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Abstract

Objective: Triple-negative breast cancer (TNBC) is an aggressive subtype characterized by poor prognosis, high
recurrence rates, and limited targeted therapies, often leading to metastasis in the brain, bones, lungs, and liver. The
NF-kB signaling pathway plays a crucial role in TNBC metastasis. However, the potential of novel herbal medicines
as anti-metastatic agents remains underexplored. This study investigates the effects of Atractylodes lancea (AL) crude
extract on phosphorylated p65 NF-kB reduction and its impact on TNBC cell migration and invasion. Methods: High
performance liquid chromatography (HPLC) analysis identified bioactive compounds in AL crude extract. Cytotoxicity
was evaluated using MTT assays on MDA-MB-231 cells at 24 and 48 hours. Sub-lethal doses from cytotoxicity
assays were used to assess anti-migration and anti-invasive effects via wound healing and gelatin zymography assays,
respectively. Immunoblot analysis examined epithelial-mesenchymal transition (EMT)-related proteins and NF-kB
expression. Result: AL crude extract significantly inhibited TNBC cell proliferation in a dose- and time-dependent
manner, with IC, values of 92.11+0.01 pg/ml (24 h) and 95.80+0.01 pg/ml (48 h). Wound healing assays confirmed
reduced cell migration, while gelatin zymography showed decreased matrix metalloproteinase-9 (MMP-9) enzymatic
activity. Immunoblot analysis revealed increased E-cadherin expression, reduced vimentin expression, and significant
suppression of phosphorylated NF-kBp65 levels. Conclusion: AL crude extract exhibits promising anti-cancer effects
by modulating EMT markers, reducing cell motility, and inhibiting NF-kB signaling. These findings suggest its potential
as a therapeutic agent for TNBC metastasis suppression.
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Introduction

Triple-negative breast cancer (TNBC) is an aggressive
subtype of breast cancer characterized by the absence of
estrogen receptors (ER), progesterone receptors (PR),
and human epidermal growth factor receptor 2 (HER2)
expression [1]. Due to the lack of targeted therapeutic
options, TNBC is often diagnosed at an advanced stage,

brain, bones, lungs, and liver [3], further worsening patient
prognosis. While several FDA-approved treatments for
TNBC exist, their clinical efficacy is often limited by
adverse effects, including cardiotoxicity, hypotension,
and urinary tract infections [1].

Metastasis is a complex, multistep process that begins
with increased cancer cell motility and invasiveness,
primarily driven by epithelial-mesenchymal transition

resulting in high recurrence rates and poor survival
outcomes [2]. Metastatic TNBC commonly spreads to the

(EMT). EMT is a biological process in which epithelial
cells lose their polarity and cell-cell adhesion properties,
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transitioning into a mesenchymal phenotype with
enhanced migratory and invasive capabilities [4]. This
transition is marked by the downregulation of epithelial
markers, such as E-cadherin, and the upregulation of
mesenchymal markers, including N-cadherin, vimentin,
and fibronectin [5]. Additionally, tumor cells secrete
matrix metalloproteinases (MMPs), particularly MMP-2
and MMP-9, which degrade the basement membrane and
extracellular matrix, facilitating invasion and metastasis.
The NF-«B signaling pathway plays a crucial role in
promoting EMT, cell survival, angiogenesis, and immune
modulation in breast cancer [6]. Despite the potential of
NF-«B inhibition as a therapeutic strategy, balancing
efficacy and toxicity remains a significant challenge.

Natural compounds with anti-metastatic properties
offer promising alternatives for cancer treatment due to
their lower toxicity profiles. Atractylodes lancea (AL),
commonly known as Khod-Kha-Mao, is a tuberous plant
from the Asteraceae (Compositae) family, traditionally
used in East Asian medicine for treating rheumatism,
digestive disorders, night blindness, and influenza. Recent
studies have highlighted the anti-cancer potential of AL
extract and its key bioactive components, Atractylodin
(Atr) and B-eudesmol (BE) in various cancers, including
cervical, gastric, and liver cancer, as well as leukemia.
Notably, BE has been shown to inhibit the migration
of cholangiocarcinoma (CCA) cells [7] by suppressing
EMT via the PI3K/AKT and p38MAPK pathways [4].
Additionally, Atr has been reported to induce oxidative
stress-mediated apoptosis and autophagy in breast cancer
cells (MCF-7) by inhibiting the PI3K/Akt/mTOR pathway
[8], while BE has been found to suppress cell proliferation
and induces ferroptosis in TNBC cells (MDA-MB-468
and MDA-MB-231) by modulating the MAPK signaling
pathway [9].

Despite these findings, research on the effects of
AL crude extract in breast cancer remains limited. This
study aims to investigate the anti-cancer properties of AL
crude extract, focusing on its ability to inhibit TNBC cell
migration. We hypothesized that AL crude extract exerts
its anti-migratory effects by suppressing EMT-related
proteins and MMP activity through the inhibition of NF-
kB signaling.

Materials and Methods

Cell cultures

Human triple-negative breast cancer (TNBC) cells
(MDA-MB-231), ATCC (#HTB-26, Middlesex, UK)
were cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10% fetal bovine serum
(FBS; Gibco, Thermo Fisher Scientific, Inc., MA, USA),
100 U/ml penicillin, and 100 mg/ml of streptomycin. The
cells were maintained at 37°C in a humidified incubator
with 5% CO2. The culture medium was replaced twice
per week. For passaging, the cells were detached using
0.25% trypsin-EDTA solution and re-seeded into fresh
culture medium.
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Preparation of Atractylodes lancea crude extract and
high-performance liquid chromatography analysis

Atractylodes lancea (AL) crude extract was provided by
Professor Dr. Kesara Na-Bangchang from the Chulabhorn
International College of Medicine, Thammasat University.
The extraction process followed the methodology
described by Na-Bangchang et al. [10]. To prepare the
stock solution, the AL crude extract was dissolved in
absolute ethanol to a final concentration of 70 mg/ml.
High-performance liquid chromatography (HPLC) was
used to analyze the bioactive components, comparing the
composition of the extracted AL with standard reference
compounds. The HPLC conditions were based on the
method described by Jin Sun et al [11]. The mobile phase
consisted of 0.2% phosphoric acid in ultrapure water
and acetonitrile, with a flow rate of 1 ml/min and a total
run time of 80 minutes. Detection was performed at two
wavelengths: 208 nm for f-eudesmol (BE) and 340 nm
for Atractylodin (Atr).

Cell viability assay

The cytotoxicity of Atractylodes lancea (AL) crude
extract on MDA-MB-231 cells was evaluated using
the MTT assay with 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (Sigma Aldrich, St. Louis,
MO, USA). Cells were seeded at a density of 10,000 cells
per well in a 96-well plate and incubated for 24 hours at
37°C in a humidified atmosphere of 5% CO,. Following
incubation, the cells were treated with AL crude extract
at concentrations ranging from 0 and 160 pg/ml and
incubated for either 24 or 48 hours. After treatment, MTT
reagent was added to each well and incubated for 3 hours
at 37°C. The culture supernatant was then removed, and
dimethyl sulfoxide (DMSO) was added to dissolve the
formazan crystals. Optical density (OD) was measured
at 570 and 690 nm using a microplate spectrophotometer
(BioTex Instruments, USA). Cell viability percentages
and IC, values (the concentration required to inhibit 50%
of cell growth) were calculated using GraphPad Prism
version 5.0.

Wound healing assay

To evaluate the effect of AL crude extract on cancer cell
migration, a scratch assay was performed. MDA-MB-231
cells were seeded in 24-well plates at a density of 2x105
cells per well and incubated for 24 hours. After incubation,
the culture supernatant was removed, and a scratch wound
was created using a sterile 200-ul pipette tip. The cells
were then treated with sublethal concentrations of AL
crude extract (40, 60, and 80 pg/ml). Cancer cell migration
was assessed by measuring the wound area at 0 and 24
hours using an inverted microscope. The extent of wound
closure was analyzed with ImagelJ software to quantify
cell migration.

Gelatin zymography assay

To assess metalloproteinase activity in MDA-MB-231
cell culture supernatants, a gelatin-zymography was
performed following standard procedures modified by
Lima et al [12]. Cell culture supernatants were mixed
with 5x non-reducing buffer and separated in SDS—
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polyacrylamide gels (10% w/v acrylamide) copolymerized
with 1% (w/v) gelatin. After electrophoresis, the gel was
washed twice for 30 minutes in washing buffer, followed
by a 5-10 minute rinse in incubation buffer containing
Triton X-100. The buffer was then replaced with fresh
incubation buffer, and the gel was incubated at 37°C
for 24 hours. To visualize gelatinase activity, the gel
was stained with Coomassie blue for 30 minutes and
rinsed with distilled water. White bands indicated areas
of gelatinase activity, and protein band intensities were
determined using a scanner.

Immunoblot Analysis

Immunoblot analysis was conducted to evaluate the
expression levels of epithelial-mesenchymal transition
(EMT)-related proteins, including an epithelial marker
(E-cadherin), a mesenchymal marker (vimentin), and
upstream regulatory proteins involved in the migration
pathway (NF-kBp65 and p-NF-kBp65). These protein
levels were assessed in MDA-MB 231 cells following
exposure to various concentrations of AL crud extract
for 12 and 24 hours. Cells were first washed with cold 1x
PBS and lysed with RIPA buffer at 4°C. The lysates were
then centrifugated at 13,000 rpm for 20 minutes, and the
supernatants were collected. Protein samples were mixed
with 5% loading buffer and heated at 95°C for 5 minutes
before being subjected to electrophoresis and transferred
onto a polyvinylidene difluoride (PVDF) membrane.
To block non-specific binding, the PVDF membranes
was incubated with 5% skimmed milk dissolved in PBS
for 1 hour. It was then incubated overnight at 4°C with
primary antibodies diluted in 2.5% skimmed milk in
PBS containing 0.1% Tween-20. The primary antibodies
used included vimentin (D21H3), E-cadherin (24E10),
NF-xBp65 (D14E12), p-NF-xBp65 (Ser536) (93H1),
and B-Actin (§H10D10) (Cell Signaling Technology,
Danvers, MA, USA). Detection of target proteins was
performed using HRP-conjugated secondary antibodies
(goat anti-rabbit and/or anti-mouse). Chemiluminescent

signals were generated by exposing the PVDF membrane
to an Enhanced Chemiluminescence (ECL) substrate or
an alternative chemiluminescent reagent. The emitted
light signals were captured using an ImageQuant LAS
5000 Chemiluminescent Imaging System (GE, Boston,
MA, USA), and protein signal intensities were quantified
using Imagel software.

Statistical analysis

All data are expressed as the mean + standard error
of the mean (SEM) from at least three independent
experiments. Differences between each experimental
group and the control group were analyzed using a one-
way analysis of variance (ANOVA) followed by Dunnett’s
multiple comparison tests. Statistical significance was set
atp <0.05. Data analysis was performed using GraphPad
Prism 5.0 software (San Diego, CA, USA).

Results

HPLC Chromatographic Profiling of AL Crude Extract

High-Performance Liquid Chromatography (HPLC)
was used to analyze the chemical composition of the AL
crude extract, aiming to identify its primary bioactive
constituents. A chromatogram was generated using
an HPLC system, with a reference standard mixture
for comparison. This mixture contained two known
compounds: beta-eudesmol (BE) at 2.2237 mg/ml, and
atractylodin (Atr) at 500 pg/mL (Figure 1). Quantitative
analysis of the AL crude extract revealed concentrations
of BE and Atr at 0.59 mg/ml (2.95%) and 337.17 pg/
mL (13.91%), respectively. These findings confirm that
beta-eudesmol and atractylodin are the major bioactive
compounds in the extract, both of which have been
previously recognized for their anti-cancer properties.
Based on these results, triple-negative breast cancer
(TNBC) was selected as a model to further investigate
the anti-cancer potential of AL.
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Figure 1. HPLC Chromatogram of the Reference Standard Mixture Containing 2.2237 mg/mL of B-eudesmol and 500

ug/mL of Atractylodin.
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Figure 2. Bar Graphs Depict the Cell Viability (%) of MDA-MB 231 (A) cells after exposure to various concentrations
of AL crude extract for 24 and 48 hours. Line graphs illustrate the half-maximal inhibitory concentration (IC50). Cell
viability was assessed using the MTT assay. Data are presented as mean+=SEM from three independent experiments.
*p <0.05, **p < 0.01, and ***p < 0.001 vs untreated control cells.

AL Crude Extract Inhibits BC Cell Proliferation The results demonstrated that AL crude extract inhibited

To evaluate the anti-cancer effects of AL on TNBC,  cell migration in a dose-dependent manner (Figure 3A).
MDA-MB 231 cells were treated with AL crude extract  After 24 hours of treatment with 40, 60, and 80 pg/ml of
at concentrations ranging from 0 to 160 pg/ml for 24 AL crude extract, the percentage of wound closure was
and 48 hours. Cell viability was then assessed using the  significantly reduced compared to the untreated control.
MTT assay. As shown in Figure 2A, the half-maximal = The mean (+ SEM) wound closure percentages for
inhibitory concentrations (IC)) values of AL extract =~ MDA-MB 231 cells were 33.54+3.51%, 27.1443.18%,
were 92.11+0.01 pg/mL at 24 hours and 95.80+0.01 pg/  and 23.62+5.92%, respectively (Figure 3B). These
ml at 48 hours (Figure 2B). These results indicate that  findings suggest that AL effectively suppresses cancer
AL exerts a dose-dependent anti-proliferative effect on  cell migration in a dose-dependent manner. To further
MDA-MB-231 cells. Based on these findings, sub-lethal ~ investigate its anti-metastatic potential, an assay was
doses (maintaining over 75% cell viability) were selected ~ conducted to assess the effect of AL on MMP activity.
for further investigation of the extract’s anti-metastatic

properties. AL Crude Extract Suppresses MMP-9 Activity in BC Cells
To evaluate the effect of the AL crude extract on
AL Crude Extract Inhibits BC Cell Migration MMP-9 and MMP-2 activity, a gelatin zymography

To evaluate the effect of AL crude extract on cell  assay was performed using MDA-MB 231 cells. The
migration, a wound healing assay was performed using  cells were treated with previously determined sublethal
sublethal doses determined from the previous MTT  concentrations of AL crude extract, and the gelatinolytic
assay. A scratch was created in the MDA-MB-231cell  activity of MMP-9 and MMP-2 in the extracellular media

monolayer, and images were captured to assess migration. ~ was analyzed after 24 hours (Figure 4A). The results
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Figure 3. AL Crude Extract Inhibited Wound Closure in MDA-MB 231 Cells. (A) Representative images show cell
migration following exposure to 0, 40, 60, and 80 ng/ mL of AL crude extract. Images were captured at 0 and 24 hours
to assess wound closure. (B) Bar graphs quantify cell migration as the percentage of wound closure at 24 hours. Data
are presented as mean £ SEM from three independent experiments. **p < 0.01, ***p < 0.001 vs untreated control
cells.
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Figure 4. Gelatinolytic Activity by AL Crude Extract in MDA-MB 231 Cells. (A) Zymographic profiles of MMP-9 and
MMP-2 activities following exposure to 0, 40, 60, and 80 pg/mL of AL crude extract. Clear bands against a dark blue
background indicated gelatinase activity. (B) Bar graphs quantify the percentage of MMP-9 and MMP-2 activities after
24 hours of exposure. Data are presented as mean + SEM from three independent experiments. *p < 0.05, **p < 0.01,
*#%p < 0.001 vs untreated control cells.
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Figure 5. Immunoblot Analysis of the Effect of AL Crude Extract on EMT Marker Expression in MDA-MB-231 Cells.
(A) Representative protein bands showing the expression levels of E-cadherin and vimentin in cells treated with 0,
40, 60, and 80 pg/mL of AL crude extract for 24 hours. (B) Bar graphs display normalized E-cadherin and vimentin
expression relative to B-actin, which served as the internal loading control. Data are presented as means = SEM from
three independent experiments. *p < 0.05, **p < 0.01, ***p <0.001 vs. untreated control cells (one-way ANOVA).
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Figure 6. Immunoblot Analysis of the Effect of AL Crude Extract on NF-kBp65 and p-NF-kBp65 Expression in
MDA-MB-231 Cells. (A) Representative protein bands showing NF-kBp65 and p-NF-kBp65 expression levels in
cells treated with 0, 40, 60, and 80 pg/ mL of AL crude extract for 12 hours. (B) Bar graphs display normalized
NF-kBp65 and p-NF-kBp65 expression relative to B-actin. B-actin served as the internal loading control. Data are
presented as means = SEM from three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001 vs. untreated

control cells (one-way ANOVA).

showed that AL crude extract significantly inhibited
MMP-9 activity in a dose-dependent manner. Specifically,
the mean (£ SEM) MMP-9 activity in MDA-MB-231 cells
treated with 40, 60, and 80 pg/mL of AL crude extract was
reduced to 76.924+6.40%, 60.62+4.76%, and 43.25+6.01%,
respectively. In contrast, MMP-2 activity remained largely
unaffected (Figure 4B). These findings indicate that AL
crude extract effectively suppresses MMP-9-mediated
gelatin degradation, which may contribute to its anti-
metastatic potential. To further investigate its mechanism
of action, key signaling molecules involved in migration
and invasion were selected for analysis.

AL Crude Extract Suppresses EMT-Related Proteins via
NF- kB Signaling

The epithelial-to-mesenchymal transition (EMT)
is a key process in cancer progression and metastasis,
characterized by decreased E-cadherin and increased
vimentin expression. In MDA-MB-231 cells, the control
group exhibited low E-cadherin levels and high vimentin
levels, indicating the loss of epithelial characteristics
and the occurrence of EMT. However, treatment with
80 png/mL of AL crude extract significantly increased
E-cadherin expression, while vimentin expression was
significantly reduced at 60, and 80 pg/ml (Figure SA and
B). The NF-kB signaling pathway is known to regulate
cancer cell invasiveness and migration. To assess its
involvement, the expression levels of NF-kBp65 and
its phosphorylated form (p-NF-kBp65 at Ser536) were
analyzed. After 12 hours of exposure to AL crude extract,
total NF-kBp65 levels showed a decreasing trend, though
the reduction was not statistically significant. In contrast,
the phosphorylated form (p-NF-kBp65 ser536) was
significantly reduced at 60 and 80 pg/mL of AL crude
extract (Figure 6A and B). These findings suggest that
NF-kB p65 phosphorylation plays a role in MDA-MB-231
cell metastasis. Furthermore, AL crude extract reduces
cell migration and suppresses MMP-9 degradation
activity after 24 hours of treatment, indicating its potential
anti-metastatic effects.
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Discussion

Breast cancer is the leading cause in cancer-related
deaths among women worldwide. One of the major
challenges in breast cancer treatment is the limited
availability of effective medications, which is further
exacerbated by the rapid emergence of drugs resistance,
particularly in triple-negative breast cancer (TNBC) [13].
The primary cause for mortality in breast cancer patients is
the metastasis to vital organs such as the liver, lungs, and
brain, which can occur even in the early stages of disease
progression. As a result, standard treatments often yield
suboptimal outcomes, including drug resistance, cancer
recurrence, and severe adverse effects [14].

Given these challenges, there is a growing need
to explore complementary and alternative therapeutic
strategies. Previous studies have reported that AL crude
extract possesses anti-cancer properties [7]. This study
investigated its cytotoxic effects on breast cancer cells,
revealing a dose- and time-demependent cytotoxicity,
consistent prior findings demonstrating similar effects
in human gastric cancer cells [15]. Additionally, an
ethanolic extract from AL rhizomes was shown to inhibit
cholangiocarcinoma (CCA) with an IC, of 24.09+3.40
pg/mL (mean+SD) [16]. Moreover, sesquiterpenoids from
Atractylodes ovata have been reported to exhibit cytotoxic
activity against leukemia cells [17]. Since previous
phytochemical analyses have confirmed the presence of
sesquiterpenoids in AL [10], our findings suggest that AL
crude extract may have broad anti-cancer potential by
reducing cell viability in multiple cancer types.

A key factor contributing to the high mortality rate of
aggressive breast cancer is its strong metastatic potential.
Early detection significantly improves survival rates;
however, breast cancer is often diagnosed only after it
has metastasized [1]. TNBC is known to exhibit high
levels of vimentin, N-cadherin, and cadherin-11 markers
indicative of epithelial-to-mesenchymal transition (EMT),
a process that facilitates metastasis through extracellular
matrix (ECM) remodeling via matrix metalloproteinases
(MMPs) [18]. As expected, E-cadherin expression is
typically absent in TNBC [19]. In this study, treatment
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with AL crude extract suppressed breast cancer cell
migration, upregulated the epithelial marker E-cadherin in
MDA-MB-231 cells, and downregulated the mesenchymal
marker vimentin, suggesting an EMT-inhibitory effect.

EMT is a complex process regulated by multiple
signaling pathways [20]. Among these, the NF-kB
pathway plays a crucial role in stabilizing key EMT
regulators such as Snail and Twistl, which drive the
transition to a more motile mesenchymal state [21-23].
Inhibition of NF-kB signaling has been shown to reduce
cancer cell migration and invasion. To investigate the
involvement of this pathway, we analyzed the expression
of NF-kBp65 and its phosphorylated form at Serine 536,
which is associated with enhanced migration capability
in breast cancer cells. Our findings demonstrated that AL
crude extract significantly reduced p-NF-kBp65 levels in
MDA-MB-231 cells (Figure 6), supporting the hypothesis
that AL suppresses cancer cell migration by modulating
NF-kB signaling.

Furthermore, previous studies have established
that MMP-2 and MMP-9 play crucial roles in ECM
degradation, promoting tumor invasion and metastasis
[24]. MMP-2 and MMP-9 expressions are significantly
higher in breast cancer cells (MDA-MB 231 and MCF-7)
compared to normal breast cells (eHS578Bst) [14]. Our
gelatin zymography results suggest that AL crude extract
inhibits MMP-9 activity, likely through NF-kB suppression
in aggressive breast cancer. These findings are consistent
with prior research showing that andrographolide, a
diterpenoid lactone from Andrographis paniculata,
suppresses MDA-MB-231 migration and invasion by
inhibiting NF-kB-dependent MMP-9 production [25].
Similarly, Kang et al. reported that Glaucine, an alkaloid
isolated from Corydalis turtschaninovii tubers, inhibits
MDA-MB-231 invasion by suppressing MMP-9 via the
NF-kB pathway [26]. These studies highlight the critical
role of NF-kB in breast cancer metastasis and further
support AL crude extract as a promising anti-metastatic
agent. However, the major bioactive compounds, such as
atractylodin and B-eudesmol, should be tested to clarify
the synergistic effects in TNBC.

Our findings provide additional evidence that AL
crude extract inhibits breast cancer cell proliferation
and migration. The observed suppression of MMP-9
activity and EMT-related markers is likely mediated
through NF-kB signaling inhibition. However, cytotoxic
insight, including apoptosis and cell cycle analysis,
will be needed to further explore. Future studies should
focus on identifying the major bioactive compounds
within AL crude extract to enhance therapeutic precision
and reliability. With an understanding of the molecular
mechanisms underlying its anti-cancer properties,
AL crude extract may serve as a valuable adjunct to
conventional chemotherapy, offering novel treatment
strategies based on natural compounds.
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