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Abstract

Objective: To evaluate the anticancer mechanisms of Chamuangone against cholangiocarcinoma (CCA) cells.
Methods: Chamuangone was tested for cytotoxicity against KKU-100 and KKU-452 cells for 24 and 48 h. Apoptosis, cell
proliferation, mitochondrial membrane potential, and intracellular reactive oxygen species (ROS) levels were assessed
using Annexin V, Ki-67, JC-1 assays, and DCFH-DA fluorescence probe, respectively. Oncology proteins expression
was measured. Results: Chamuangone inhibited CCA cell growth in a dose- and time- dependent manner, with IC50
values in KKU- 100 cells of 1.175 and 0.331 pg/mL at 24 and 48 hours, respectively; in KKU- 452 cells, the IC50
values were 1.208 and 0.428 pg/mL. Consequently, Chamuangone at 1.5 and 3.0 pg/mL effectively induced both early
and late apoptosis in a statistically significant manner, which correlated with a marked reduction in cell proliferation,
as evidenced by the decrease in Ki-67 positive populations to 49.04% and 17.02%, respectively. Chamuangone at
concentrations of 0.75, 1.5, and 3.0 pg/mL significantly induced mitochondrial dysfunction by reducing the Red/Green
fluorescence ratio across all time points (3—24 h), indicating a loss of mitochondrial membrane potential that triggers
apoptosis. The induction of intracellular oxidative stress was indicated by a significant increase in the high-dose group
of Chamuangone. Moreover, it also suppressed the expression of key ROS- and oxidative stress—associated oncogenic
proteins, including Carbonic Anhydrase [X, Enolase2, CXCLS8/IL-8, Galectin-3, EGFR/ErbB1, Progranulin, FGF basic,
Dkk-1, p27/kipl, Mesothelin, Survivin, leading to redox imbalance and apoptosis in KKU-100 cells. Conclusion:
Chamuangone inhibits CCA cell proliferation by inducing apoptosis through mechanisms involving the suppression
of the Ki67, loss of mitochondrial membrane potential, intracellular ROS accumulation, and downregulation of
oncogenic-related proteins involved in proliferation, survival, angiogenesis, and oxidative stress. Thus, Chamuangone
has significant potential as a lead compound for the development of novel CCA therapeutics.

Keywords: Cholangiocarcinoma- Anticancer- Chamuangone- Oxidative stress- Oncogenic proteins

Asian Pac J Cancer Prev, 27 (6), 2189-2201

Introduction

Cholangiocarcinoma (CCA) is a malignant epithelial
tumor arising from the bile ducts and is the second
most common primary hepatic malignancy worldwide.
Although its global incidence is generally less than
2 per 100,000 and its accounts for approximately
3% of gastrointestinal cancers, rates vary markedly
by geography, with the highest incidence reported in

parts of East and Southeast, especially in northeastern
Thailand where incidence can reach up to 85 per 100,000
[1]. These established risk factors in endemic regions,
including infection with the hepatobiliary flukes such
as Opisthorchis viverrini and Clonorchis sinensis which
induce chronic biliary inflammation and are classified
carcinogens, as well as hepatolithiasis, which can drive
secondary chronic inflammation [2]. Additional risk
factors include choledochal cysts, primary sclerosing
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cholangitis, and chronic virus hepatitis, among others [3].
Collectively, these factors imply chronic inflammation as
a central driver of cholangiocarcinogenesis.

In instances of unresectable CCA or advanced CCA,
the first-line therapeutic approach is chemotherapy
utilizing gemcitabine in conjunction with a platinum-
based agent [4, 5]. Nonetheless, clinical outcomes remain
poor due to intrinsic and acquired drug resistance as
well as profound inter- and intratumoral heterogeneity
[6]. Regarding chemotherapy resistance, key molecular
mechanisms alteration involves drug efflux, enhanced
DNA damage repair (DDR), apoptosis evasion, epigenetic
modifications, altered intracellular drug metabolism,
and cancer stem cells (CSCs) dynamics [7]. Therefore,
therapeutic strategies that interfere with critical molecular
pathways, including oncogenic kinases involved in cancer
progression, survival, migration and angiogenesis, may
offer superior anticancer efficacy [8]. These challenges
underscore the need for new therapeutic strategies and
mechanistic insights.

Chamuangone is a polyprenylated benzophenone
compound isolated from the leaves of Garcinia cowa
(Chamuang), a plant wildly found in Thailand [9]. It
has demonstrated antiproliferative effects in several
cancer models [10-15]. However, its activity and
underlying mechanisms in CCA remain incompletely
characterized. Here, we investigate the anticancer effects
of Chamuangone against CCA and explore its mechanisms
of action. Specifically, we evaluate its impact on CCA
cell viability and apoptosis and assess relevant oncogenic
proteins implicated in CCA pathobiology and drug
resistance. This study demonstrates the pharmacological
profile of Chamuangone in CCA models, which will help
guide complementary therapeutic strategies and provide
a rationale for further preclinical evaluation.

Materials and Methods

Chemical Materials

Dimethyl sulfoxide (DMSO) and methanol were
purchased from Merck (Darmstadt, Germany).
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) was purchased from Sigma-Aldrich
(St. Louis, MO, USA). Ham’s F-12 medium, penicillin-
streptomycin, Fetal bovine serum (FBS), and minimum
essential medium (MEM) were purchased from GIBCO
Invitrogen (Grand Island, NY, USA).

Extraction and Purification of Chamuangone from
Garcinia cowa Leaves

Dried leaves of Garcinia cowa were powdered (1 kg)
and extracted by microwave-assisted extraction using
n-hexane. The extraction was performed at a microwave
frequency of 2450 MHz with a power output of 600 W
for three irradiation cycles, each consisting of 60 s of
irradiation followed by 30 s of cooling. The extract was
filtered and concentrated under reduced pressure at 40
°C to obtain the crude hexane extract [12]. Isolation of
Chamuangone was carried out using a modified method
based on previously reported procedures [10, 14]. The
crude extract was further purified to yield Chamuangone
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as a light yellowish oil. The identity and purity of the
isolated compound were confirmed by nuclear magnetic
resonance (NMR) spectroscopy, and the obtained spectral
data were consistent with previously reported values for
Chamuangone [14].

Cell Lines and Culture Conditions

This study employed two human cholangiocarcinoma
(CCA) cell lines, KKU-100 (JCRB1568) [16] and KKU-
452 (JCRB1772) [17], which were originally derived
from Thai CCA patients with written informed consent
obtained in accordance with protocols approved by Khon
Kaen University [18, 19]. Both cell lines were obtained
from the Japanese Cancer Research Resources Bank. All
procedures were performed in accordance with previously
established protocols for the maintenance of CCA cell lines
[20, 21]. The cells were cultured in Ham’s F-12 medium
supplemented with 12.5 mM N-2-hydroxyethylpiperazine-
N’-2-ethanesulfonic acid (HEPES, pH 7.3), 100 U/mL
penicillin, 100 pg/mL streptomycin, and 10% fetal bovine
serum (FBS), and maintained at 37 °C in a humidified
atmosphere containing 5% CO:. Cells were subcultured
upon reaching 80-90% confluence every three days using
0.25% trypsin—EDTA to dissociate adherent monolayers,
and the culture medium was replaced after overnight
incubation. Cell viability was assessed via trypan blue
exclusion prior to seed for assays. Cell seeding density
was optimized to ensure logarithmic growth throughout
the experimental period.

MTT assay

Cell lines were seeded into 96-well plates overnight to
allow for cell attachment. Chamuangone was dissolved in
DMSO and subsequently diluted in the culture medium to
final concentrations ranging from 0 to 3 pg/ml (0, 0.1875,
0.375, 0.75, 1.5, and 3 pg/ml). Cells were treated with
these concentrations for 24 and 48 h. In all experimental
and control groups, the final concentration of DMSO
vehicle was maintained at 0.1 % (v/v) [22]. Cytotoxic
activity was evaluated using the 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, as
previously described [21]. Following the treatment period,
cells were incubated with the MTT solution (5 mg/ml)
at 37 °C for 4 h. The supernatant was then removed, and
the resulting formazan crystals were dissolved in 100
pl of DMSO. The absorbance was measured at 540 nm
using a SpectraMax M2 microplate reader. Cell viability
was expressed as a percentage relative to the untreated
control (defined as 100%). The half-maximal inhibitory
concentration (IC, ) values were determined via nonlinear
curve-fitting using Sigma Plot software (version 10.0).

Apoptosis Assay

KKU-100 cells were seeded into 6-well plates and
allowed to adhere overnight. Apoptosis was induced by
treating the cells with Chamuangone at concentrations
of 0.75, 1.5, and 3.0 pg/mL for 24 and 48 h. Following
treatment, cells were then harvested and stained using
the Muse™ Annexin V & Dead Cell Kit (MCH100105,
Luminex Corporation, Austin, TX, USA) according
to the manufacturer’s instructions and a previously



reported protocol [21]. The stained cell suspension was
incubated for 20 minutes at room temperature in the dark.
Subsequently, the percentages of live, early apoptotic, late
apoptotic, and dead cells were analyzed using a Muse™
Cell Analyzer [23].

Cell Proliferation Analysis

Cell proliferation was evaluated using the Muse® Ki67
Proliferation kit (MCH100114, Luminex Corporation,
Austin, TX, USA) according to the manufacturer’s
instructions. KKU-100 cells were seeded into 6-well
plates and allowed to adhere overnight. Cells were treated
with Chamuangone at concentrations of 1.5 and 3.0 pg/
mL for 24 h. Following treatment, cells were fixed and
permeabilized using the fixation and permeabilization
reagents provided in the kit. Cells were then stained
with a primary antibody against Ki-67 for 1 hour at room
temperature. The cells were washed three times with PBS,
followed by incubation with a fluorescent dye-conjugated
secondary antibody in the dark for 1 hour. The percentages
of Ki67-positive (proliferating) and Ki67-negative (non-
proliferating) cells were quantified using the Guava®
Muse® cell analyzer [24].

JC-1 Assay for Mitochondrial Membrane Potential (Aym)

KKU-100 cells were seeded into 96-well plates and
allowed to adhere overnight. Cells were then treated with
0.75, 1.5, and 3.0 pg/mL of Chamuangone for 3, 6, and
24 h to assess changes in Aym. The JC-1 dye (Sigma-
Aldrich, St. Louis, MO, USA) was used for detecting
fluorescence shift from green to red in response to changes
in Aym. After treatment, cells were incubated with JC-1
dye prepared in serum-free medium (SFM) to make the
final concentration at 2 uM at 37°C, 5% CO2, for 15-20
minutes. The cells were then washed twice with PBS and
replenished with 100 puL of SFM per well. Fluorescence
intensity was measured using a Biotek Synergy HT
microplate reader at excitation/emission wavelengths
of 530 nm (green fluorescence) and 590 nm (red
fluorescence). Cells with high mitochondrial membrane
potential exhibited predominant red fluorescence, whereas
cells with depolarized mitochondria showed increased
green fluorescence. Aym was quantitatively expressed
as the ratio of red to green fluorescence, reflecting
mitochondrial functional integrity [25].

Reactive Oxygen Species (ROS) Assay

KKU-100 cells were seeded in 96-well plates and
incubated overnight to allow cell attachment. The cells
were then treated with 3.0 pg/mL of Chamuangone for
3, 6, 24, and 48 h. At the indicated time points, the cells
were washed twice with PBS and incubated with the stain.
2'7"-Dichlorofluorescin diacetate (DCFH-DA) (Sigma-
Aldrich, St. Louis, MO, USA), which was dissolved in
SFM to a final concentration of 10 uM for 30 minutes at
37°C in the dark. Subsequently, the cells were washed
twice with PBS, and 100 pL of SFM was added to each
well. Fluorescence intensity was measured using a Biotek
Synergy HT microplate reader at an excitation wavelength
of 485 nm and an emission wavelength of 530 nm to
assess the levels of intracellular ROS [26]. The results
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were expressed as the percentage change in ROS levels
relative to the control group.

Protein Expression Analysis using Human XL Oncology
Array

KKU-100 cells were treated with Chamuangone
at a concentration of 3.0 pg/mL for 24 h. Protein was
subsequently extracted from the cell lysates using a lysis
buffer. The expression levels of oncology-related proteins
were screened using the Proteome Profiler™ Human XL
Oncology Array Kit (Cat. No. ARY026, R&D Systems,
Minneapolis, MN, USA) according to the manufacturer’s
protocol. The protein spot densities were analyzed using a
Uvitec Alliance Q9 Advanced Chemiluminescence Imager
(UVITEC, Cambridge, UK). The expression levels of
oncology-related proteins were normalized to the internal
positive controls provided on the array membrane [27].

Statistical analysis

All data were presented as the mean + standard
deviation (SD) from at least three independent experiments.
Statistical significance was analyzed using one-way
analysis of variance (one-way ANOVA), followed by
Student’s t-test for pairwise comparisons. A p-value <0.05
was considered statistically significant. All statistical data
analyses were performed using GraphPad Prism software.

Results

Cytotoxic Effects of Chamuangone on Cholangiocarcinoma
(CCA) Cells

KKU-100 and KKU-452 cells were used to evaluate
the cytotoxic effects of Chamuangone at 24 and 48 h
and to determine the ICso values. In KKU-100 cells, the
ICso values were 1.175 pg/mL at 24 h and decreased to
0.331 pg/mL at 48 h. Similarly, in KKU-452 cells, the
ICso values were 1.208 pg/mL and decreased to 0.428
pg/mL as shown in Table 1. These results indicate that
Chamuangone significantly inhibited the growth of CCA
cells in a time- and dose-dependent manner (Figure 1
A-B). Notably, Chamuangone exhibited greater cytotoxic
potency in KKU-100 cells compared with KKU-452
cells, as evidenced by lower ICso values. Therefore, the
KKU-100 cell line was selected for further experimental
procedures.

Chamuangone Induces Apoptosis in CCA Cells

To determine whether Chamuangone induces
programmed cell death, an apoptosis assay was performed.
After treatment with Chamuangone at 3.0 pg/mL for
48 h, the percentage of live cells markedly decreased,
while early apoptotic, late apoptotic, and dead cell
populations significantly increased compared with the
untreated control (Table 2). These results indicate that
Chamuangone suppresses CCA cell growth through the
induction of apoptosis in both early and late stages in a
statistically significant, time-dependent manner (Figure 2
A-C). Collectively, the proportions of live, early apoptotic,
late apoptotic, and dead KKU-100 cells following
Chamuangone treatment clearly demonstrate a shift from
viable cells toward apoptotic and dead cell populations,
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Figure 1. The Effect of Chamuangone on Cell Viability in KKU-100 and KKU-452 Cells. (A) KKU-100 and (B)
KKU-452 cells were treated with various concentrations of Chamuangone (0.1875, 0.375, 0.75, 1.5, and 3.0 pg/mL)
for 24 and 48 h. Cell viability was determined using the MTT assay. Data represent the mean = SD (n=3). p < 0.05
compared with control.

Table 1. The IC,; Values of Chamuangone on KKU-100 and KKU-452 Cells. KKU-100 and KKU-452 cells were
treated with various concentrations of Chamuangone for 24 and 48 h. The ICso values were determined using the MTT

assay.

IC,, KKU-100 KKU-452
Bioactive compound IC,-24 h (ng/ml) IC,-48 h (ug/ml) IC,-24 h (pg/ml) IC,-48 h (pug/ml)
Chamuangone 1.175 +0.47 0.331+0.20 1.208 £ 0.13 0.428 + 0 .02

confirming apoptosis as a key mechanism underlying the
cytotoxic effects of Chamuangone in CCA cells.

Chamuangone Suppresses Ki67 Expression, a Marker of
CCA Cell Proliferation

Ki67 expression was used to assess the proliferative
activity of CCA cells. The results demonstrated that
treatment with Chamuangone at concentrations of 1.5
and 3.0 pg/mL significantly decreased the percentage of
Ki67-positive cells compared with the control group, while
the proportion of Ki67-negative cells was correspondingly
increased at 24 h (Figure 3A-B). The average relative
ratio of Ki67-positive/Ki67-negative in the group treated
with 1.5 pg/mL Chamuangone was 49.04%, and treatment
with 3.0 pg/mL Chamuangone further reduced the ratio
to 17.02%, representing a statistically significant, dose-
dependent decrease (Table 3). These findings indicate
that Chamuangone effectively suppresses CCA cell
proliferation by reducing the proportion of actively cycling
cells. The marked decrease in Ki67 expression suggests
that Chamuangone induces cell cycle arrest and promotes

the transition of CCA cells into a non-proliferative
(quiescent) state, thereby highlighting its potential as an
anti-CCA agent through inhibition of cell division.

Chamuangone Alters Mitochondrial Membrane Potential
(Awm) in CCA cells

The JC-1 assay was employed to evaluate changes
in Aym. The JC-1 dye exhibits red fluorescence in
mitochondria with intact membrane potential, whereas a
shift toward green fluorescence indicates mitochondrial
depolarization. The red/green fluorescence ratio was
therefore used as an indicator of mitochondrial integrity.
KKU-100 cells were treated with Chamuangone at
concentrations of 0.75, 1.5, and 3.0 pg/mL for 3, 6,
and 24 h. Chamuangone treatment resulted in a marked
reduction in the red/green fluorescence ratio at all tested
concentrations and time points compared with the control
group, indicating disruption of mitochondrial membrane
potential. At 3 h, the average red/green fluorescence
ratios were reduced to 33.21, 35.06, and 32.25 following
treatment with 0.75, 1.5, and 3.0 pg/mL Chamuangone,

Table 2. The percentage of live, early apoptotic, late apoptotic, and dead KKU-100 cells after Chamuangone treatment.
KKU-100 cells were treated with 0.75, 1.5, and 3.0 ug/mL of Chamuangone for 24 and 48 h. The percentage of cells in
each phase of apoptosis was determined using the Muse™ Annexin V & Dead Cell Kit. Data represent the mean + SD
(n=3), p < 0.05 compared with control.

Profile 24h 48 h

% Gated % Gated % Gated % Gated % Gated % Gated % Gated % Gated
of of Ch0.75 of Ch 1.5 of Ch3.0 of of Ch0.75 ofCh 1.5 ofCh3.0

control png/ml png/ml png/ml control pg/ml png/ml png/ml

Mean Live (LL) 87.55 86.57 77.3% 40.45* 90.28 89.32 67.68* 32.08%*

Early Apoptotic (LR) 4.57 42 8.33* 18.17* 4.65 3.47 9.73* 27.87*

Late Apop./Dead (UR)  3.52 3.52 8.20* 21.22% 2.45 2.92 10.50* 36.68%*

Debris (UL) 4.37 5.72 6.17% 20.17* 2.62 43 12.08* 3.37%

Total Apoptotic 8.08 7.72 16.53* 39.39% 7.10 6.38 20.23* 64.55%
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Figure 2. The Effect of Chamuangone on Apoptosis Induction in KKU-100 Cells. (A) Flow cytometric plots showing
live, early apoptotic, late apoptotic, and dead cells after treatment with 0.75, 1.5, and 3.0 pg/mL of Chamuangone for
24 h. (B) treatment with 0.75, 1.5, and 3.0 pg/mL of Chamuangone for 48 h. Using the Muse™ Annexin V & Dead
Cell Kit. (I) Quantitative analysis showing the percentage of apoptotic and live cells. Data represent the mean + SD

(n=3). p <0.05 compared with control.

respectively. At 6 h, the ratios were 62.24, 66.94, and
56.09 for the respective concentrations, while at 24 h,
the ratios further decreased to 45.80, 43.83, and 44.45
(Table 4). All values were significantly lower than those
of the control group. Representative fluorescence images
were captured to compare mitochondrial staining patterns
between control and treated cells (Figure 4 A-C). There
were obvious changes in the fluorescence signal, reflecting
the difference in the Aym values of mitochondria.
The results showed that at all concentrations and at
all time points, the Red/Green ratio of Chamuangone-
treated cells was significantly reduced compared to the
control group (Figure 4 D). Therefore, these results
indicate that Chamuangone induces mitochondrial
membrane depolarization in CCA cells in a time- and
concentration-independent manner within the tested range.

The loss of Aym reflects mitochondrial dysfunction and
supports the involvement of the mitochondrial pathway
in Chamuangone-induced apoptosis.

Chamuangone Induces Intracellular Reactive Oxygen
Species (ROS) in CCA cells

The study investigated the effect of Chamuangone on
the induction of intracellular oxidative stress. KKU-100
cells treated with 3.0 pg/mL of Chamuangone, and the
results were collected at 3, 6, 24, and 48 hours, with the
experiment repeated three times. The results showed that
intracellular ROS levels increased in all treatment groups
compared with the control (Table 5). Quantitative analysis
further indicated that intracellular ROS levels were
significantly increased following Chamuangone exposure
at concentrations of 3.0 pg/mL, which exhibited the highest

Table 3. The Percentage of Ki67-Positive Cells in KKU-100 after Chamuangone Treatment. KKU-100 cells were
treated with Chamuangone at 1.5 and 3.0 ug/mL for 24 h. The percentage of Ki67-positive proliferating cells was
evaluated by immunofluorescence staining. Data represent the mean + SD (n=3), p < 0.05 compared with control.

KKU-100 (24 h) % Gated Negative Cells % Gated Proliferating Ratio % Ratio
(Ki67-) Cells (Ki67+) (Ki67+)/(Ki67-)  (Ki67+)/(Ki67-)
Mean Control 17.68 82.32 53 100
Ch 1.5 pg/ml 31.15 68.85 2.34 49.04*
Ch 3.0 pg/ml 64.63 35.37 0.62 17.02%*
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Figure 3. The Effect of Chamuangone on Ki67 Expression in KKU-100 Cells. (A) Immunofluorescence images of
Ki67-positive cells after treatment with 1.5 and 3.0 pg/mL of Chamuangone for 24 h. Nuclei were counterstained with
DAPI. (B) Quantification of Ki67-positive cell percentage relative to total cells. Data represent the mean + SD (n=3).
p <0.05 compared with control.

fluorescence signals at 6, 24, and 48 hours (Figure 5). This
indicates that Chamuangone at higher concentrations can
effectively induce oxidative stress in KKU-100 cells. The

results of this experiment demonstrated that Chamuangone
can generate ROS and induces oxidative stress, which may
contribute to mitochondrial dysfunction and subsequent
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Figure 4. The Effect of Chamuangone on Mitochondrial Membrane Potential (Aym) in KKU-100 Cells. (A), (B),
(C) Representative JC-1 fluorescence images showing the red (aggregated) and green (monomeric) signals at 3, 6,
and 24 h after treatment with Chamuangone (0.75, 1.5, and 3.0 pg/mL). (D) Quantitative analysis of the red/green
fluorescence ratio indicates mitochondrial depolarization. Data represent the mean + SD (n=3). p < 0.05 compared
with control.

Table 4. The Red/Green Fluorescence Ratio of KKU-100 Cells after Chamuangone Treatment. KKU-100 cells were
treated with Chamuangone at 0.75, 1.5, and 3.0 pg/mL for 3, 6, and 24 h. The mitochondrial membrane potential was

determined by JC-1 staining and expressed as the red/green fluorescence ratio. Data represent the mean + SD (n=3),
p <0.05 compared with control.

JC1 assay 3h 6h 24 h
% % Ch %Ch  %Ch % %Ch %Ch %Ch % %Ch  %Ch %Ch
Control 0.75 1.5 png/ 3.0 Control  0.75 1.5 3.0 Control  0.75 1.5 pg/ 3.0
png/ml ml pg/ml pg/ml  pg/ml  pg/ml pg/ml ml png/ml
Mean % red/green 100 33.21%  35.06% 32.25% 100 62.24* 66.94* 56.09* 100 45.80% 43.83*% 44.45%

fluorescence
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Figure 5. The Effect of Chamuangone on Intracellular Reactive Oxygen Species (ROS) Production in KKU-100 Cells.
Quantitative analysis of relative ROS fluorescence intensity compared with the control group. Data represent the

mean + SD (n=3). p < 0.05 compared with control.

apoptosis.

Chamuangone Suppresses Human Oncogenic-Related
Proteins

Given that higher concentrations of Chamuangone
markedly increased intracellular ROS levels, we
further investigated whether Chamuangone modulates
oncogenic protein-driven oxidative stress using the
Proteome Profiler™ Human XL Oncology Array, which
simultaneously detects 84 cancer-related proteins.
The results revealed that treatment of KKU-100 cells
with Chamuangone at 3.0 pg/mL for 24 h significantly
altered the expression profile of oncogenic proteins
compared with the control group. Among the 84 proteins
analyzed, 11 oncogenic-related proteins were markedly
downregulated following Chamuangone treatment,
including Carbonic Anhydrase 1X, Enolase2, CXCLS8/
IL-8, Galectin-3, EGFR/ErbB1, Progranulin, FGF basic,
Dkk-1, p27/kip1, Mesothelin, Survivin (Table 6). These
proteins are well recognized for their roles in promoting
cancer cell growth, survival, angiogenesis, metastasis,
inflammation and resistance to apoptosis. Notably,
FGF basic showed the most marked reduction among

all proteins analyzed, decreasing from a high basal
expression level in control cells to nearly undetectable
levels following Chamuangone treatment (Figure 6 A-B).
In parallel, Chamuangone disrupts several oncogenic
redox homeostasis—regulating proteins, including EGFR/
ErbB1, CXCLBS/IL-8, Galectin-3, Carbonic anhydrase
IX, Enolase 2, and Survivin (Figure 6 A-B). Based
on the protein array screening, key oncogenic and
oxidative stress—associated proteins were identified as
potential targets of Chamuangone. These findings were
further supported by functional assays demonstrating
increased ROS production, mitochondrial membrane
depolarization, and apoptosis, suggesting a consistent
mechanistic link between oncogenic protein suppression
and Chamuangone-induced cytotoxicity.

Discussion

Based on the experimental results of this research,
Chamuangone exerts potent anticancer effects against
cholangiocarcinoma (CCA) cells through the suppression
of cell viability, demonstrating potent dose- and time-
dependent inhibitory effects. Notedly, KKU-100 cells

Table 5. The Relative Fluorescence Intensity of ROS in KKU-100 Cells after Chamuangone Treatment. KKU-100
Cells were Treated with 3.0 pug/mL of Chamuangone and Measured at 3, 6, 24, and 48 h. Intracellular ROS generation
was detected using DCFH-DA staining. Data represent the mean + SD (n=3), p < 0.05 compared with control.

3h 6h
%Ct  %Ch0.75 %Chl5 %Ch3.0 % Ct %Ch0.75 %Chl5 %Ch3.0
pg/ml png/ml png/ml png/ml pg/ml png/ml
% Relative amount of ROS 100 106.83 118.36 138.45 100 101.26 109.98 128.49*
generation fluorescence
(485/535nm)
24h 48h
%Ct  %Ch0.75 %Chl5 %Ch3.0 % %Ch0.75 %Chl5 %Ch3.0
pg/ml pg/ml ng/ml Control ng/ml pg/ml pg/ml
% Relative amount of ROS 100 104.83 109.93* 152.73* 100 126.35 127.16 161.34*

generation fluorescence
(485/535nm)
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were more sensitive to Chamuangone than KKU-452 cells.
Differential sensitivity of CCA subtypes to Chamuangone
which exhibit distinct molecular and clinical characteristics,
often influencing their susceptibility to various therapeutic
agents [28]. The KKU-100 cell line was established from
a well-differentiated intrahepatic cholangiocarcinoma
derived from a male patient infected with Opisthorchis
viverrini in Thailand. This cell line exhibits epithelial-
like morphology, moderate proliferation with a doubling
time of approximately 38 hours, and moderate migratory
and invasive abilities. KKU 452 is a poorly differentiated
adenocarcinoma with a 17.9 h doubling time, and fast
migration and invasion properties with high expression
of N-cadherin and TP53 mutation [17]. The molecular
heterogeneity of CCA further differences between live
fluke- and non-live fluke-associated such as KRAS, G12D,
and TP53 alteration and contribute to resistance therapy
in CCA [28-30]. Previous studies have also demonstrated
that Chamuangone and related benzophenone derivatives

show varying cytotoxic activity profile in various cancer
cell lines such as cervical cancer [12], breast cancer [13],
and lung cancer [31]. This variability highlights a potential
cell line—specific response, likely driven by the unique
molecular landscapes of different cancer types.
Following the results of the apoptosis assay, which
monitors cell death by apoptosis, showed that exposure
to Chamuangone significantly induced KKU-100 cells
to enter the apoptosis process in both the early and late
apoptotic stages when tested for 24 and 48 hours with
altering in mitochondrial membrane potential (Aym).
Therefore, it can be confirmed that Chamuangone
induces CCA cells death through the mechanism of
programmed cell death. This finding consistency with
previous reports indicating that Chamuangone and
polyprenylated benzophenones from Garcinia species
[32] can inhibit cell growth and induce apoptosis in a
dose- and time-dependent manner [10]. Previous studies
in HeLa cells have confirmed that Chamuangone induces

Table 6. Quantitative Analysis of Downregulated Oncogenic-Related Proteins in KKU-100 Cells after Chamuangone

Treatment.

Protein expressions

Mean Pixel Density

Control* Ch 3.0 pg/ml*
1 Carbonic Anhydrase IX 41.34+£24.20 0
2 Enolase2 44.96 + 31.63 0
3 CXCLS/IL-8 68.00 + 42.86 12.76 +18.04
4 Galectin-3 50.64 +24.40 6.24 + 8.82
5 EGFR/ErbB1 46.63 £2.17 0
6 Progranulin 76.53 £56.97 0
7 FGF basic 122.95 +59.49 0
8 Dkk-1 47.01 £1.55 0
9 p27/kipl 29.34 +£13.33 5.64+7.98
10 Mesothelin 12.50 £3.10 0
11 Survivin 23.46 £ 0.89 0

* Protein expression levels were quantified as mean pixel density normalized to internal positive controls on the array membrane (mean + SD).
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Figure 6. Effect of Chamuangone on the Expression of Cancer-Related Proteins in KKU-100 Cells. (A) Representative
membrane images of protein array blots showing changes in protein spot intensities between control and Chamuangone-
treated cells (3.0 pg/mL, 24 h). (B) Quantitative analysis of downregulated proteins, including Carbonic anhydrase
IX, Enolase 2, CXCLS8/IL-8, Galectin-3, EGFR/ErbB1, Progranulin, basic FGF, Dkk-1, p27/Kipl, Mesothelin, and
Survivin, expressed as normalized mean pixel densities relative to internal positive controls.
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programmed cell death via the mitochondrial pathway,
characterized by a decrease in Aym and can induce
cytochrome c release subsequent activation of caspase-9
and caspase-3 [10, 33]. This mechanism is crucial for
sensitizing cancer cells to chemotherapy, as it triggers
the intrinsic apoptotic pathway through the activation of
mitochondria-dependent signaling [34].

Additionally, Ki67 is a nuclear protein marker that is
expressed during all active phases of the cell cycle (G1,
S, G2, and M phase) but is absent in quiescent cells (GO0),
thus serving as a standard proliferation marker [35]. In
CCA, Ki67 is frequently overexpressed and correlates
with tumor grade and poor prognosis [36, 37]. The
present study revealed that Chamuangone can reduce
cell proliferation by increasing the proportion of cells
in the resting phase (Ki67-negative) and decreasing the
proportion of Ki67-positive cells, which are living and
dividing cells. The reduction in Ki67 expression reflects
impaired cellular proliferative capacity and suggests an
induction of cell cycle arrest at the resting phase, thereby
sensitizing cells to apoptotic signal.

Subsequently, the induction of ROS supports the
involvement of oxidative stress—mediated signaling in
the anticancer mechanism of Chamuangone. Previous
reports has been proposed that Chamuangone induces
ROS generation and apoptosis in other cancer cell lines
[38]. Elevated ROS levels induce oxidative stress, which
damages mitochondria and DNA, ultimately leading to
apoptosis [34, 39]. Natural products such as curcumin,
resveratrol, quercetin and bark extract of Phyllanthus
emblica are known to trigger ROS-mediated apoptosis
through similar mechanisms [40-43]. These findings
suggest that Chamuangone functions as a redox-regulated
compound capable of altering the intracellular oxidative
balance to induce cancer cell death that is a property of
great value for the development of anticancer drugs [44].

The molecular basis underlying Chamuangone-
induced oxidative stress and apoptosis involved with
downregulating 11 oncogenic-related proteins. These
proteins can be grouped into three main functional
categories: 1) cell proliferation and survival, 2)
angiogenesis and invasion, and 3) metabolic adaptation
with intracellular signaling regulation.

In the first category, EGFR, survivin, progranulin,
FGF-basic, and galectin-3 play crucial roles in stimulating
cell growth, evading apoptosis, and mediating intracellular
signaling pathways that promote cancer cell survival [45].
EGFR is predominantly expressed in the biliary duct of
CCA and is closely associated with treatment outcomes
and drug resistance [1, 46]. EGFR-inhibiting compounds
such as gefitinib and other pharmacotherapeutic agents
have been investigated for their efficacy in inducing
apoptosis and sensitizing CCA cells to chemotherapy [21,
47, 48]. Another study has been reported Chamuangone
exhibits stronger EGFR-tyrosine kinase inhibitory
activity than gefitinib [12]. Survivin (BIRCS) is highly
expressed in the bile ducts and functions as an inhibitor
of apoptosis by blocking caspase-3 activation, thereby
preventing programmed cell death [49]. Progranulin
(PGRN) promotes tumor cell proliferation and survival
through the activation of the PI3K/Akt and ERK signaling
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pathways [50, 51]. FGF-basic is a key mediator of cancer
cell proliferation, angiogenesis, and survival through
activation of FGFR-dependent signaling pathways,
including MAPK/ERK and PI3K/Akt [52, 53]. FGF-
basic signaling in the bile ducts is often linked to FGFR2
alterations, which represent important therapeutic
targets in intrahepatic CCA [54, 55]. FGFR2 fusions
predominantly found in intrahepatic CCA patients,
dictates the varying efficacy of targeted therapies and
necessitates a personalized approach to treatment [56-
59]. Among the downregulated proteins, FGF-basic
exhibited the most reduction from a high basal expression
level in control cells to nearly undetectable levels
following Chamuangone treatment. Galectin-3 is highly
expressed in the intrahepatic bile ducts, promoting tumor
progression and enhancing anti-apoptotic activity; its
inhibition has been reported to increase chemosensitivity
and apoptosis [49, 60, 61]. Collectively, these findings
underscore that Chamuangone strongly interferes with
growth factor-driven oncogenic signaling, which may
further sensitize CCA cells to oxidative stress and induce
apoptosis.

In the second category, IL-8, CAIX, FGF-basic, and
Mesothelin [62]. IL-8 acts as a pro-angiogenic cytokine
that promotes endothelial cell migration and is strongly
associated with tumor progression and metastasis in
cholangiocarcinoma [63, 64]. CAIX (Carbonic Anhydrase
IX) is overexpressed under hypoxic conditions and is
correlated with tumor aggressiveness and metastatic
potential in cholangiocarcinoma [65, 66]. Mesothelin
facilitates cancer cell adhesion and peritoneal metastasis,
serving as a diagnostic and therapeutic biomarker in
biliary tract cancers [67]. The decreased levels of these
proteins following Chamuangone treatment suggest that
this compound may inhibit angiogenesis and reduce
cancer cell metastasis.

In the third category, Enolase 2, Dkk-1, and p27
are glycolytic enzyme that enhances energy production
in cancer cells [68]. Dkk-1 acts as a regulator of
Whnt/B-catenin signaling and promotes metastasis in
gastrointestinal and biliary tract cancers [69, 70]. P27/
Kipl, a cyclin-dependent kinase inhibitor, is frequently
downregulated in cholangiocarcinoma, leading to
uncontrolled cell proliferation and tumor progression
[71-73]. Downregulation of these proteins following
Chamuangone exposure suggests a disturbance in
glycolytic reprogramming, which is critical to tumor
metabolic adaptation [74]. Metabolic reprogramming,
particularly the glycolytic transition and mitochondrial
stress, is increasingly recognized as a hallmark of CCA
progression [75].The reduction in these proteins after
Chamuangone exposure might reflect disruption of
signaling and metabolic pathways essential for cancer
growth.

The interplay of these three protein groups is
directly linked to oxidative stress, as increased ROS
affects EGFR and FGF basic signaling, induces CAIX
expression, and disrupts energy metabolism [15, 76, 77].
Therefore, the simultaneous decrease in these proteins
after Chamuangone treatment reflects a systematic
inhibition of redox-responsive cancer gene networks [77].
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FGF-basic and EGFR were significantly downregulated,
which is a key feature, as they are major drivers of CCA
[15, 78]. The inhibition of these two proteins suggests
that Chamuangone may play a dual-pathway inhibitory
role, indicating a high potential for future anticancer drug
development [79]. Overall, the decreased levels of proteins
across all three groups after Chamuangone treatment
demonstrate that this compound exerts anticancer
effects by simultaneously targeting multiple processes,
including cell growth and survival, angiogenesis, and
metabolic adaptation [15, 80]. The underlying mechanisms
include the stimulation of ROS generation, the loss of
mitochondrial membrane potential, and the inhibition of
the EGFR and FGF basic signaling pathway, leading to
decreased cell proliferation and increased apoptosis. These
results are consistent with previous reports indicating that
Chamuangone and polyprenylated benzophenones from
Garcinia exert tumor-suppressive effects via oxidative
stress-dependent apoptosis induction and growth factor
signaling inhibition [13, 15, 80]

In conclusion, Chamuangone demonstrates significant
potential as a novel anticancer drug prototype by
targeting multiple oncogenic signaling pathways and
disrupting redox homeostasis, leading to excessive ROS
accumulation, mitochondrial dysfunction, and activation
of apoptotic cell death pathways. This broad suppression
of oncogenic and redox-regulating mechanisms highlights
Chamuangone as a promising multi-target anticancer agent
for the treatment of CCA.
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