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MicroRNAs (miRNAs) are short non-coding RNAs that regu-
late genes posttranscriptionally. Past studies have reported
that miR-210 is up-regulated in many cancers including cervi-
cal cancer, and plays a pleiotropic role in carcinogenesis.
However, its role in regulating response towards anti-cancer
agents has not been fully elucidated. We have previously re-
ported that the natural compound 1'S-1'-acetoxychavicol
acetate (ACA) is able to induce cytotoxicity in various cancer
cells including cervical cancer cells. Hence, this study aims to
investigate the mechanistic role of miR-210 in regulating re-
sponse towards ACA in cervical cancer cells. In the present
study, we found that ACA down-regulated miR-210 expres-
sion in cervical cancer cells, and suppression of miR-210 ex-
pression enhanced sensitivity towards ACA by inhibiting cell
proliferation and promoting apoptosis. Western blot analysis
showed increased expression of mothers against decapenta-
plegic homolog 4 (SMAD4), which was predicted as a target
of miR-210 by target prediction programs, following treat-
ment with ACA. Luciferase reporter assay confirmed that
miR-210 binds to sequences in 3'UTR of SMAD4. Further-
more, decreased in SMAD4 protein expression was observed
when miR-210 was overexpressed. Conversely, SMAD4 pro-
tein expression increased when miR-210 expression was sup-
pressed. Lastly, we demonstrated that overexpression of SMAD4

augmented the anti-proliferative and apoptosis-inducing
effects of ACA. Taken together, our results demonstrated that
down-regulation of miR-210 conferred sensitivity towards
ACA in cervical cancer cells by targeting SMAD4. These find-
ings suggest that combination of miRNAs and natural com-
pounds could provide new strategies in treating cervical cancer.
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INTRODUCTION

Cervical cancer is one of the leading malignancies affecting
women worldwide. In 2012, an estimated 528,000 new
cases were diagnosed and 266,000 deaths were reported
(Torre et al., 2015). Chemotherapy is often used alongside
surgery and radiotherapy to improve the overall response
and survival in cancer patients. Despite this, clinical out-
comes remained dismal, especially in patients with recurrent
or advanced cancer due to drug resistance and toxicities
(Crafton and Salani, 2016; Gottesman, 2002). Hence, there
is an on-going effort to develop effective targeted therapies
for cervical cancer.
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The use of naturally occurring compounds is promising
because they are able to target multiple signaling pathways,
besides having lower toxicities compared to some conven-
tional chemotherapy agents (Millimouno et al., 2014). Some
examples of the plant-derived natural compounds currently
used in chemotherapy are paclitaxel, topotecan, vinblastine
and vincristine (Cragg and Newman, 2005). The 1'S-1'-
acetoxychavicol acetate (ACA) is a natural compound isolat-
ed from the wild ginger, Alpinia conchigera. \We have previ-
ously reported that ACA is able to induce comparable level
of cytotoxicity to cisplatin when used as stand-alone, and
potentiates the effects of cisplatin when used in combina-
tion on various cancer cell lines including cervical cancer
(Awang et al., 2010; Phuah et al., 2013).

MicroRNAs (miRNAs) are highly conserved short non-coding
RNAs which regulate gene expression by binding to its target
sequences in messenger RNAs (mRNAs) to induce mRNA
degradation or suppress translation (Lagos-Quintana et al.,
2001). Since one miRNA can target many genes and one gene
can be targeted by different miRNAs (Wu et al., 2010), they
are able to regulate various cellular processes such as cell death
(Othman et al., 2013), metastasis (Ho et al., 2014), prolifera-
tion (Liang et al., 2015) and chemosensitivity (Kim et al.,
2015). Studies have shown that natural compounds such as
curcumin and resveratrol can modify miRNA expression, and
changes in the expression of these miRNAs can subsequently
affect their anti-cancer activities (Phuah and Nagoor, 2014).

The up-regulation of miR-210, which is associated with
poorer prognosis, have been reported in various cancers
such as acute myeloid leukemia (Tang et al., 2015), breast
(Camps et al., 2008), pancreatic (Greither et al., 2010) and
cervical cancer (Rao et al., 2012). Over the years, a growing
body of evidence has revealed the pleiotropic roles of miR-
210 in cancer initiation and progression by targeting genes
involved in regulating cell proliferation, apoptosis, cell cycle,
angiogenesis, metastasis and DNA repair (Dang and Myers,
2015; Qin et al.,, 2014). However, the mechanistic role of
miR-210 in regulating sensitivity towards anti-cancer agents
has not been fully elucidated.

In this study, we found that miR-210 is down-regulated
following treatment with ACA in both cervical cancer cell
lines. Functional studies carried out indicated that suppres-
sion of miR-210 enhanced sensitivity towards ACA by de-
creasing cell proliferation and promoting apoptosis. The
protein expression of SMAD4, which was identified as a
putative target of miR-210 by miRNA target prediction pro-
grams, was found to be up-regulated following treatment
with ACA. The direct binding of miR-210 to SMAD4 was
subsequently confirmed using luciferase reporter assay. We
also demonstrated that overexpression of miR-210 reduced
SMADA4 protein expression while inhibition of miR-210 in-
creased SMAD4 protein expression. Lastly, we showed that
ectopic expression of SMAD4 augmented the anti-
proliferative and apoptosis-inducing effects of ACA.

MATERIALS AND METHODS

Cell culture and ACA
The human cervical cancer cells Ca Ski and SiHa obtained
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from American Type Cell Culture (ATCC) were cultured in
RPMI-1640 (Hylcone, USA) and DMEM (Hyclone, USA) con-
taining 10.0% (v/v) fetal bovine serum (FBS) (Hyclone, USA),
and maintained at 37.0C and 5.0% CO; in humidified at-
mosphere. The ACA was provided by the Centre for Natural
Product Research and Drug Discovery (CENAR), Department
of Chemistry, University of Malaya, Malaysia.

Transient transfection

miRNA transfection: Cells were plated at density of 3.0 x 10°
cells and allowed to attach overnight. Cells were then trans-
fected with 100 nM of miRIDIAN microRNA human hsa-
miR-210 mimic or miRIDIAN microRNA human hsa-miR-210
hairpin inhibitor (Thermo Fisher Scientific, USA), complexed
with DharmaFECT 1 Transfection Reagent (Thermo Fisher
Scientific, USA) for 24 h according to the manufacturer's
protocol. miRIDIAN microRNA Mimic Negative Control #1
and miRIDIAN microRNA Hairpin Inhibitor Negative Control
#1 (Thermo Fisher Scientific, USA) were used as negative
controls.

Plasmid transfection: Cells were plated at density of 1.5 x
10° cells and allowed to attach overnight. Cells were then
transfected with 50 ng of pCMV6-SMAD4 (Origene Tech-
nologies, USA) complexed with DharmaFECT 1 Transfection
Reagent (Thermo Fisher Scientific, USA) for 12 h according
to manufacturer’s protocol. The empty vector pCMV6 (Ori-
gene Technologies, USA) was used as negative control.

Quantitative real-time RT-PCR (RT-gPCR)

The total RNA was extracted using miRNeasy Mini Kit (Qi-
agen, Germany) and cDNA was synthesized with TagMan®
MicroRNA Reverse Transcription Kit (Applied Biosystems,
USA) using Veriti 96-Well Thermal Cycler (Applied Biosys-
tems, USA) according to the manufacturer’s protocol. The
miRNA expression level was determined with TagMan® Mi-
croRNA Assays (Applied Biosystems, USA) according to the
manufacturer's protocol using Bio-Rad CFX96  Real-Time
PCR Detection System (Bio-Rad Laboratories, USA) and ana-
lyzed with Bio-Rad CFX Manager v2.1 (Bio-Rad Laboratories,
USA). The U6 small nuclear RNA was used as an internal
control to normalize RNA input. Fold changes were calculat-
ed using the 2% method (Livak and Schmittgen, 2001),
and presented as normalized fold expression.

MTT cell viability assay

Transfected cells were treated with ACA for 12 h (plasmid
transfection) or 48 h (miRNA transfection). Following incu-
bation, 30.0 ul of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazoliumbromide (MTT) reagent (5.0 mg/ml) was added
into each well and incubated in the dark at 37C for 1 h.
Media containing excess MTT reagent was then removed
and formazan crystals were dissolved with 200.0 pl dimethyl
sulfoxide. Results were obtained by measuring the absorb-
ance at 570 nm using microtiter plate reader (Tecan, Swit-
zerland).

Annexin V/PI assay
Transfected cells were treated with ACA (20 uM for Ca Ski
and 30 uM for SiHa) for 12 h (plasmid transfection) or 48 h



(MiRNA transfection). Apoptotic cells were detected using
BD Pharmingen™ Annexin V-FITC Apoptosis Detection Kit
(BD Biosciences, USA) according to the manufacturer's pro-
tocol. Results were obtained using BD FACSCanto Il flow
cytometer (BD Biosciences, USA) and analyzed with BD
FACSDiva software (BD Biosciences, USA).

Caspase 3/7 assay

Transfected cells were treated with ACA (20 uM for Ca Ski
and 30 uM for SiHa) for 6 h (plasmid transfection) or 12 h
(miRNA transfection). The Caspase-Glo® 3/7 Assay
(Promega, USA) was used to measure caspase-3 and -7
activities using GLOMAX®-Multi Jr (Promega, USA) accord-
ing to the manufacturer’s protocol.

Vector construction

The total RNA extracted was first converted into cDNA using
RevertAid First Strand cDNA (Thermo Fisher Scientific, USA).
The 3'UTR regions of SMAD4 containing the predicted bind-
ing site were then amplified from the cDNA and inserted
into the pmirGLO Dual-Luciferase miRNA Target Expression
Vector (Promega, USA) to construct the luciferase reporter
constructs. Site-directed mutations in the predicted binding
site for SMAD4 were perfomed using the QuikChange Multi
Site-Directed Mutagenesis Kit (Stratagene, USA) according
to the manufacturer’s protocol. The sequences of the con-
structs were verified by sequencing.
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Dual-uciferase assay

Cells were co-transfected with 40 ng of 3'UTR reporter con-
structs containing wild-type or mutated binding sites and
100 nM of miR-210 mimic or mimic negative control using
DharmaFECT 1 Transfection Reagent (Thermo Fisher Scien-
tific, USA). The firefly and Renilla luciferase activities were
measured 48 h post-transfection with Dual-Glo® Luciferase
Assay System (Promega, USA) according to the manufactur-
er's protocol using GLOMAX®-Multi Jr (Promega, USA). The
firefly luciferase activity was normalized to Renilla activity,
which was used as an internal control.

Western blot

Proteins were extracted using RIPA buffer containing 1x Halt
Protease and Phosphatase Inhibitor Cocktail (Thermo Fisher
Scientific, USA) and quantified using BCA Protein Assay Kit
(Pierce, USA) according to manufacturer’s protocol. Total cell
lysates were fractionated by 12% sodium dodecyl sulfate-
polyacrylamide (SDS-PAGE) gel electrophoresis and trans-
ferred onto nitrocellulose membranes. Membranes were
blocked for 1 h with 5% (w/v) non-fat milk followed by
overnight incubation at 4C with primary antibodies against
SMAD4 (1:1000; Cell Signaling Technology, USA) and
GAPDH (1:1000; Cell Signaling Technology, USA). Detection
was carried out using secondary 1gG HRP-linked antibody
and anti-biotin HRP-linked antibody (1:1000; Cell Signaling
Technology, USA). Bands were visualized using Western-
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Fig. 1. ACA down-regulates miR-210 expression and suppression of miR-210 confers sensitivity towards ACA. (A) Expression level of miR-
210 as measured by RT-gPCR following treatment with ACA (B) Expression level of miR-210 as measured by RT-qPCR after transfection
with miR-210 hairpin inhibitor. (C, D) Dose-response curves on Ca Ski (C) and SiHa (D) cells transfected with miR-210 hairpin inhibitor

followed by treatment with ACA. **P< 0.05.
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Bright Quantum (Advansta, USA) on Fusion FX7 system
(Vilber Lourmat, France) and quantified using the Image)
Analyst software (NIH, USA), with band intensities normal-
ized to GAPDH, which was used as loading control.

Statistical analysis

All experiments were carried out in triplicates and presented
as mean values * standard error mean. Student’s #test was
used to determine the statistical significance of results,
whereby value of P < 0.05 was considered as statistically
significant.

RESULTS

ACA down-regulates mir-210 expression and suppression
of miR-210 confers sensitivity towards ACA

To study the effects of ACA on miR-210 expression, the ex-
pression of miR-210 in cells treated with ACA was deter-
mined using RT-gPCR. Figure 1A indicated that miR-210
expression is down-regulated following treatment with ACA
in both Ca Ski and SiHa cells. To study the function of miR-
210, we transfected miR-210 hairpin inhibitor and hairpin
inhibitor negative control into both cervical cancer cell lines.
Results from RT-gPCR showed that transfection with miR-
210 hairpin inhibitor successfully suppressed miR-210 ex-
pression level when compared to hairpin inhibitor negative
control (Fig. 1B). Next, the effects of ACA on the transfected
cells were analyzed using MTT cell viability assay. As shown
in Fig. 1C, cells transfected with miR-210 hairpin inhibitor
were more sensitive towards ACA, indicating that down-
regulation of miR-210 conferred sensitivity towards ACA.
However, no significant changes in sensitivity towards ACA
were observed when miR-210 was overexpressed (data not
shown).

Suppression of miR-210 increases ACA-induced apoptosis
To determine if the effects from combinatorial treatment
with miR-210 hairpin inhibitor and ACA were modulated by
apoptosis, Annexin V/Pl and Caspase 3/7 assays were uti-
lized. Transfection with miR-210 hairpin inhibitor markedly
increased the apoptotic cells following exposure to ACA (Fig.
2A). Correspondingly, Fig. 2B showed that suppression of

miR-210 induced higher Caspase 3/7 activity in ACA-treated
cells. Taken together, these results showed that suppression
of miR-210 promoted ACA-induced apoptosis. No signifi-
cant differences were observed when miR-210 was overex-
pressed in the cells (data not shown).

miR-210 directly targets SMAD4

To identify the potential targets of miR-210, miRNA target
prediction programs were used. Both TargetScan v7.1 and
miRanda predicted SMAD4 as a putative target of miR-210.
Western blot was carried out to study the effects of ACA on
SMADA4 protein expression, and results showed that SMAD4
is up-regulated following treatment with ACA (Fig. 3A). To
confirm that miR-210 directly targets the 3'UTR of SMAD4,
|uciferase reporter vector containing wild-type or mutated
binding site for SMAD4 (Fig. 3B) were constructed. Figure
3C showed that miR-210 overexpression significantly re-
duced luciferase activity when co-transfected with vector
containing wild-type binding site but not in vector contain-
ing mutated binding site, confirming that SMAD4 is direct
target of miR-210. To assess if miR-210 can regulate SMAD4
protein expression, western blots were performed. Results
showed that overexpression of miR-210 reduced SMAD4
protein level, while inhibition of miR-210 increased SMAD4
protein level (Fig. 3D).

Overexpression of SMAD4 augments anti-proliferative
and apoptosis-inducing effects of ACA

To assess the role of SMAD4 in regulating response towards
ACA, SMAD4 was transiently overexpressed using pCMV6-
XL5 vector containing SMAD4 sequence (pCMV6-SMAD4)
while empty vector lacking SMAD4 sequence (pCMV6) was
used as negative control. To evaluate the anti-proliferative
effects of ACA on the transfected cells, MTT cell viability
assay was carried out. Results showed a significant reduction
in the cell viability when SMAD4 is overexpressed (Fig. 4A).
To determine if SMAD4 overexpression augments ACA-
induced apoptosis, transfected cells treated with ACA were
analyzed using Annexin/Pl assay. As seen in Fig. 4B, a signifi-
cant increase in the number of apoptotic cells was observed
when SMAD4 is overexpressed. To verify this, the activation
of Caspase 3/7 was assayed. Similarly, a marked increase in

Fig. 2. Suppression of miR-210 increases
- ACA-induced apoptosis. (A) Apoptosis
effects on cells transfected with miR-210
hairpin inhibitor followed by exposure to
ACA. (B) Caspase 3/7 activity on cells
transfected with miR-210 hairpin inhibi-
tor followed by exposure to ACA. **P <
0.05.
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Caspase 3/7 activity was observed in SMAD4-overexpressing
cells treated with ACA (Fig. 4C). These results demonstrated
that overexpression of SMAD4 augmented the anti-
proliferative and apoptosis-inducing effects of ACA.

DISCUSSION

The use of cisplatin-based regimens has long been reported
to be most active in treating cervical cancer despite median
overall survival being only around 1 year (Monk et al., 2009).
However, the addition of targeted therapy such as bevaci-
zumab, a humanized monoclonal antibody against vascular
endothelial growth factor A (VEGF-A), has greatly improved
the overall survival in advanced or recurrent cervical cancer
compared to the use of chemotherapy alone. Subsequently,
US Food and Drug Administration approved the use of
bevacizumab in persistent, recurrent or metastatic cervical
cancer in combination with chemotherapy in 2014 (Crafton
and Salani, 2016). This advancement has spurred interests to
identify new combinations to improve efficacies in chemo-
therapy.

The miR-210 is frequently up-regulated in many cancer
types, including cervical cancer (Rao et al., 2012). In cervical
cancer patients, miR-210 was also found to be expressed at
higher levels in HPV-positive patients than HPV-negative
patients (Lou et al., 2016). Since miR-210 is overexpressed in
HPV-positive Ca Ski and SiHa cells compared to normal cer-
vical tissues and HPV-negative cervical cancer cell line (C-
33a) (Martinez et al.,, 2008), these two cell lines were select-
ed to be used for this study.

Previous studies have reported that down-regulation of
miR-210 in combination with radiotherapy enhanced anti-
tumor effects on human hepatoma cell lines and xenograft
(Yang et al., 2012; 2013). Beside this, an association be-
tween miR-210 plasma levels and trastuzumab resistance in
patients with HER2-positive breast cancer was also observed
(Jung et al., 2012). These studies revealed the potential role
for miR-210 in cancer therapies. In the present study, we
demonstrated that down-regulation of miR-210 enhanced
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sensitivity towards ACA by augmenting ACA-induced apop-
tosis, indicating that miR-210 plays a role in regulating re-
sponse towards anti-cancer agents.

In addition, we have also identified SMAD4 as a direct tar-
get of miR-210. Loss or reduction in SMAD4 function has
been reported in many cancers such as breast (Liu et al,
2015), colorectal (Miyaki et al., 1999) and cervical cancer
(Baldus et al., 2005; Kloth et al., 2008). Additionally, re-
duced SMAD4 expression was also observed in HPV-positive
tumors compared to HPV-negative tumors (Baez et al,
2005; Kloth et al., 2008). Contrastingly, SMAD4 was report-
ed to be oncogenic in other cancers such as hepatocellular
carcinoma (Hernanda et al., 2015), suggesting that its role
might be cell-context-dependent. Past studies have shown
that ectopic expression of SMAD4 induced apoptosis on
SiHa cells (Lee et al., 2001), and reduced cervical cancer
growth in nude mice (Klein-Scory et al.,, 2007), indicating a
tumor suppressive role for SMAD4 in cervical cancer. Differ-
ent groups have reported a positive correlation between
SMAD4 expression and sensitivity towards cetuximab in
head and neck squamous cell carcinoma (Cheng et al.,
2015) as well as 5-fluorouracil in breast (Yu et al., 2013) and
colorectal cancer (Papageorgis et al., 2011; Zhang et al,
2014; 2016). In this study, we showed that overexpression
of SMAD4 in cervical cancer cells augmented anti-
proliferative and apoptosis-inducing effects of ACA, indicat-
ing that SMAD4 plays a role in regulating response towards
anti-cancer agents.

In summary, our results demonstrated that down-regulation
of miR-210 enhanced sensitivity towards ACA in cervical can-
cer cells by regulating SMAD4. These findings suggest that
combination of miRNAs and natural compounds could pro-
vide new strategies in treating cervical cancer.
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