM γ-mangostin and 10
µMα-mangostin. Right after the treatment, the cells were
observed under themicroscope at 0 hour. At the indicated
times (24 and 42 hours), the cell-free area from three parts
(i.e., upper, center, and lower scratch) was measured by
analyzing the gap closure rate using ImageJ software (27).

3.4. Quantitative Polymerase Chain Reaction

Total ribonucleic acid (RNA) upon treatment with
γ-mangostin and α-mangostin was collected from
cells using Sepasol (Nacalai Tesque, Japan). The reverse
transcription of complementary deoxyribonucleic
acid (cDNA) was performed using ReverTra Ace
qPCR RT Kit (Toyobo, Japan), which included DNAse
I to remove genomic DNA. Quantitative real-time
reverse-transcriptionpolymerasechainreaction (qRT-PCR)
was performed using the Thunderbird SYBR qPCR Mix
(Toyobo, Japan) on a Real-Time PCR System Light Cycler
96 (Roche, USA). Rac, Farp, CXCR4 (28), and latrophilin-2
(LPHN2) primers were used, and GAPDH was detected as
the internal control. The primer sequences are listed in
Table 1.

3.5. Intracellular ROS Level Measurement

The MDA-MB-231 cells were collected in a buffer
with 10% FBS in phosphate-buffered saline (PBS) and
transferred in a sterile light-blocking microtube before
being stained with 20 µM of 2’,7’-dichlorofluorescein
diacetate (DCFDA) (Sigma #D6883, USA) and incubated
for 30 minutes. Later, γ-mangostin and α-mangostin
were added to the cell suspensions and incubated in a
37ºC incubator (with 5% CO2) before analyzing by a flow
cytometer (Calibur) at indicated times (4, 8, 18, and 24
hours). 2’,7’-dichlorofluorescein diacetate reactedwith the

hydroxyl radicals (·OH) and transformed into fluorescent
2,7-dichlorofluorescein (DCF). The fluorescence intensity
of DCF based on 5,000 cells per gate was calculated using
the flow cytometer (29, 30). In a separate experiment,
the cells already stained with DCFDA were treated with
5 mM N-acetyl-L-cysteine (NAC) (Wako #017-05131, Japan)
and incubated for an hour before the treatment with
γ-mangostin and α-mangostin for the next 24 hours, and
the ROS level was subsequently measured. The assay was
carried out in triplicate.

3.6. Molecular Docking

Molecular Operating Environment (MOE) software
(version 2010.12) was employed to predict the molecular
interaction between γ-mangostin or α-mangostin
with CXCR4 (PDB ID: 3ODU). Gamma-mangostin and
α-mangostin were prepared into a single dataset
and selected a partial charge by MMFF94X force field
parameters. The docking protocol used was based on a
study byMeiyanto et al. (31), with the ligand conformation
having the lowest docking score selected for binding
interaction analysis.

3.7. Data Analysis

The data were presented as graphs using GraphPad
Prismsoftware (version9.0)andwerestatisticallyanalyzed
using one-way analysis of variance (ANOVA) followed by
the Tukey post hoc test. A confidence level of P < 0.05 was
considered significant.

4. Results

4.1. Cytotoxic Effect of Gamma-Mangostin and
Alpha-Mangostin on MDA-MB-231 Cells

First, the toxicity of γ-mangostin and α-mangostin
were analyzed using the CCK-8 assay in MDA-MB 231 cells.
The results indicated that γ-mangostin and α-mangostin
suppressed MDA-MB-231 cell proliferation (Figure 1A and
B), giving thehalf maximal inhibitory concentration (IC50)
values of 18 ± 5.0 and 20 ± 1.3 µM, respectively (Figure
1C). It was realized that treating cells with concentrations
higher than 25µM (log = 1.5) of these compounds resulted
in decreased cell viability. However, treating γ-mangostin
and α-mangostin in concentration below 10 µM did not
affect much with regard to the cell viability (between 80
- 90%). Therefore, a 10 µM concentration of γ-mangostin
and α-mangostin was chosen for migration assay to
examine their antimigratory effects.
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Table 1. Primer Sequences a

Genes and Primer Sequences NCBI Reference Sequence The Size (bp) of the Expected Amplicon TM°C

hRac1

Fw: 5’-CCTTGTGAGTCCTGCATCATTTG-3’ NM 006908.5 149 60.10

Rv: 5’-TCTTCTCCTTCAGTTTCTCGATCG-3’ 60.14

hFarp

Fw: 5’-CCCAGGAGGCATTTGAAGTTCC-3’ NM 005766.4 99 61.47

Rv: 5’-GGCCAAAATAGTCACCTTCCACG-3’ 61.97

hCXCR4

Fw: 5’-CTGCGAGCAGAGGGTCCAG-3’ XM 047445802.1 60 62.37

Rv: 5’-ATGAATGTCCACCTCGCTT-3’ 56.73

hLPHN2

Fw: 5’-TGATGCTGACCCATTTCAGA-3’ XM 054335486.1 138 56.82

Rv: 5’-CCAGGACATGGATCAGGAAA-3’ 56.89

hGAPDH

Fw: 5’-GGCTGAGAACGGGAAGCTTG-3’ NM 001357943.2 110 61.38

Rv: 5’-ACTCCACGACGTACTCAGCG-3’ 61.91

a NCBI, National Center for Biotechnology Information.

4.2. Role of Gamma-Mangostin and Alpha-Mangostin in
Migration of MDA-MB-231 Cells

The effect of γ-mangostin and α-mangostin on cell
migration was observed by a wound-healing assay. The 10
µM concentration was chosen for further testing, which
still allows 80% cell viability (Figure 1A and B). To limit
cell proliferation, the starvation medium was applied
overnight, and the cells were treatedwithmitomycin C for
2hoursbefore theγ-mangostin treatment. Itwas observed
that γ-mangostin effectively inhibited MDA-MB-231 cell
migration (P< 0.05); a similar outcomewas observedwith
α-mangostin treatment (Figure 2A). This effect was still
evidentupto42hoursof observation (P< 0.05) (Figure2B).
The finding suggests that γ-mangostin and α-mangostin
could potentially delay themigration of MDA-MB-231 cells.

4.3. Role of Gamma-Mangostin and Alpha-Mangostin in
Migration of Regulating Genes of MDA-MB-231 Cells

Various proteins are involved in the regulation of
cell migration. To uncover the mechanism by which
γ-mangostin and α-mangostin act as anti-migratory
agents, the present study investigated the gene expression
of Rac1, Farp, CXCR4, and LPHN2 using RT-qPCR. Treatment
of γ-mangostin downregulated the expression of Farp,
CXCR4, and LPHN2 (Figure 3A). However, α-mangostin
treatment did not alter the expression of these genes
(Figure 3B). Although this experiment was only performed
in one measurement, it was expected to provide valuable

information regarding the effect of the substances on
the expression of migration marker genes. Nevertheless,
this phenomenon suggests that the unique migration
inhibitory effect of γ-mangostin correlated to suppressing
these gene expressions, which might not be the case
for α-mangostin molecular activities in MDA-MB-231 cell
migration.

4.4. Role of Gamma-Mangostin and Alpha-Mangostin in
MDA-MB-231 Cellular ROS Production

Intracellular ROS is essential in the growth and
invasiveness of cancer cells; therefore, its level is higher
in cancer cells than in normal cells (32). If ROS levels
exceed the capacity of tumor cells to metabolize, they
can inhibit proliferation and migration, leading to
cancer cell death (33). The present study treated cells
with γ-mangostin or α-mangostin and monitored ROS
levels across 24 hours at various intervals (4, 8, 18, and
24 hours) since cellular ROS have a short lifespan (34). In
the current study, it was observed that ROS accumulation
decreased after 4 hours of γ-mangostin or α-mangostin
treatment and started to rise (P < 0.0001) after a longer
incubation period of up to 24 hours. A similar result was
also demonstrated in α-mangostin-treated cells (Figure
4A). The addition of the ROS scavenger NAC prior to
the treatment reduced the amount of ROS induced by
γ-mangostin and α-mangostin (P < 0.0001) (Figure 4B).
Overall, it appeared that γ-mangostin and α-mangostin
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Figure 1. Cytotoxic effect of gamma-mangostin and alpha-mangostin on MDA-MB-231 cells; A, gamma-mangostin and B, alpha-mangostin treatment for MDA-MB-231 cells for
24 hours. Later, the cell viability was assessed using CCK-8 assay. The absorbance was converted into the percent of cell viability and calculated for the IC50 value. The data are
presented as the average of triplicate ± standard deviation (SD).

Figure 2. Inhibition of MDA-MB-231 cells migration by gamma-mangostin and alpha-mangostin; A, representative picture of MDA-MB-231 cells after treatment with
gamma-mangostin and alpha-mangostin (performing wound healing assay for 24 and 42 hours); B, quantification of cell-free area using imageJ Software and conversion
as closure percentage. The data indicate themean ± standard error (SE); the asterisk represents the significance value (* P< 0.05; ** P< 0.01)
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Figure 3. Effect of gamma-mangostin and alpha-mangostin on the transcription level of cell migration-associated genes in MDA-MB-231 Cells. The total RNA was collected
from cells that were treated with compound and reverse-transcribed into complementary deoxyribonucleic acid (cDNA) before being amplified with Rac, Farp, CXCR4, and
LPHN2primers using SYBR-probed real-time PCR. The relative expression fromA,γ-mangostin and B,α-mangostin group after normalizedwith theGAPDH gene (*** P< 0.001
from three replicates)

changed ROS levels in MDA-MB-231 cells, suggesting that
γ-mangostin and α-mangostin regulate cell activities,
including viability and migration, by modulating ROS
levels.

4.5. Molecular Docking Analysis of Gamma-Mangostin and
Alpha-Mangostin to the CXCR4 Receptor

Beyond assessing messenger RNA (mRNA) level
expression, the insilico method was also conducted

through amolecular docking study to assess the potential
activity of γ-mangostin and α-mangostin on CXCR4.
Among the gene targets, only CXCR4 was found in the
PDB database (PDB ID: 3ODU). The CXCR4 gene is one of
the GPCRs and, together with its ligand CXCL12, plays a
significant role in cell migration (35).

Docking simulation predicted that the purple area
in γ-mangostin and α-mangostin was in proximity to
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Figure4. Inductionof reactiveoxygenspecies (ROS)production inMDA-MB-231 cellsbygamma-mangostinandAlpha-Mangostin. A, cellswere treatedwith 10µMγ-mangostin
or 10µMα-mangostin for 24 hours. The reactive oxygen species (ROS) amountwasmeasured according to the intensity of 2,7-dichlorofluorescein (DCF) by flow cytometry. B,
cells were exposed with or without 5 mMNAC for 1 hour before being incubated with 10µM γ-mangostin or 10µMα-mangostin for 24 hours. The detection of cellular ROS
levels was determined and quantified by flow cytometry. The data were shown as the average of 3 data ± standard deviation (SD); nevertheless, the asterisk represented the
significance value (**P< 0.01; *** P< 0.001; **** P< 0.0001)
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the CXCR4 amino acid, although these compounds did
not directly bind to CXCR4. The functional group of
γ-mangostin was surrounded by six amino acid residues;
however, α-mangostin was surrounded by seven amino
acid residues (Figure 5A). Further analysis revealed
that γ-mangostin and α-mangostin had lower energy
scores than the IT1t, a small molecule antagonist. These
interactions suggest these compounds have a stronger
binding affinity to the receptor than IT1t (Figure 5B).

5. Discussion

To better understand how γ-mangostin and
α-mangostin inhibit MDA-MB-231 breast cancer cell
migration, the present study examined the expression of
several genes associated with cancer cell migration. The
obtained findings suggest that γ-mangostin is capable
of downregulating the transcription level of CXCR4,
Farp, and LPHN2, unlike α-mangostin, which did not
impact the expression of these genes. This effect suggests
the presence of a specific mechanism through which
γ-mangostin targets these genes, warranting further
research to identify potential drug targets associated with
γ-mangostin.

Notably, CXCR4, a chemokine receptor for the
ligand CXCL12, is known for its significant role in cell
proliferation, adhesion, and migration, which is also
intricately associated with invasion and metastasis
through Ras/Raf signaling (16, 36). Meanwhile, Farp,
implicated in F-actin polymerization (37), has been
demonstrated to be involved in cancer (38). Although
α-mangostin treatment did not alter the transcription
levelof thosegenes, a studybyNallaetal. (39) reported that
this compound inhibited MMP-2 protein and triggered
E-cadherin, partly inhibiting MDA-MB-231 cell migration
and invasion. Therefore, it is likely that there are different
molecular mechanisms between γ-mangostin and
α-mangostin to inhibit cancer cell migration. Since the
data are limited, these phenomena should be clarified
further with more comprehensive analyses, including
time points experiments and protein level expressions.

Beyond assessing mRNA level expression, in silico
methods were also used to evaluate the potential activity
of γ-mangostin on CXCR4. The insilico experiment is
the preliminary study of the two compounds regarding
their affinities to interact with CXCR4 as the main target
protein. The results revealed that the binding energy
of γ-mangostin and α-mangostin was lower than the
comparator antagonist, suggesting substantial potential
for γ-mangostin and α-mangostin to inhibit the protein’s
activity. The promising CXCR4 antagonist candidate,
BPRCX807, is known for binding into primary critical

residues in the major subpocket, thereby exhibiting a
remarkable effect to inhibit CXCR4-CXCL12 interaction (19).
Therefore, the evaluation of the molecular dynamics of
γ-mangostin and α-mangostin in CXCR4-CXCL12 binding
should be further elucidated.

Reactive oxygen species are by-products of cellular
metabolismandparticipate in various signal transduction
responsible for cancer cell proliferation and invasion
(32). Tumor cells naturally have higher basal ROS levels
than normal cells due to disrupted redox homeostasis
in cancer cells (40), and it is known that TNBC cells
exhibit the highest ROS among other subtypes of breast
cancer (10). However, the overproduction of endogenous
ROS, augmented by exogenous chemotherapy agents, can
induce oxidative damage to the cancer cells as the redox
level becomes unbalanced, leading to cancer cell death.

In the present study, γ-mangostin and α-mangostin
increased ROS levels, and NAC addition nearly eliminated
the ROS levels induced by these compounds. Other studies
have reported a similar effect of α-mangostin on inducing
cellular ROS production (41, 42). Alpha-mangostin
inhibited catalase activity in TNBC 4T1 cells but not
antioxidant activity, resulting in the pro-oxidant effect
on cancer cells (42). Moreover, α-mangostin-induced ROS
overproduction might activate the PI3K/AKT signaling
pathway, inhibiting cancer cell proliferation, migration,
and induction of mitochondrial dysfunction that
mediates apoptosis in MDA-MB-231 cells (23). Another
finding also revealed that α-mangostin enhanced higher
ROS accumulation in hepatoblastoma HepG2 cells than in
hepatocyteWRL-68 cells, which could imply the selectivity
of α-mangostin in cells (43).

Although there are numerous reports of
α-mangostin’s activity in increasing ROS levels in cancer
cells, similar activity by γ-mangostin in human cancer
cells is less documented. The treatment of γ-mangostin in
human colorectal cancer cell line HT29 showed enhanced
intracellular ROS levels and intervened mitochondria
function, causing cancer cell death (25). Previous studies
have focused on γ-mangostin’s protective effect against
oxidative damage in neurons and ischemia-induced
myocardial cell injury (44, 45). Therefore, the current
study provides further evidence for γ-mangostin’s
involvement in ROS accumulation in cancer cell death,
indicating the necessity formore in-depth investigation.

Numerous researchershave reportedROS involvement
in cancer cell migration that is activated through several
pathways (46). The ROS formation affects the enzymatic
activity of gelatinases MMPs (i.e., MMP-2 and MMP-9)
that are controlled through MAPK signaling (47); it also
enhances CXCR4 transcription that is mediated by HIF1α
(48). On the other hand, the excessive oxidative stress
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Figure 5. Molecular docking simulation of gamma-mangostin and alpha-mangostin in CXCR4 Receptor; A, two-dimensional (2D) and three-dimensional (3D) visualization
of the Ligand gamma-mangostin (Left) and alpha-mangostin (Right) in CXCR4 Receptor (PDB ID: 3ODU) Generated from Molecular Operating Environment (MOE) Software
(Version 2010.12); B, affinity binding and root mean square deviation (RMSD) value of gamma-mangostin and alpha-mangostin (and IT1t, a small molecule antagonist) after
docking simulation
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in cancer cells causes the imbalance of cell homeostasis
and activates the apoptosis pathway (49), which later
becomes one of the strategic approaches for cancer
therapy. The current study provides novel knowledge
that revealed the γ-mangostin effect on suppressing
CXCR4 transcription, thereby inhibiting cancer cell
migration and cell proliferation. The present study’s
findings stipulate further exploration to comprehend
how γ-mangostin acts as a potential anticancer candidate
that targetsmultiple pathways associated with cancer cell
survival and migration. At least, the data here supported
the potency of γ-mangostin development for therapy in
metastatic breast cancer.

5.1. Conclusions

In conclusion, the present study demonstrated that
γ-mangostinexhibits antimigratoryactiononMDA-MB-231
breast cancer cells, mainly impacting the downregulation
of CXCR4, Farp, and LPHN2 genes, but not the case with
α-mangostin. Molecular docking simulations further
suggested the potential for γ-mangostin to inhibit
CXCR4. Likewise, the obtained findings suggest that
the effect of elevated ROS levels under γ-mangostin
and α-mangostin treatment can also be associated with
inhibiting MDA-MB-231 cell proliferation and migration
with regard to CXCR4 activity inhibition.
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