
Abstract. Background/Aim: Cervical cancer is one of the
leading causes of cancer death in women worldwide.
BRM270 (BRMLife) has therapeutic potential for cancer
treatment owing to its ability to inhibit cell proliferation, and
expression of cluster of differentiation (CD) 133 in CD133+

cancer cells. This study was designed to evaluate the
therapeutic effects of plant extract formulation BRM270
against cervical cancer progression. Materials and Methods:
The expression of sex-determining region Y-box 2 (SOX2)
was tested in four different cervical cancer cell lines, HeLA,
SiHa, Caski and C33A. SOX2-expressing SiHa and C33A
cell lines were selected for further experiments on the in
vitro and in vivo effects of BRM270 on cervical cancer
progression using western blotting, flow cytometry, sphere-
formation assay, magnetic-activated cell sorting of CD133+

cervical cancer cells, and xenografts in female athymic
BALB/c nude mice. Results: In the present study, in cervical
cancer stem cells (CSCs), we found that BRM270 inhibited
expression of SOX2, which is associated with cervical cancer
initiation and metastasis. BRM270 also inhibited CD133
expression and induced apoptosis of CSCs and suppressed
CD133+ CSC proliferation and sphere formation in vitro as

well as SiHa and C33A cell xenograft tumor growth in vivo.
This was accompanied by down-regulation of markers of
epithelial-to-mesenchymal transition. Conclusion: BRM270
might be an effective agent for cervical cancer treatment.

Cervical cancer is the most common malignancy and leading
cause of cancer-associated mortality in females worldwide
(1). Most women with this disease are diagnosed at late
stages and have poor prognosis (2). Human papillomavirus
(HPV) infection and genetic as well as other factors are
thought to play an important role in the development of
cervical cancer (3). In particular, oncogenic HPV types
promote the development of cervical cancer precursor lesions
(4). However, only a small fraction of HPV-infected females
develops the disease, indicating that other factors contribute
to its genesis (5). 

Cervical cancer stem cells (CSCs), which generate multiple
types of tumor cell and are associated with metastasis and
tumor recurrence, are potential therapeutic targets for the
treatment of cervical cancer (6). CSC markers such as aldehyde
dehydrogenase (1), cluster of differentiation 133 (CD133), and
sex-determining region Y-box 2 (SOX2) were identified as
being specific to CSCs in cervical cancer cell lines (6). SOX
genes encode high-mobility group transcription factors that
play critical roles in organogenesis (7). The tissue specificity
and function of SOX proteins are largely determined by their
association with other transcriptional regulators (7). SOX2 has
recently been implicated in human cancer; for example, its
expression is linked to a stem cell-like state in cervical cancer
(8). SOX2 has also been shown to regulate tumor initiation and
CSC functions (9). There are chemotherapeutic drugs, such as
5-fluorouracil and gemcitabine, for cervical cancer but acquired
resistance to those drugs after several cycles of therapy remains
a major challenge to overcome for successful management of
cervical cancer (10). 
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Herbal medicines are naturally occurring, plant-derived
substances used to treat illnesses (11). These natural herbal
compounds isolated from fruits and vegetables such as
cinnamon, and grape seed proanthocyanidins, have been
observed to have potential chemotherapeutic effects against
various cancer types including cervical cancer (12, 13).
BRM270, a formulation of extracts from seven Asian plants
(Saururus chinensis, Citrus unshiu Markovich, Aloe vera,
Arnebia euchroma, Portulaca oleracea, P. vulgaris var.
lilacina, and Scutellaria baicalensis; Table I) (14), has
bioactivity against nuclear factor (NF)-ĸB and was shown to
inhibit cancer cell growth in vitro (14, 15). Moreover,
BRM270 has shown therapeutic potential for the treatment
of osteosarcoma, which was associated with the suppression
of cell proliferation and cell-cycle progression, as well as
CD133 expression (14).

In the present study, we investigated whether BRM270
has similar effects on cervical cancer.

Materials and Methods
BRM270 formulation. The herbal ingredients of BRM270 were
obtained from Park Yang Ho BRM Institute (Seoul, Republic of
Korea) and kindly authenticated by KIPRIS (Korea Intellectual
Property Rights Information Service, BRM270: BRMLife, Patent
Registration No.10-1794080; http://engportal.kipris.or.kr/engportal/
search/total_search.do).

Extraction of BRM270 and constituent herbs. The ethanolic extract
was prepared as follows: The dried and pulverized medicinal herbs
were mixed together and a 1-kg batch was soaked with 40% ethanol
(4 l for 24 h). The ethanolic extract was concentrated with a rotary
evaporator, and lyophilized, and reconstituted in dimethysulfoxide
(DMSO) for the in vitro studies. We previously determined the
proportions (w/w) of these herbs in BRM270 (14). 

Cell culture. HeLa, CaSKi, SiHa, and C33A human cervical cancer
cell lines were obtained from the American Type Culture Collection
(Manassas, VA, USA). HeLa, CaSKi, SiHa, and C33A cells were
maintained in Dulbecco’s modified Eagle’s medium (DMEM;
Invitrogen, Carlsbad, CA, USA) containing 10% fetal bovine serum
(Hyclone, Logan, UT, USA), penicillin (100 U/ml, Hyclone), and
streptomycin (100 mg/ml; Hyclone) (16). Endogenous SOX2
expression was determined in each cell line as described below.

Cell viability assay. Cells were seeded at a density of 4×104 cells/well
in a 96-well plate and the effects of BRM270 at different
concentrations (10, 20, 40, 60, 80, 100, and 150 μg/ml) for 48 h on
cervical cancer cell proliferation was studied using EZ-Cytox kit
(Dogenbio, Seoul, Korea) according to the manufacturer’s instructions
after the cells were treated with BRM270 for 48 h. The optical density
(OD) of each well was measured at 450 nm by using a scanning
multi-well spectrophotometer. BRM270 at 80 μg/ml for 48 h was
selected as the treatment concentration for further experiments. 

Western blotting. Protein samples which were isolated from SiHa,
C33A, HeLa and CaSKi cell lines, were separated by 10% or 12%
sodium dodecyl sulfate polyacrylamide gel electrophoresis and

transferred to a nitrocellulose membrane that was probed with
primary antibodies against apoptotic peptidase activating factor 1
(APAF1), NF-ĸB, BCL2 apoptosis regulator (BCL2), caspase-3,
cleaved caspase-3, Nanog homeobox (NANOG), SOX2, snail
family transcriptional repressor 1 (SNAI1), E-cadherin, and
vimentin (all from Santa Cruz Biotechnology, Dallas, TX, USA);
POU class 5 homeobox 1 (OCT3/4) (Abcam, Cambridge, MA,
USA); and glyceraldehyde 3-phosphate dehydrogenase (Abfrontier,
Seoul, Korea). Western blotting was performed using the iBlot 2 Gel
Transfer system (Thermo Fisher Scientific, Waltham, MA, USA).

Flow cytometry. To evaluate apoptosis after 48-h treatment with
BRM270 at 80 μg/ml, SOX2-expressing SiHa and C33A cells were
washed with phosphate-buffered saline (PBS), stained with Annexin
V Binding Buffer (BD Biosciences, San Diego, CA, USA), and
labeled with fluorescein isothiocyanate-conjugated Annexin V (BD
Biosciences) according to the manufacturer’s protocol. Cells were
sorted on a FACS Calibur flow cytometer (BD Biosciences) (17).

Wound-healing and invasion assays. SOX2-expressing SiHa and
C33A cells were trypsinized and seeded in 96-well tissue culture
plates and reached 100% confluence after 48 h. A scratch was made
in the cell monolayer using a sterile 96-Well Wound Maker (Essen
Bioscience, Winooski, VT, USA). Cells were washed twice with
PBS and cultured in DMEM containing 10% fetal bovine serum.
Images of SiHa and C33A cells migrating into the wound area were
acquired at 0 and 48 h with an inverted IncuCyte ZOOM Live-Cell
Analysis system (Essen Bioscience). The invasion assay was
performed using a transwell chamber consisting of 8-m membrane
filter inserts (Corning Inc., Corning, NY, USA) coated with Matrigel
(Sigma-Aldrich, St. Louis, MO, USA). Briefly, cells were
trypsinized and resuspended in serum-free medium; 1×105 cells
were added to the upper chamber, whereas the lower chamber was
filled with medium containing 10% fetal bovine serum. After
incubating the cells for 24-48 h, cells that passed through the coated
membrane to the lower surface were fixed with 4%
paraformaldehyde and stained with hematoxylin. Cells were counted
under a light microscope at 100× magnification.

Sphere formation assay. SOX2-expressing SiHa and C33A cells
(2×103/well) were seeded in 6-well Ultra Low Cluster plates
(Corning Inc.) and cultured in suspension in serum-free DMEM/F12
(Gibco, Grand Island, NY, USA) containing B27 supplement (1:50;
Invitrogen), 20 ng/ml epidermal growth factor (Calbiochem, San
Diego, CA, USA), and 0.5% bovine serum albumin (Sigma-Aldrich)
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Table I. The composition of BRM270.

Species name Country of origin % By dry mass

Saururus chinensis Korea 36.0
Citrus unshiu Markovich Korea 24.2
Portulaca oleracea Korea 10.6
P. vulgaris var. lilacina Korea 6.2
Scutellaria baicalensis China 10.6
Arnebia euchroma Korea 6.2
Aloe vera America 6.2
Total amount 100



for 10-14 days. The number of SiHa and C33A cell spheres (tight,
spherical, non-adherent masses >100 μm in diameter) was counted,
and images of the spheres were acquired with an inverse
microscope. Sphere-formation efficiency was calculated as
colonies/input cells×100% (17).

Sphere immunocytochemistry. CD133+ and CD133− cells were
harvested with gentle trypsinization, washed and resuspended with
serum-free DMEM/F12 (Gibco, Grand Island, NY, USA) containing
B27 supplement (1:50; Invitrogen), 20ng/ml epidermal growth factor
(Calbiochem, San Diego, CA, USA), and 0.5% bovine serum
albumin (Sigma-Aldrich). Single cells were confirmed under a
microscope, counted and 4×103 cells/well seeded in 96-well Ultra
Low Cluster plates (Corning Inc.) for 3 days. Spheres were then
fixed 30 min with 30.03 g/mol formaldehyde solution. Cells were
then rinsed twice with PBS and incubated in blocking solution
consisting of 1×PBST with 1% bovine serum albumin for 1 h. Cells
were incubated overnight at 4˚C with primary antibody to SOX2 and
CD133 from Santa Cruz Biotechnology) with a solution consisting
of 0.1% Triton-X100, 10% NaNO3 and 1×PBS. Cells were rinsed
twice in 1×PBST prior to incubating with secondary antibody for 2
h in the dark at room temperature. Cells were then rinsed twice with
1×PBST and counterstained with diluted in 1×PBS for 20 min prior
to visualization and image capturing using microscopy.

Animals. In the present study, 8-week-old female athymic BALB/c
nude mice were used for in vivo experiments. The animals were
provided by Central Laboratory Animal Resources, Korea Research
Institute of Bioscience & Biotechnology (KRIBB), Daejeon,
Republic of Korea. The animals were kept in polypropylene cages
in a room with controlled temperature (22˚C ± 1), 60-70% humidity
and a 12 h light/12 h dark cycle and provided with standard food
pellets and drinking water ad libitum, in Central Laboratory Animal
Resources, KRIBB, Daejeon, Korea. The animals were divided
randomly into groups and kept under observation throughout the
duration of experimentation, in terms of body weight, food and
water consumption, and for any sign of health toxicity. At the end
of the experiments, all the mice were euthanized by CO2
asphyxiation in a CO2 chamber.

The experiments were approved by the Government of Korea and
Institutional Animal Care and Use Committee-approved protocols
(IACUC code No. KRIBB-AEC-16208) of KRIBB. The
experiments were carried out as per their guidelines.

Xenograft model. The tumorigenicity of SiHa and C33A cells was
determined by subcutaneous inoculation of 1×105 cells resuspended
in 100 μl Matrigel (Sigma-Aldrich) in PBS into the flanks of 8-
week-old female athymic BALB/c nude mice (five per group).
BALB/c nude mice with subcutaneously inoculated SiHa and C33A
cells were divided into two groups (n=5). BRM270-treated and
untreated SiHa and C33A cells in Matrigel were implanted into
mice to generate tumors at an orthotopic site that provided a suitable
environment for tumor growth. The first group, which served as a
control group, did not receive BRM270, while the second group
received 1 mg/kg of BRM270 in a daily manner. BRM270 was
administrated to mice via oral gavage which was undertaken using
a feeding catheter (C1 LifeTECH, Osong, Korea). Tumor size was
measured using calipers (volume=shortest diameter2×longest
diameter/2) every 3 days. Grafts were removed 50 days after cell
inoculation and photographed (17). 

MACS of CD133+ cervical cancer cells. SiHa and C33A cells were
labeled with a primary antibody to CD133 (Miltenyi Biotec,
Auburn, CA, USA), magnetically labeled with rat anti-mouse IgG
micro beads (Miltenyi Biotec), and separated on a MACS liquid
separation column (Miltenyi Biotec) according to the
manufacturer’s instructions. The purity of sorted cells was evaluated
by western blotting.

Statistical analysis. Data were analyzed using SPSS v.20.0.1 software
(IBM, Armonk, NY, USA). Differences between groups were
evaluated with the chi-squared test or Fisher’s exact test as
appropriate. Values of p<0.05 were considered statistically significant.

Results

BRM270 inhibits SOX2 expression and reduces viability in
cervical cancer cells. SOX2 is a marker that has been
implicated in cervical cancer development and is therefore a
potential therapeutic target (18). We investigated whether
SOX2 is expressed in cervical cancer by western blotting
using HPV-positive and -negative human cervical cancer cell
lines. SOX2 was not expressed in HeLa or CaSKi cells
(Figure 1A). When SOX2-expressing HPV-positive SiHa and
HPV-negative C33A cells were treated with different
concentrations (10, 20, 40, 60, 80, 100, and 150 μg/ml) of
BRM270 for 48 h, cell viability was inhibited in both cell
lines in a dose-dependent manner (Figure 1B). BRM270 at
80 μg/ml was selected as the treatment concentration for
further experiments.

BRM270 treatment inhibited the expression of SOX2
(Figure 1C and D), the pro-apoptotic protein APAF1, and anti-
apoptotic proteins NF-ĸB and BCL2 but increased that of
caspase-3 (Figure 1E). Moreover, BRM270 treatment induced
apoptosis of SiHa and C33A cells (Figure 1F) and reduced
colony formation in the clonogenic assay (Figure 1G). These
results suggest that BRM270 inhibits the development of
cervical cancer by suppressing cell viability and promoting
apoptosis via modulation of SOX2 expression.

BRM270 reduces cervical cancer CSC activity. We next
investigated whether BRM270 influences cervical cancer cell
migration and invasion. BRM270 prevented wound closure
by SiHa and C33A cells (Figure 2A) and inhibited their
invasive capacity (Figure 2B). These data indicate that
BRM270 suppresses motility of cervical cancer cells, which
is a property associated with metastatic progression.

CSCs are characterized by their sphere-forming ability in
vitro; sphere formation assays under serum-free culture
conditions are therefore widely used to isolate and enrich
CSCs (19). We investigated whether BRM270 had inhibitory
effects on cervical cancer CSCs by treating SiHa and C33A
cells with different concentrations of the formulation. The
optimal concentration was determined as 80 μg/ml this was
used in subsequent experiments. BRM270 inhibited sphere

Chandimali et al: BRM270 Suppresses SOX2 in Cervical Cancer Stem Cells

1087



formation and SOX2 and CD133 expression in both cell lines
in a concentration-dependent manner, as determined by
immunofluorescence analysis (Figure 2C and D). Moreover,
protein levels of the CSC markers OCT3/4 and NANOG

were down-regulated by BRM270 treatment (Figure 2E).
These results provide additional evidence that BRM270
blocks cervical cancer progression by inhibiting the
expression of stemness genes.
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Figure 1. BRM270 inhibits cervical cancer cell proliferation. A: Sex-determining region Y-box 2 (SOX2) protein expression was detected by western
blotting. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase. B: SiHa and C33A cell proliferation was evaluated by cell viability assay after 48
h. C: SOX2 expression in SiHa and C33A cells treated with BRM270. DMSO: Dimethyl sulfoxide. D: Representative images of SiHa and C33A
cells treated with BRM270 at 80 μg/ml for 48 h and labeled with an antibody against SOX2. E: Expression of apoptosis-associated proteins apoptotic
peptidase activating factor 1 (APAF1), nuclear factor (NF)-ĸB, BCL2 apoptosis regulator (BCL2), caspase-3 and cleaved caspase-3, in cells treated
with BRM270 at 80 μg/ml for 48 h. F: Apoptosis of BRM270-treated SiHa and C33A cells as assessed by flow cytometry. G: Colony formation by
SiHa and C33A cells treated with BRM270 at 80 μg/ml for 48 h was evaluated by clonogenic assay. Data represent the mean±SEM (n=5 per group).
Significantly different at *p<0.05, and **p<0.01.
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Figure 2. BRM270 suppresses cervical cancer stem cell (CSC) characteristics. A: SiHa and C33A cell migration was assessed with the wound-
healing assay 48 h after treatment with BRM270 (80 μg/ml) or vehicle dimethyl sulfoxide (DMSO). B: Invasion was evaluated with transwell assay
48 h after treatment with BRM270 or vehicle. C: Representative images of SiHa and C33A sphere-forming cells. Bar=100 μm. D: The number of
spheres was counted and normalized to that of the control group. E: Western blot analysis of CSC marker expression. SOX2: Sex-determining region
Y-box 2; OCT3: POU class 5 homeobox 1; NANOG: Nanog homeobox; GAPDH: glyceraldehyde 3-phosphate dehydrogenase. Data represent the
mean±SEM (n=5 per group). Significantly different at *p<0.05, and **p<0.01.



BRM270 suppresses expression of epithelial-to-mesenchymal
(EMT) markers and β-catenin signaling in cervical cancer
cells. EMT occurs during the initial stage of tumor
metastasis and involves the loss of epithelial characteristics
and cell polarity, and the acquisition of mesothelial
characteristics that enable cancer cells to invade adjacent
tissues (20). Indeed, expression of the epithelial markers E-
cadherin and β-catenin is reportedly down-regulated in the
early stages of cervical cancer progression (21). It was
previously shown that BRM270 suppressed tumor properties
such as migratory capacity (14), and we recently reported

that BRM270 targets CSCs (14). To determine whether
BRM270 inhibits EMT in cervical CSCs, SiHa and C33A
cells were analyzed for expression of the EMT markers E-
cadherin, vimentin, and SNAI1 following treatment.
Vimentin and SNAI1 levels were down-regulated whereas
that of E-cadherin was increased in SiHa and C33A cells by
BRM270 treatment (Figure 3A). Since β-catenin is the
effector of WNT signaling (21), we investigated whether
BRM270 suppressed the WNT/β-catenin signaling cascade
by western blotting. BRM270 treatment reduced β-catenin
expression in both cell lines (Figure 3B).
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Figure 3. BRM270 inhibits β-catenin signaling in cervical cancer cells. Effect of BRM270 treatment on the expression of E-cadherin, vimentin, and snail
family transcriptional repressor 1 (SNAI1) (A) and β-catenin (B) in SiHa and C33A cells, as determined by western blotting. GAPDH: Glyceraldehyde
3-phosphate dehydrogenase. C: Tumor volume was monitored for 50 days after injection of SiHa and C33A cells treated with BRM270 or untreated cells
into nude mice. D: Immunohistochemical analysis of β-catenin expression in tumors derived from SiHa and C33A cells treated with BRM270 or left
untreated (200× magnification). Bar=100 μm. Data represent the mean±SEM (n=5 per group). Significantly different at *p<0.05, and **p<0.01.



We next investigated the effect of BRM270 on the tumor-
initiating capacity of cervical cancer cell xenografts. BRM270
treatment inhibited cervical tumor initiation (Figure 3C), and an

immunohistochemical analysis revealed that β-catenin
immunoreactivity was reduced in tumors from BRM270-treated
as compared to untreated SiHa and C33A cells (Figure 3D).
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Figure 4. BRM270 suppresses expression sex-determining region Y-box 2 (SOX2) in CD133+ cervical cancer cells. A: SOX2 and CD133 expression
in CD133− and CD133+ cells, as detected by western blotting. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase. B: Colony-formation capacity
of CD133− and CD133+, as evaluated with the clonogenic assay. C: SOX2 was highly expressed in cancer stem cell (CD133+) spheres. Fluorescent
immunocytochemistry was performed on SiHa CD133+ and CD133− sphere cells using monoclonal antibodies against SOX2 and CD133. Nuclear
staining was performed using 4’,6-diamidino-2-phenylindole (DAPI; blue). D: Expression of SOX2 in SiHa and C33A cells treated with BRM270
(80 μg/ml for 48 h) or left untreated. E: Representative images of CD133+ SiHa and C33A cells treated with BRM270 or left untreated, and labeled
with antibodies against SOX2 and CD133. F: Apoptosis of BRM270-treated CD133+ SiHa and C33A cells detected by flow cytometry. G: Colony
formation by CD133+ SiHa and C33A cells treated with BRM270 or left untreated, as determined with the clonogenic assay. H: Representative
images of CD133+ SiHa and C33A sphere-forming cells treated with BRM270 (80 μg/ml for 48 h) or left untreated. Bar=100 μm. The number of
spheres was counted and normalized to that of the control group. I: SOX2 expression in SiHa and C33A CD133+ cell spheres treated with treated
with BRM270 or left untreated. Data represent the mean±SEM (n=5 per group). Significantly different at *p<0.05, and **p<0.01.



BRM270 inhibits SOX2 expression and sphere-forming
capacity in CD133+ cervical cancer cells. CD133+ cells
exhibit stem cell-like properties such as self-renewal capacity,
differentiation potential, enhanced proliferation, and
tumorigenicity (22). To investigate whether BRM270 affected
the properties of cervical CSCs, we separated CD133− from
CD133+ SiHa and C33A cells by MACS (Figure 4A). SOX2
expression was evaluated in the two cell populations and it
was found that it was higher in CD133+ than in CD133− cells.

Accordingly, the colony-formation rate was also higher in
CD133+ than in CD133− cells (Figure 4B). Next, we
investigated the expression levels of SOX2 and CD133 in SiHa
CD133+ and CD133− sphere cells by immunocytochemistry.
SOX2 was overexpressed in CD133+ sphere cells and there
was very little expression of SOX2 in CD133− sphere cells.
CD133 was also expressed highly in CD133+ sphere cells
when compare with CD133− sphere cells (Figure 4C).
BRM270 treatment resulted in a down-regulation of SOX2
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Figure 5. BRM270 inhibits migration, invasion, and β-catenin signaling in CD133+ cervical cancer cells. A: Migration of CD133+ SiHa and C33A
cells was evaluated with the wound-healing assay 48 h after BRM270 (80 μg/ml for 48 h) or vehicle treatment. B: Invasion of BRM270-treated or
untreated CD133+ SiHa and C33A cells was assessed with the transwell assay. C: E-Cadherin, vimentin, and β-catenin levels in SiHa and C33A
CD133+ cells was evaluated by western blotting. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase. Data represent the mean± SEM (n=5 per
group). Significantly different at *p<0.05, and **p<0.01.



and CD133 expression in CD133+ SiHa and C33A cells
(Figure 4D and E). We also examined the effects of BRM270
on cervical CSC apoptosis by flow cytometry after annexin-
V staining (Figure 4F). BRM270 treatment increased
apoptosis and suppressed colony formation (Figure 4G), as
well as sphere-forming capacity, in CD133+ SiHa and C33A
cells relative to untreated CD133+ cells (Figure 4H). In
addition, BRM270 reduced SOX2 levels in SiHa and C33A
spheres (Figure 4I). These results indicate that BRM270
suppresses the stem cell properties of cervical CSCs.

BRM270 inhibits cell motility and β-catenin signaling in
CD133+ cervical cancer cells. We investigated the effects of
BRM270 on the metastatic potential of cervical cancer cells
by evaluating migration and invasion of CD133+ SiHa and
C33A cells treated with BRM270. BRM270 prevented
wound closure in the migration assay (Figure 5A) and
suppressed cell invasion (Figure 5B). Furthermore, BRM270
treatment down-regulated the expression of vimentin and β-
catenin while increasing that of E-cadherin in CD133+ SiHa
and C33A cells (Figure 5C). Thus, BRM270 blocks EMT
and metastatic progression of cervical cancer cells.

Discussion

Cervical cancer has a high recurrence rate and risk of metastasis
following conventional therapy, resulting in a high mortality
rate (23). CSCs are promising targets for the treatment of
cervical carcinogenesis, given their association with cervical
cancer initiation and metastasis. CSCs are the cellular basis for
the phenotypic and functional heterogeneity among various
cancer types (24, 25) and exhibit self-renewal and multi-lineage
differentiation capacities that allow tumor development and
growth (26). Escaping programmed cell death is a prerequisite
for any tumor-initiating cell and is a mechanism that is
associated with chemotherapeutic resistance; as such,
therapeutics that enhance apoptosis are promising as anticancer
strategies (27). In the present study, we found that BRM270
down-regulated the expression of the pro-apoptotic protein
APAF1 and the anti-apoptotic proteins NF-ĸB and BCL2;
however, it also increased the levels of the apoptosis effector
protein caspase-3 in cervical cancer cell lines, highlighting its
therapeutic potential for treating cervical cancer.

SOX2 has been shown to regulate the behavior of transformed
cells in the skin as well as CSCs and provides a link between
tumor initiation and progression (9). Since SOX2 is associated
with diverse cancer types, targeting its downstream effectors may
be a more effective approach to treating specific malignancies.
We found here that BRM270 inhibited SOX2 expression in
cervical cancer cells and CCSCs, which was associated with
reduced proliferation and sphere formation in the latter. This
suggests that BRM270 can inhibit cervical cancer progression
by suppressing the stem-cell character of CSCs.

Metastasis is associated with the self-renewal capacity of
CSCs, which are also known as tumor-initiating cells (28).
Recent studies have demonstrated a molecular link between
self-renewal and EMT, suggesting that the latter plays
critical roles in both early and late stages of metastatic
progression (28). We found that BRM270 suppressed
cervical cancer xenograft growth, which was associated with
inhibition of EMT. CD133 is a membrane glycoprotein that
is a marker of poor prognosis in cancer and is specifically
expressed by CSCs (22). BRM270 was shown to reduce
CD133 expression in CD133+ cervical cancer cells,
providing further evidence of its effectiveness for treating
cervical cancer. 

In conclusion, our findings indicate that BRM270 can
inhibit cervical cancer progression via inhibition of SOX2 and
suppression of the stem cell properties of CSCs. Although the
results from the xenograft model were promising, additional
studies in animal models are need to evaluate the in vivo
efficacy and potential toxicity of BRM270.
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