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In vitro evaluation of the anti-breast cancer properties and gene
expression profiles of Thai traditional formulary medicine extracts
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Abstract. Breast cancer is a leading cause of cancer-related
deaths worldwide. Moreover, standard treatments are limited,
so new alternative treatments are required. Thai traditional
formulary medicine (TTFM) utilizes certain herbs to treat
different diseases due to their dominant properties including
anti-fungal, anti-bacterial, antigenotoxic, anti-inflammatory
and anti-cancer actions. However, very little is known about
the anti-cancer properties of TTFM against breast cancer
cells and the underlying molecular mechanism has not been
elucidated. Therefore, the present study, evaluated the metabo-
lite profiles of TTFM extracts, the anti-cancer activities of
TTFM extracts, their effects on the apoptosis pathway and
associated gene expression profiles. Liquid chromatography
with tandem mass spectroscopy analysis identified a total of
226 compounds within the TTFM extracts. Several of these
compounds have been previously shown to have an anti-cancer
effect in certain cancer types. The MTT results demonstrated
that the TTFM extracts significantly reduced the cell viability
of the breast cancer 4T1 and MDA-MB-231 cell lines.
Moreover, an apoptosis assay, demonstrated that the TTFM
extracts significantly increased the proportion of apoptotic
cells. Furthermore, the RNA-sequencing results demonstrated
that 25 known genes were affected by TTFM treatment in 4T1
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cells. TTFM treatment significantly up-regulated Slc5a8 and
Arhgap9 expression compared with untreated cells. Moreover,
Cybb, and Bach2os were significantly downregulated after
TTFM treatment compared with untreated cells. Reverse tran-
scription-quantitative PCR demonstrated that TTFM extract
treatment significantly increased Slc5a8 and Arhgap9 mRNA
expression levels and significantly decreased Cybb mRNA
expression levels. Moreover, the mRNA expression levels
of Bax and Casp9 were significantly increased after TTFM
treatment in 4T1 cells compared with EpH4-Ev cells. These
findings indicated anti-breast cancer activity via induction
of the apoptotic process. However, further experiments are
required to elucidate how TTFM specifically regulates genes
and proteins. This study supports the potential usage of TTFM
extracts for the development of anti-cancer drugs.

Introduction

A major public health issue and one of the leading causes
of death worldwide is breast cancer (BC). BC is the third
most prevalent malignancy in Thailand, and its occurrence
is steadily rising (1,2). The World Health Organization has
reported that >20,000 new cases of BC (11.6% of all cases)
were reported in Thailand in 2020 (3). There are currently
only a few standard treatments available for breast cancer
because of the negative side-effects, high cost and cancer
development associated with current treatments. New comple-
mentary therapies are therefore required and one option that
has drawn interest from cancer patients is treatment with Thai
traditional formulary medicine (TTFM) or a combination of
contemporary medicine and specific natural items, such as
herbs (4-6).

TTFMs are a valuable legacy of Thai ancestral knowledge.
Numerous herbs used in TTFM recipes have been previously
reported to have anti-fungal, anti-bacterial, anti-genotoxic,
anti-inflammatory and anti-cancer properties (7-9). Over
hundreds of years, different TTFM recipes have been success-
fully utilized to treat symptoms related to breast and intestinal
problems. The TTFM recipe used in the present study was
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taken from the TTFM, Atisaravak scripture and included
seventeen dried herbs (Table I).

Moreover, consuming a diet rich in micronutrients such as
fiber, minerals, vitamins and phytonutrients has been reported
to reduce the risk of BC and to demonstrated preventative
anti-cancer activity (26). Many phytochemical compounds
including phenolic compounds (such as, coumarins, flavo-
noids, lignans, phenolic acids, quinones, stilbenes and tannins),
nitrogen compounds (such as alkaloids, amines and betalains),
vitamins (such as A, C, D and E) and terpenes (including
carotenoids) derived from certain herbs in the TTFM recipe
have been reported to have the cytotoxic effects against certain
cancer cells, such as non-small cell lung cancer (13,14), cervical
cancer (27), colon cancer (28), gastric cancer (29), leukemic
cancer (15,24) and breast cancer (22,23,25). Furthermore, a
previous in vitro study reported that a variety of phytochem-
ical substances plays a crucial part in inflammation in breast
cancer (30).

The mixture of TTFM recipe in this combination may
balance the effects of each phytochemical, lessen any adverse
effects and increase the efficacy of the treatment because each
herb, according to TTFM, possesses a range of medicinal
characteristics. However, no research has either proven the
efficacy of the TTFM formula against breast cancer cells or
has elucidated the underlying molecular mechanisms (31).

Therefore, the present study assessed the secondary
metabolites (phytochemical profile) of the TTFM extracts
and their effects against cancer cells as well as biological
properties, such as their effects on programmed cell death and
the effect of whole RNA expression upon treatment in breast
cancer cells.

Materials and methods

Preparation of TTFM extraction. The dried plant materials
(Table I) were purchased from a Thai traditional medicine
shop (Chao-Krom-Poe Dispensary Pharmacy). The mixed
plant materials were boiled in 3.15 | of water for 30 min. After
passing through the sterile voile fabric, the sample was centri-
fuged at 1,610 x g at 4°C for 20 min. The pellet was discarded,
while the supernatants were lyophilized and then kept at -20°C
until use.

High-performance liquid chromatography (HPLC)
fractionation. HPLC fractionation was performed before
liquid chromatography with tandem mass spectroscopy
(LC-MS/MS) analysis. Briefly, 20 ug of dried TTFM
extracts were incubated in 90% methanol at 25°C and shaken
at 1,300 rpm for 20 min. The mixture was then centrifuged
at 17,000 x g at 4°C for 10 min, the supernatants were
then collected and transferred to an HPLC vial (Agilent
Technologies, Inc.). Fractionations were performed using
reversed phase high performance liquid chromatography
(RP-HPLC) on an Agilent 1200 HPLC device coupled with
a 1260 Infinity II with a UV detector (Agilent Technologies,
Inc.). The solvents used for HPLC fractionation were ultrapure
water (type I water) subjected to purification with a MilliQ
system (Merck KGaA) to obtain an electrical resistance of
18.2 MW as solvent A and acetonitrile of HPLC grade (RCI
Labscan, Ltd.) as solvent B. The column stationary phase was

graphitic porous carbon (Hypercarb; 100x2.1 mm; particle
size, 3 um; Thermo Fisher Scientific, Inc.) with a controlled
temperature of 65+0.8°C. The mobile phases with a flow
rate of 0.2 ml/min were programmed as follows: 0-5 min,
isocratic elution of 5% B; 5-40 min, gradient elution of 2.28%
B/min; 40-50 min, isocratic elution of 100% B (column wash);
50-65 min, isocratic elution of 5% B (recondition of the
HPLC column); four fractions (2 ml each) were collected for
LC-MS/MS analysis.

Ultra-high performance liquid chromatography-MS/MS
(UHPLC-MS/MS) characterization. Data dependent analysis
was used for untargeted metabolomics measurements, which
were performed using a Dionex Ultimate 3000 HPLC coupled
with an Orbitrap Q exactive focus mass spectrometer (Thermo
Fisher Scientific, Inc.). The heated electrospray ionisation
source parameters were set as follows: Sheath gas flow rate
of 30 arbitrary unit; aux gas flow of 10 I/min; spray voltage
of 3 kV; capillary temperature of 350°C; S-lens RF level of
60; auxiliary gas heater temperature of 300°C. Separation of
polar metabolites was performed using an Acclaim™ Polar
Advantage II (250x3 mm; Thermo Fisher Scientific, Inc.)
set to a 3 um particle size. The mobile phases were prepared
according to the aforementioned method. The settings for the
LC gradient were 0-5 min, isocratic elution of 1% B; 5-40 min,
gradient elution of 1.5% B/min; 40-47 min, isocratic elution of
100% B (column wash); 47-65 min, isocratic elution of 1% B
(recondition of the HPLC column).

Differential peak identification was performed using
MS-Dial software (version 4.90) (32). Raw files were converted
into Analysis Base Framework (ABF) format using an ABF
file converter (http://www.reifycs.com/AbfConverter/index.
html). In MS-DIAL, the converted files were processed with
default parameters for deconvolution, peak picking, alignment
and compound identification based on public MSP-formatted
libraries (MSPs) for both positive and negative ionization
modes (http://prime.psc.riken.jp/compms/msdial/main.
html#MSP). The MS/MS analytical conditions (scan range,
70-1035 m/z) comprised a minimum peak height of 1,000
amplitude, m/z search tolerance of 0.01 Da, data acquisition
with centroid mode and the filter of peak alignment before
removal of features based on blank information.

Cell culture. The mouse 4T1 cell line [American Type Culture
Collection (ATCC) CRL-2539™1], which mimics stage IV
human breast cancer, were cultured in RPMI-1640 medium
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with
10% heat-inactivated fetal bovine serum (Gibco; Thermo
Fisher Scientific, Inc.), 2 mM L-glutamine (Gibco; Thermo
Fisher Scientific, Inc.), | mM sodium pyruvate (Gibco; Thermo
Fisher Scientific, Inc.), 10 mM HEPES (Gibco; Thermo Fisher
Scientific, Inc.), 4,500 mg/I glucose (Gibco; Thermo Fisher
Scientific, Inc.), 1,500 mg/l sodium bicarbonate (Gibco;
Thermo Fisher Scientific, Inc.) and 1% Antibiotic-Antimycotic
(Gibco; Thermo Fisher Scientific, Inc.). The breast cancer
MDA-MB-231 cell line (gift from The Ketchart Laboratory,
Faculty of Medicine, Chulalongkorn University) was cultured
in DMEM supplemented with 10% heat-inactivated fetal
bovine serum (Gibco; Thermo Fisher Scientific, Inc.) and 1%
Antibiotic-Antimycotic (Gibco; Thermo Fisher Scientific,
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Table I. The portion of the herb used and the amount of each ingredient in the Thai traditional formulary medicine formulation.

Scientific name Common name Part used Ratio (%) (Refs.)
Ligusticum sinense Oliv.cv. Chaxiong Sichuan lovage Rhizome 4.76 (10,11)
Angelica dahurica Chinese angelica Root 4.76 (12)
Atractylodes lancea (Thunb.) DC Cang Zhu Rhizome 4.76 (13)
Artemisia annua L Sweet wormwood Leaf and flower 4.76 (14)
Angelica sinensis (Oliv.) Diels Danggui Root 4.76 N/A
Lepidium sativum L Garden cress Seed 476 (15)
Nigella sativa L Black cumin Seed 4.76 (16,17)
Cuminum cyminum L Cumin Fruit 4.76 a7
Foeniculum vulgare Miller Fennel Fruit 4.76 N/A
Anethum graveolens L Dill Fruit 476 (18)
Amomum villosum Lour Bastard cardamom Seed 476 (19)
Amomum kravanh Cambodian cardamom Fruit 476 (20)
Syzygium aromaticum (L.) Merr. & L.M.Perry Cloves Flower 4.76 (21)
Caesalpinia sappan L Sappan Wood Wood 9.52 (22)
Maclura cochinchinensis (Lour.) Corner Cockspur thorn Wood 9.52 N/A
Curcuma zedoaria Zedoary Rhizome 9.52 (23)
Punica granatum L Pomegranate Peel 9.52 (24,25)

N/A, no reference identified.

Inc.). The study also included the normal EpH4-Ev breast cell
line (ATCC CRL-30639™), as the control, which was cultured
in Dulbecco's Modified Eagle's Medium (DMEM, Gibco;
Thermo Fisher Scientific, Inc.) supplemented with 10% Calf
Bovine Serum (ATCC), 1.2 ug/ml puromycin dihydrochlo-
ride (Merck KGaA) and 1% Antibiotic-Antimycotic (Gibco;
Thermo Fisher Scientific, Inc.). All cells were maintained
under 5% CO, at 37°C.

Cell viability assay. An MTT test was used to perform a cell
viability assay. Briefly, each of the cell lines were seeded
(1x10%) in 96 well-microplates and incubated under 5% CO,
at 37°C for 24 h. Then, cells were exposed to TTFM extracts
(final concentrations, 0, 25, 50, 75, 100, 200 and 400 ug/ml).
After adding extracts, cells were incubated for 5 days without
changing the medium or substituting the TTFM extracts.
After incubation, treated cells were assessed with 0.4 mg/m
of the membrane-permeable MTT dye (Abcam) for 3 h. The
water-insoluble formazan crystals were dissolved in DMSO
(Merck KGaA) and the absorbance (570 nm) was quantified
using a microplate reader (Thermo Fisher Scientific, Inc.).

Apoptosis assay. 4T1 cells were seeded (1x10°) in 24
well-microplates and incubated under 5% CO, at 37°C for 24 h.
Cells were then treated with TTFM extracts and incubated
at 37°C for 72 h. The cells were then harvested and washed
twice with cold PBS (Gibco; Thermo Fisher Scientific, Inc.).
Cells were stained using a FITC Annexin V Apoptosis detec-
tion kit with propidium iodide (Biolegend, Inc.) in the dark
at 25°C for 15 min. Finally, the fluorescent intensity of stained
cells was evaluated using a BD™ LSR II flow cytometer (BD
Biosciences). The data were analyzed using BD FACSDiva™
Software v. 6.1.3 (BD Biosciences).

RNA preparation and sequencing (RNA-seq). Total RNA
was extracted from TTFM-treated 4T1 cells, TTFM-treated
EpH4-Ev cells, and untreated cells using a RNeasy mini kit
(Qiagen, Inc.). The concentration and RNA integrity were
assessed using a Qubit RNA assay kit and Qubit RNA IQ
assay kit (Invitrogen; Thermo Fisher Scientific, Inc.). A
Bioanalyzer® (Agilent Technologies, Inc.) was used to verify
the quality and the integrity of processed samples. The
library preparation and RNA sequencing were performed
commercially by Vishuo Biomedical Pte., Ltd. according to
the manufacturer's standard protocols. The library prepara-
tion was performed using a NEBNext® Ultra™ RNA Library
Prep Kit for Illumina® (Illumina, Inc.). Briefly, 1 g of total
RNA was utilized. Oligo(dT) beads were used to isolate
poly(A) mRNA. High temperature (94°C) and divalent cations
were used to fragment the mRNA. Random primers from the
Library Prep Kit were used for cDNA synthesis. For first
strand cDNA synthesis, 25°C (10 min), 42°C (15 min), and
70°C (15 min) were used, followed by second strand cDNA
synthesis at 16°C (1 h). T-A ligation was then used to add
adaptors to both ends of the purified double-stranded cDNA,
which had previously been treated to repair both ends and
add a dA-tail in a single reaction. Then, DNA clean beads
were used for size-selection (>200 nt) of the adaptor-ligated
DNA. Each library was verified using an Bioanalyzer®
Agilent High Sensitivity Chip (Agilent Technologies, Inc.)
and quantified using KAPA Library Quantification Kits
(Hoffmann-La Roche, Ltd). Subsequently, libraries with
various indexes were multiplexed (3 nM final concentration)
and loaded onto a NovaSeq 6000 instrument (Il1lumina,
Inc.) with NovaSeq 6000 SP Reagent Kit v1.5 (300 cycles;
Illumina, Inc.) for paired-end (2x150) sequencing according
to the manufacturer's protocols.



4 KHAMWUT et al: THAI TRADITIONAL FORMULARY MEDICINE ON ANTI-BREAST CANCER AND GENE EXPRESSION

Table II. Compounds extracted from Thai traditional formulary medicine reported to exert anti-cancer properties.

Compound
name Pathway Cancer type (Refs.)
Betaine Suppression of the colon tumor formation by inhibition of NF-kB and Colitis-associated (55)
inflammatory cytokines such as TNF-a, IL-6, iNOS and COX-2 colon cancer
Costunolide Elevation of the expression of pro-apoptotic protein Bax while lowering the ~ Skin cancer and (44 45)
expression of anti-apoptotic proteins, including Bcl-2 and Bel-xL Melanoma
Suppression of melanoma cell growth via the AKT/mTOR signaling
pathway
Cyanidin Activation of apoptosis by caspase-3 cleavage and DNA fragmentation Breast cancer (46 .47)
through the Bcl-2 and Bax signaling pathway
Down-regulation of Sirtl expression via inhibition of mRNA translation
D-limonene Suppression of lung cancer growth and induction of apoptosis via a Lung cancer (60)
mechanism involving autophagy
Geranic acid Induction of apoptosis by induction of the activity of the caspase-3 protein Colon cancer (61)
Ginkgolide A Inhibitory effect appeared to be cell cycle blockage at G,/G, to S phase Ovarian cancer (56)
Hinokitiol Increased reactive oxygen species level and activated apoptosis and Endometrial (48.,49)
autophagy through the ERK1/2 signaling pathway cancer and breast
Inhibition of heparanase via extracellular signal-regulated kinase and cancer
protein kinase B signaling pathway
L-arginine Enhancement of anti-tumor effects in breast cancer mice by improving the Breast cancer (62)
immune status
Increased the proliferation of CD8* and CD4* Th1 effector T cells and
IFN-v, as well as decreased frequency of myeloid-derived suppressor cells
Oleic acid Decreased IFN-y-induced expression of PD-L1, Bax, Bcl-2 and caspase 3 Lung cancer (50)
Inhibition of PD-1 expression and induction of apoptosis via STAT
phosphorylation
Parecoxib Inhibition of epithelial-mesenchymal transition and metastasis by Colon cancer 57)
downregulation of the Wnt/B-catenin signaling pathway
Pentadecanoic  Increased the expression of cleaved caspase-3, -7, -8 and -9, which are Breast cancer oy
acid involved in the induction of apoptosis
Inhibition of JAK2/STAT3 signaling pathway
Sinapic acid Downregulation of the AKT/Gsk-3f signal pathway Pancreatic cancer (58)
Syringic acid Induction of apoptosis, inhibition of inflammation and the suppression of Gastric cancer (52)
the mTOR/AKT signaling pathway
Tanshinone 1 Induction of apoptosis by activation of the expression of caspase 3, Breast cancer (53)
downregulation of the level of the anti-apoptotic protein, Bcl-2, and
upregulation of the level of the pro-apoptotic protein, Bax
Tryptanthrin Suppression of the expression of NOS1, COX-2 and NF-kB in mouse Breast cancer (59)
tumor tissues, and regulation of IL-2, IL-10 and TNF-a
Exertion of anti-cancer activities via modulation of the inflammatory
epithelial-mesenchymal transition
Vinpocetine Activation of Akt and STAT3 but had no effects on MAPK signaling Breast cancer (54)

pathways

RNA-seq data analysis. For the analysis of differentially
expressed genes, the RNA-seq data were processed as previ-
ously reported (33). The trimmed reads were aligned to the
mouse reference genome (GRCm39/mm10) using HISAT?2
v.2.1.0 (34) with default parameters. The prevalence of tran-
scripts was quantified using Cufflinks v.2.2.1 (35). Differentially
expressed genes were then investigated using DESeq?2
(version 1.24.0) (36) with an adjusted cut-off of P<0.05. The

gene ontology and relevant biological pathways were identified
using GOSeq (v1.34.1) (37) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) database (38), respectively.

Reverse transcription-quantitative (RT-q)PCR analysis.
Total RNA was extracted from TTFM-treated 4T1 cells,
TTFM-treated EpH4-Ev cells, and untreated cells according
to the aforementioned method. Reverse transcription was
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Figure 1. Inhibitory effect of TTFM on the proliferation of 4T1, MDA-MB-231 and EpH4-Ev cells. (A-C) Cell viability assay and (D) ICs, proliferation of
4T1,MDA-MB-231 and EpH4-Ev cells after 5 days of treatment with TTFM. Data are presented as the mean + standard deviation (n=3). “P<0.05, “P<0.01 and

“*P<0.001. TTFM, Thai traditional formulary medicine.

performed by mixing the total RNA with oligo(dT) primers
and incubated at 65°C for 5 min. After that the component was
mixed with 4 ul of 5x reaction buffer for RT (Thermo Fisher
Scientific, Inc.), 0.5 ul of 40 U/ul Ribolock RNase Inhibitor
(Thermo Fisher Scientific, Inc.), 1 ul of 200 U/ul RevertAid
Reverse Transcriptase (Thermo Fisher Scientific, Inc.) and
2 ul of 10 mM dNTP mix (Promega) at 42°C for 1 h. Next,
the RT-qPCR assay was performed using the StepOnePlus™
Real-Time PCR System (Applied Biosystems; Thermo Fisher
Scientific, Inc.). Amplifications were performed in 10 ul
reaction solutions containing 5 ul of 2x PanGreen™ Universal
SYBR Green Master Mix (Bio-Helix Co., Ltd.), 0.25 ul each
of 10 uM gene-specific primers, 3.5 uM of nuclease-free water
and 1 pl of cDNA. The PCR conditions were as follows: 95°C
for 2 min; followed by 40 cycles of 95°C for 15s, 60°C for 20s
and 75°C for 30s. The specificity of each pair of primers was
evaluated using melting curve analysis (95°C for 15s, 60°C
for 1 min and 95°C for 155s). The experiment was performed
with technical triplicates. The relative expression of target
genes normalized with Actb was determined using the 2-44¢4
method (39). The primers for Sic5a8, Arhgap9, and Cybb were
designed in the present study, whereas the primers for Actb,
Bcl2, Bax, Casp8, and Casp9 were used according to previous
studies (40-43). The gene-specific primers used are presented
in Table SI.

Statistical analysis. The apoptosis assay was assessed
using one-way ANOVA followed by Tukey's multiple

comparisons test. The cell viability and quantifica-
tion of mRNA expression were assessed using the
unpaired z-test. Statistical analysis was performed using
GraphPad Prism version 9.3.0 (Dotmatics). P<0.05 was
considered to indicate a statistically significant differ-
ence.

Results

Metabolite profiles of TTFM extracts. The LC-MS/MS data
were processed and evaluated using MS-Dial software to
identify the TTFM extract profiles. Based on the combined
information from accurate mass, isotope ratios, retention-time
prediction and MS/MS fragment matching, a total of 226
compounds were identified in the TTFM extract. A total
of 64 compounds were identified in the negative ion mode
(Table SII) and 162 compounds were identified in the positive
ion mode (Table SIII). Several of the metabolites identified
have been previously reported to have anti-cancer properties,
including betaine, costunolide, cyanidin, d-limonene, geranic
acid, ginkgolide A, hinokitiol, I-arginine, oleic acid, parecoxib,
pentadecanoic acid, sinapic acid, syringic acid, tanshinone I,
tryptanthrin and vinpocetine (Table II).

Effects of TTFM extracts on breast cancer cells. The 4T1 and
MDA-MB-231 breast cancer cells and the EpH4-Ev normal
breast cells were treated with TTFM (0-400 pug/ml) for 5 days.
TTFM extracts significantly decreased the viability of 4T1 and
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Figure 2. Effect of TTFM on the apoptosis of 4T1 cells. Cell apoptosis data were analyzed for each group after 72 h treatment with TTFM at (A) 0 pg/ml,
(C) 25 pg/ml, (D) 50 pug/ml, (E) 100 pg/ml, (F) 200 pg/ml and (G) 400 pg/ml. (B) Positive control cells were induced using 1 mM H,0,. (H) Quantitative
analysis of the apoptosis rates among groups (n=3). "P<0.05, “P<0.01, “"P<0.001 and “*"P<0.0001 vs. mock.

MDA-MB-231 cells in a dose-dependent manner; however,
no significant affect was demonstrated for the EpH4-Ev cells
(Fig. 1A-C). The ICs, values for TTFM extracts against 4T1 and
MDA-MB-231 cells were 3.05 and 71.34 pug/ml, respectively
(Fig. 1D). An ICy, value for EpH4-Ev was not determined.

Effects of TTFM extracts on the apoptotic process. To ensure
that there was a sufficient cell population for use in the
apoptotic assay, 4T1 cells were treated with 0-400 ug/ml of
TTFM extracts and incubated for 3 days rather than 5 days.
The mock (negative control) analysis demonstrated that
~86% of the 4T1 cells were alive, with the rest appearing as

late apoptotic cells (8%), early apoptotic cells (5%) and dead
cells (1%) (Fig. 2A and H). The proportion of early and late
apoptotic cells increased by 2.7 and 8.5-fold, respectively,
after the addition of the apoptotic inducer (positive control;
1 mM H,0,) compared with the mock group. The apoptotic
inducer significantly enhanced the proportion of early and late
apoptotic cells (Fig. 2B and H); however, the lower TTFM
extract concentrations (25 and 50 pg/ml) only slightly raised
the numbers of late apoptotic cells by about 1 and 1.2-fold
when compared with the mock (Fig. 2C, D and H). When the
treatment concentration was raised to 200 and 400 ug/ml,
the proportion of late apoptotic cells significantly increased
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Figure 3. Impact of TTFM on RNA expression in TTFM-treated cells.
Venn diagram of the impact of TTFM on RNA expression in TTFM-treated
EpH4-Ev and 4T1 cells compared with their respective, untreated cells.
(A) Up-regulated genes and (B) down-regulated genes.

by 1.5 and 2.7-fold, respectively. Furthermore, the proportion
of early apoptotic cells significantly increased by 6.9 and
2.7-fold, respectively (Fig. 2F-H). Subsequently, studies were
performed to evaluate how TTFM extracts affected the gene
expression profiles of the cells.

Effects of TTFM extracts on breast cancer cell pathways
and entire mRNA transcripts. To further evaluate the effect
of TTFM on gene expression in breast cancer cells, RNA-seq
analysis was performed. Briefly, cells were exposed to TTFM
extracts for 72 h at a final concentration of 25 ug/ml and
the total RNA was collected in triplicate. A total of 55,359
protein-coding and non-protein coding genes were identified
in both EpH4-Ev and 4T1 cells, respectively. TTFM treatment
resulted in 62 and 28 genes whose expression was raised in
EpH4-Ev and 4T1 cells, respectively, and 21 and 15 genes,
respectively, whose expression was decreased more than
twofold with statistical significance (llog,fold-changel>1,
P<0.05) compared with the corresponding untreated control
(Fig. 3).

TTFM regulated the mRNA expression levels of 25 known
genes in 4T1 breast cancer cells (Fig. 4 and Table SIV).
Following treatment with TTFM extracts, the mRNA expres-
sion levels of Actal, Tnnc2, 0610039K10Rik, Flaccl, Arl5c,
Slc5a8, Krt20, BC147527, Raetle, Snord72, Acat3, Otopl,

Arhgap9, Eefla2, Hmgbl-ps7, Ndufb4c and Ccl20 were
significantly increased. Conversely, the mRNA expression
levels of Ccdc39, Rbm6-psi, Grin3b, SNORA2IB, Cybb,
B430219NI15Rik, Clgql4 and Bach2os were significantly
decreased after TTFM treatment. Among those genes, TTFM
treatment significantly increased the expression of Sic5a8
and Rho Arhgap9, compared with untreated cells. Adversely,
compared to the untreated control group, the TTFM treatment
markedly decreased the expression of Cybb and Bach2os
(Fig. 4 and Table SIV), which had previously been reported
to be involved in cell death. Notably, these significantly
differently expressed genes, were categorized into six major
biological processes based on KEGG pathway enrichment
analysis (Table SV): organismal systems (7 genes), metabolism
(2 genes), human diseases (9 genes), environmental informa-
tion processing (5 genes), cellular process (1 genes) and genetic
information processing (1 gene).

TTFM extracts have different effects on Slc5a8, Arhgap?9,
Cybb and apoptosis-related gene expression in normal breast
and breast cancer cell lines. To validate the effects of TTFM
on mRNA transcripts, RT-qPCR was performed. In brief, cells
were treated with TTFM extracts for 72 h at a final concentra-
tion of 25 pug/ml, and the total RNA was collected in triplicate,
followed by cDNA synthesis. The results demonstrated that
TTFM treatment significantly enhanced the mRNA expression
levels of Slc5a8 and Arhgap9 genes, and significantly reduced
the mRNA expression levels of Cybb in TTFM-treated 4T1
cells compared with TTFM-treated EpH4-Ev cells (Fig. 5SA-C).
Moreover, TTFM treatment significantly increased the mRNA
expression levels of Bax and Casp9 in TTFM-treated 4T1 cells
compared with TTFM-treated EpH4-Ev cells (Fig. 5D-G).

Discussion

Previous studies have reported that numerous plant extracts
have cytotoxic effects against cancer cells (7,30). The present
study evaluated the effects of TTFM extracts on breast cancer
cell viability using the MTT assay. The results suggested that
TTFM extracts possessed anti-breast cancer activity. These
findings demonstrated that the TTFM extracts had different
effects on cancer cells and normal cells, which could lead to
more severe cytotoxicity in breast cancer cells.

LC-MS/MS analysis demonstrated that TTFM extracts
included numerous secondary metabolites. Some of which
have been previously reported to have anti-cancer prop-
erties, including costunolide (44,45), cyanidin (46,47),
hinokitiol (48,49), oleic acid (50), pentadecanoic acid (51),
syringic acid (52), tanshinone I (53) and vinpocetine (54),
which have been reported to inhibit cancer cell growth and
proliferation via the induction of apoptosis. The results of
the present study were consistent with reports from previous
studies that certain metabolites found in medicinal plants
might promote apoptosis in breast cancer, possibly reducing
the viability of breast cancer cells (46,51,53). The compounds
betaine (55), ginkgolide A (56), parecoxib (57), sinapic
acid (58) and tryptanthrin (59). which have been previously
reported to induce cancer cell death by inhibiting cell prolif-
eration and migration in certain types of cancer, such as colon
cancer, ovarian cancer, pancreatic cancer and breast cancer
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through different pathways were also found in TTFM extracts.
Furthermore, certain metabolites such as d-limonene (60),
geranic acid (61), l-arginine (62) and pentadecanoic acid (51)
have been previously reported to have demonstrated syner-
gistic effects, enhancing anti-cancer properties of drugs and
compounds. It could be hypothesized that the synergistic
effects from mixtures of several metabolites are crucial for
the anti-breast cancer activity of TTFM extracts. However, the
present study lacks data to support the specific mechanism of
action for specific components in the TTFM extract, which is
a limitation of the present study.

In cancer cells, increased or decreased expression of
certain transcripts has been reported to promote cancer
cell growth. Previous studies reported that the expression
of Slc5a8, a putative tumor suppressor, was repressed in
certain cancers, including breast cancer, through DNA meth-
ylation (63). Up-regulation of Slc5a8 in cancer cells has been
reported to induce apoptosis when its substrates, which are
HDAC inhibitors, are present (63). The RNA-seq results of
the present study demonstrated that the expression of Slc5a8
was increased following treatment with TTFM extracts. These
findings were consistent with a previous study that reported
that up-regulation of Slc5a8 in the breast cancer MB231 cell
line prevented cells from forming colonies in vitro and tumors
in vivo (64).

Furthermore, previous studies reported that the MAPK
signaling pathway was regulated by Arhgap9 in breast
cancer (65). High levels of Arhgap9 expression inhibited
activation of the PI3K/AKT/mTOR signaling pathway, which
prevented cell proliferation, invasion and migration (66). The
present study demonstrated that TTFM extracts treatment also
increased Arhgap9 mRNA expression levels.

Previous studies reported that Cybb was involved in the
immune regulation of tumor metastasis and that the expres-
sion level of Cybb was higher in triple-negative breast cancer
compared with normal tissue (67). In the present study, Cybb
mRNA expression levels were significantly suppressed by
TTFM treatment. Bach2o0s are oncogenic IncRNAs that
might act as drivers of tumor progression (68). In the present
study, following TTFM extract treatment, Bach2os was down
regulated in the RNA-seq data.

TTFM treatment significantly enhanced Bax and Casp9
mRNA expression levels in TTFM-treated 4T1 cells compared
with TTFM-treated EpH4-Ev cells. A previous study reported
that increasing the expression of Bax and Caspase-9, two key
regulators of the intrinsic pathway of apoptosis, was necessary
for the induction of apoptosis in cancer cells (51,53,69). When
apoptotic stimuli are present, BAX translocate from the cytosol
to mitochondria, resulting in dimerization, integration and
cytochrome c release, which results in caspase-9 activation and
apoptosis (69). Taken together, the results demonstrated that
TTFM may have caused breast cancer cells to become cytotoxic
by inducing apoptosis. However, the pathways need to be further
elucidated and evaluated to support this.

In conclusion, the present study demonstrated the
anti-breast cancer activity of TTFM water extracts. The
levels of certain transcripts were altered by TTFM, and this
process most likely caused cell death by inducing apoptosis.
However, further experiments are required to evaluate how the
TTFM extracts used specifically regulate genes and proteins.

The TTFM extracts used in the present study are suggested
as a potential for further development of anti-breast cancer
therapeutics.
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