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Abstract

Objective: As the second common malignant tumor in females, cervical cancer severely affects public
health. Epithelial-Mesenchymal Transition (EMT) occurs in tumor cells and is a key factor for tumor
infiltration and metastasis. MicroRNA (miRNA) can inhibit mRNA translation and thus may be
associated with tumor EMT. This study treated cervical cancer Hela cell line with neo-gambogic acid, to
investigate its regulation on mRNA, aiming to elucidate its effects on EMT occurrence and drug
resistance.
Materials and methods: Human cervical carcinoma Hela cells were transfected with miRNA106b and
miRNA93 vectors, and treated with different concentrations of neo-gambogic acid (0.5 μg/ml, 1.0 μg/ml,
1.5 μg/ml and 2.0 μg/ml) for different time points (24 h, 48 h and 72 h), followed by cisplatin treatment.
Real-time PCR was used to detect the expression of miRNA. Cell invasion and migration were detected
by Transwell assay, while Western blot was used to quantify the EMT-related protein expression.
Results: With higher concentration and/or longer treatment time of neo-gambogic acid, expressions of
miRNA106b and miRNA93 were decreased (p<0.05) in Hela cells, which also had reduced cell invasion
and migration ability (p<0.05). The higher concentration of neo-gambogic acid decreased the protein
expressions of N-cadherin, Snail and Vimentin, while increased E-cadherin expression (p<0.05). After
treatment with cisplatin, the expression of miRNA was further decreased after treatment of higher
concentration of neo-gambogic acid.
Conclusion: Neo-gambogic acid can decrease miRNA106b and miRNA93 levels in Hela cells, increase
cell sensitivity to cisplatin, increase E-cadherin expression, decrease N-cadherin, Snail and Vimentin
expression, as well as inhibit Hela cell invasion and migration.
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Introduction
Cervical cancer is one of the most common malignant tumors
in females. About 500,000 women were diagnosed with
cervical cancer each year worldwide, only fewer than breast
cancer. In China, there were over 135,000 newly-diagnosed
cervical cancer patients each year, ranked as the second major
cancer causing mortality in Chinese women [1]. Epithelial-
Mesenchymal Transition (EMT) is a feature of tumor stem
cells. Recent study has shown the close association with EMT
formation as well as the occurrence and development of
epithelial-derived malignant tumors [2]. The occurrence of
EMT is mainly due to the loss of epithelial cell polarity, thus
acquiring partial features of mesenchymal cells, leading to cell
invasion and migration. Both in vivo and in vitro studies have
found the widespread existence of EMT in pulmonary
carcinoma, breast cancer and prostate cancer [3]. Gamboge is
secreted from Garcinia maingayii and has multiple effects
including anti-toxicity and haemorrhage prevention. Recent
study has shown the inhibitory role of gamboge on tumor cell

growth, suggesting it might be a potential approach for treating
breast cancer, lymphoma and skin cancer [4,5]. Basic study has
indicated the major effective component of gamboge during
anti-tumor effects as gambogic acid, neo-gambogic acid and
iso-gambogic acid, all of which had wide spectrum of anti-
tumor and potent activity [6]. This study selected cervical
cancer Hela cell, on which neo-gambogic acid was applied to
test its regulatory effects on mRNA expressions, in an attempt
to analyze its effect on EMT in cervical cancer, as well as on
the drug resistance.

Materials and Methods

Cells
Human cervical cancer Hela cell line was a gift from Xi'an Jiao
Tong University (Shaanxi, China).
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Reagent and instrument
Neo-gambogic acid was purchased from
Bengbu Medical College (Purity 99%, lot number 20070224).
DMEM culture medium, streptomycin/penicillin, foetal bovine
serum was purchased from Gibco (US). Forward and reverse
primers were synthesized by Sango (China). Lipofectamine
2000 transfection reagent was produced by Invitrogen (US).
Mouse anti-human E-cadherin, N-cadherin, Snail and Vimentin
monoclonal antibody were purchased from BioRad (US).
Trizol reagent was purchased from Invitrogen (US).
Fluorescent quantitative PCR kit was provided by Sango
(China). Transwell chamber was purchased from Millipore
(US). Incubation chamber was provided by Thermo (US). CO2
chamber and -80°C fridge were purchased from SANYO
(Japan). Inverted microscope was provided by Nikon (Japan).
PCR cycler model T1 was a product from Biometra (US).
High-speed centrifuge was purchased from Beckman (US).

Cell culture
Human cervical carcinoma Hela cells were cultured in
RPMI1640 medium in a humidified chamber with 5% CO2 at
37°C.

Transfection
Recombinant pC1R1-miRNA106 expression vector was
digested by EcoRI enzyme, and was extracted for target gene
and linearized vector fragments for de-phosphorylation to
prevent auto-circulation. Cells at log-phase were seeded into 6-
well plate and divided into pcDNA3.1-miRNA106b
transfection group and pcDNA3.1-miRNA93 group.

MiRNA106 and miRNA93 vectors were transfected into
cervical cancer Hela cells following the manual instruction of
Lipofectamine 2000 kit.

Neo-gambogic acid intervention
Hela cells at log-phase were counted and seeded into culture
plate for attachment growth overnight. DMEM medium
containing 2% Foetal Bovine Serum (FBS) was used for 24 h-
incubation, and replaced by DMEM containing 10% (FBS).
Neo-gambogic acid at 0.5 μg/ml, 1.0 μg/ml, 1.5 μg/ml and 2.0
μg/ml were added into DMEM and incubated for different time
periods (24 h, 48 h and 72 h), in parallel with the control
group, in which Hela cells were not treated.

Cisplatin treatment
Both experimental and control cells were treated with 20
μmol/ml cisplatin in a humidified chamber with 5% CO2 at
37°C.

Real-time PCR
Hela cells at log-phase after transfection were collected and
total RNA was extracted by Trizol kit following manual
instruction. Total RNA concentration was determined by
D260nm/D280nm.

200 ng total RNA was used to synthesize cDNA based on
polyA tails. Using cDNA as the template, PCR amplification
was performed using primers (Table 1) under the following
conditions: 95°C denature for 30 s, followed by 40 cycles
composed of 95°C denature for 5 s, 60°C annealing for 30 s.

Table 1. Primer sequence.

Gene Forward primer Reverse primer

miR-106b 5'-GCGAAAGCATTTGCCAAGAA-3' 5'-CATCACAGACCTGTTATTGC-3'

miR-93 5'-AAATCACCACCTTCACAGCC-3' 5'-GTTGTAATGGTTCTCCTCCAGC-3'

β-actin 5'-AGCGGGAAATCGTGCGTGACA-3' 5'-GTGGACTTGGGAGAGGACTGG-3'

Transwell assay
Cell invasion assay: Matrigel was used to pre-coat Transwell
chamber at 4°C overnight. Serum-free culture medium was
used to hydrate the basal membrane, which was then incubated
at 37°C for 1 h. After transfection, Hela cells were inoculated
into the upper chamber of Transwell, while the bottom
chamber was filled with RPMI1640 culture medium. The
chamber was stained by Giemsa dye, observed and counted
under an inverted microscope.

Cell migration assay: Using the same procedures as the
invasion assay, cells were seeded into the chamber without
artificially basal membrane.

Western blotting
Protein was extracted from Hela cells after transfection
followed by detection of the concentration by a BCA assay kit.
Proteins (40 μg per well) were separated in 8% SDS-PAGE and
transferred to membrane, which was blocked under room
temperature for 1 h. Mouse anti-human vimentin, N-cadherin
and E-cadherin polyclonal antibody were diluted by 1:1200.
Mouse anti-human SNAIL monoclonal antibody was diluted
by 1:700 and incubated at 4°C overnight. Secondary antibody
was then added for 1 h incubation, followed by development.

Statistical analysis
SPSS17.0 software was used for statistical analysis. Data were
presented as mean ± standard deviation (SD). At least three
independent experiments were performed for each assay in this
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study. Two-way analysis of variance (ANOVA) with
Bonferroni post-test was performed for comparison of the
significance among multiple treatment groups at different time
points. A statistical significance was defined when p<0.05.

Results

Expression of miRNA106b and miRNA93 in Hela
cells
To evaluate whether neo-gambogic acid affects the expression
profile of miRNA106b and miRNA93 in Hela cells, real-time
PCR were performed. Results showed that with higher
concentration and/or elongated treatment time of neo-
gambogic acid, the expressions of both miRNAs were
significantly decreased (p<0.05).

At all concentration sub-groups, the expressions of these two
miRNAs in experimental group were significantly lower than
those in the control group (p<0.05) (Table 2).

Hela cell invasion and migration
Transwell assay was performed to assess the effect of neo-
gambogic on the invasion and migration ability of Hela cells.
After treatment of 2.0 μg/ml neo-gambogic acid for 72 h, we
found significant decrease of cell invasion and migration
activities of Hela cells (p<0.05, Figure 1).

Figure 1. Hela cell invasion and migration ability. (A) Cell invasion
in experimental group (X200); (B) Cell migration in experimental
group (X200); (C) Cell invasion in control group (X200); (D) Cell
migration in control group (X200).

EMT related protein expression in Hela cells
As reduced cell invasion and migration were observed in Hela
cells after neo-gambogic treatment, suggesting this reagent
might affect EMT. To investigate that, we measured the protein
expression levels of E-cadherin, N-cadherin, Snail and
Vimentin by western blot.

Results showed that with higher concentration and/or
elongated treatment time of neo-gambogic acid, the expression
levels of N-cadherin, Snail and Vimentin were all decreased
while E-cadherin protein expression was elevated (p<0.05).

At all concentration sub-groups of experimental group, there
was a significant difference compared with control group
(p<0.05, Table 3 and Figure 2).

Table 2. MiRNAs expression in Hela cells.

Group 24 h 48 h 72 h 

miR-106b miR-93 miR-106b miR-93 miR-106b miR-93

Experimental group (μg/ml) 

0.5 0.365 ± 0.1341 0.307 ± 0.1431 0.312 ± 0.1231,5 0.269 ± 0.1311,5 0.265 ± 0.1141,5,6 0.212 ± 0.1231,5,6

1 0.212 ± 0.1221,2 0.217 ± 0.1231,2 0.203 ± 0.1111,2,5 0.186 ± 0.1121,2,5 0.167 ± 0.1021,2,5,6 0.145 ± 0.1031,2,5,6

1.5 0.116 ± 0.1031,2,3 0.112 ± 0.1091,2,3 0.104 ± 0.1011,2,3,5 0.108 ± 0.1021,2,3,5 0.085 ±
0.0761,2,3,5,6

0.082 ±
0.0671,2,3,5,6

2 0.107 ± 0.0981,2,3,4 0.106 ± 0.0921,2,3,4 0.101 ±
0.0871,2,3,4,5

0.097 ±
0.0821,2,3,4,5

0.045 ±
0.0331,2,3,4,5,6

0.051 ±
0.0421,2,3,4,5,6

Control group (μg/ml) 0.732 ± 0.136 0.696 ± 0.142 0.734 ± 0.131 0.696 ± 0.142 0.729 ± 0.142 0.687 ± 0.145

Note: 1p<0.05 compared to control group; 2p<0.05 compared to 0.5 μg/ml group; 3p<0.05 compared to 1.0 μg/ml group; 4p<0.05 compared to 1.5 μg/ml group; 5p<0.05
compared to 24 h group; 6p<0.05 compared to 48 h group.

Table 3. Expression of EMT-related proteins in Hela cells after transfection.

Item Experimental group (μg/ml) Control (μg/ml) 

0.5 1 1.5 2

E-cadherin 

24 h 0.51 ± 0.211 0.36 ± 0.181,2 0.21 ± 0.131,2,3 0.16 ± 0.111,2,3,4 0.74 ± 0.37

48 h 0.44 ± 0.151,5 0.24 ± 0.131,2,5 0.17 ± 0.081,2,3,5 0.10 ± 0.031,2,3,4,5 0.72 ± 0.38

72 h 0.23 ± 0.131,5,6 0.17 ± 0.091,2,5,6 0.10 ± 0.031,2,3,5,6 0.14 ± 0.011,2,3,4,5,6 0.69 ± 0.41
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N-cadherin 

24 h 0.76 ± 0.391 0.57 ± 0.241,2 0.42 ± 0.211,2,3 0.33 ± 0.171,2,3,4 0.11 ± 0.07

48 h 0.54 ± 0.251,5 0.42 ± 0.211,2,5 0.35 ± 0.141,2,3,5 0.22 ± 0.121,2,3,4,5 0.10 ± 0.08

72 h 0.43 ± 0.211,5,6 0.37 ± 0.181,2,5,6 0.21 ± 0.111,2,3,5,6 0.19 ± 0.111,2,3,4,5,6 0.10 ± 0.09

Snail 

24 h 0.85 ± 0.341 0.56 ± 0.231,2 0.42 ± 0.141,2,3 0.37 ± 0.091,2,3,4 0.12 ± 0.06

48 h 0.71 ± 0.251,5 0.43 ± 0.171,2,5 0.85 ± 0.041,2,5,6 0.26 ± 0.081,2,3,5,6 0.10 ± 0.09

72 h 0.53 ± 0.211,5,6 0.29 ± 0.141,2,5,6 0.21 ± 0.091,2,3,5,6 0.18 ± 0.071,2,3,4,5,6 0.12 ± 0.07

Vimentin 

24 h 1.16 ± 0.421 1.02 ± 0.331,2 0.78 ± 0.241,2,3 0.46 ± 0.321,2,3,4 0.13 ± 0.07

48 h 1.01 ± 0.311,5 0.86 ± 0.211,2,5 0.46 ± 0.171,2,3,5 0.31 ± 0.231,2,3,4,5 0.13 ± 0.08

72 h 0.76 ± 0.221,5,6 0.55 ± 0.121,2,5,6 0.26 ± 0.111,2,3,5,6 0.19 ± 0.111,2,3,4,5,6 0.11 ± 0.05

Note: 1p<0.05 compared to control group; 2p<0.05 compared to 0.5 μg/ml group; 3p<0.05 compared to 1.0 μg/ml group; 4p<0.05 compared to 1.5 μg/ml group; 5p<0.05
compared to 24 h group; 6p<0.05 compared to 48 h group.

Table 4. MiRNA expression in cisplatin-treated Hela cells.

Group 24 h 48 h 72 h 

miR-106b miR-93 miR-106b miR-93 miR-106b miR-93

Experimental (μg/ml) 

0.5 0.325 ± 0.1441 0.311 ± 0.1411 0.336 ± 0.1251,5 0.254 ± 0.1281,5 0.232 ± 0.1121,5,6 0.212 ± 0.1231,5,6

1 0.208 ± 0.1211,2 0.206 ± 0.1221,2 0.212 ± 0.1131,2,5 0.175 ± 0.1071,2,5 0.145 ± 0.1021,2,5,6 0.123 ± 0.1011,2,5,6

1.5 0.112 ± 0.1131,2,3 0.108 ± 0.1041,2,3 0.102 ± 0.1021,2,3,5 0.106 ± 0.1011,2,3,5 0.064 ±
0.0731,2,3,5,6

0.052 ±
0.0671,2,3,5,6

2 0.105 ±
0.0921,2,3,4

0.105 ± 0.0981,2,3,4 0.101 ± 0.0561,2,3,4,5 0.085 ± 0.0521,2,3,4,5 0.034 ±
0.0231,2,3,4,5,6

0.031 ±
0.0221,2,3,4,5,6

Control (μg/ml) 0.732 ± 0.136 0.696 ± 0.142 0.734 ± 0.131 0.696 ± 0.142 0.729 ± 0.142 0.687 ± 0.145

Note: 1p<0.05 compared to control group; 2p<0.05 compared to 0.5 μg/ml group; 3p<0.05 compared to 1.0 μg/ml group; 4p<0.05 compared to 1.5 μg/ml group; 5p<0.05
compared to 24 h group; 6p<0.05 compared to 48 h group. 

Figure 2. EMT related protein expressions in Hela cells. Left panels,
experimental group using 2.0 μg/ml neo-gambogic acid for 72 h;
Right panels, control group.

MiRNA expression after cisplatin treatment
To further investigate the effect of cisplatin treatment on the
expressions of miRNA, we performed real-time PCR to detect

the expression of miRNA106b and miRNA93 expression in
cisplatin treated Hela cells. Results showed that in those
cisplatin-treated cells, elongated time period and higher
concentration of neo-gambogic acid further decreased miRNA
expressions (p<0.05, Table 4).

Discussion
The rapid increase of cervical cancer incidence and the
younger age of patients have been observed recently. Although
the improvement of diagnostic technique has significantly
reduced the mortality rate, the strong malignancy and higher
mortality rate still severely affect the survival time and life
quality of patients [7].

EMT is widely distributed in multiple malignant tumors with
epithelial tissue derivation, and is mainly featured as the loss of
epithelial cell polarity and acquirement of mesenchymal cell
property, thus facilitating tumor infiltration and migration [8].
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Recent studies have indicated that miRNA mutation and
further expressional alternation may modulate the post-
transcriptional expressions of target genes, thus affecting the
sensitivity of tumor cells in response to chemotherapy agents
[9]. As a family of non-coding RNA, miRNAs can specifically
bind to 3’-untranslated region (3’-UTR) of target gene(s) to
degrade mRNA, thus mediating post-transcriptional
modification [10].

In this study Hela cells were transfected with miRNA106b and
miRNA93. With different concentrations and time periods of
neo-gambogic acid treatment, we found the decrease of the
expressions of both miRNAs with higher concentration and/or
elongated treatment periods. These results suggested that
intervention using neo-gambogic acid on Hela cells could
decrease the expression of miRNA106b and miRNA93 in a
dose-dependent and time-dependent manner. Previous study
has shown the synergistic effect of miRNA106b and miRNA93
in miRNA106b family in gastric carcinoma as they can
suppress the expression of cell cycle-dependent protein kinase
inhibitor P21, P57 and P27, leading to facilitation of G1/S
transition of cells to accelerate cell cycle of cancer [11]. In
breast cancer, it has been known that miRNA106b, miRNA93
and miRNA25 had synergistic effects on modulating SMAD37
to activate TGF-β signaling pathway, resulting in the
acceleration of EMT [12].

This study treated Hela cells with 2.0 μg/ml neo-gambogic acid
for 72 h and found significantly decreased migration and
invasion activities as demonstrated by Transwell assay,
suggesting that neo-gambogic acid could regulate the invasion
and migration of cervical carcinoma cells. Further Western blot
assay was performed for analysis of the expression levels of E-
cadherin, N-cadherin, Snail, and Vimentin proteins and found
decreased expressions of N-cadherin, Sanil and Vimentin and
elevated E-cadherin proteins with higher concentration and/or
elongated treatment periods of neo-gambogic treatment. These
results indicated that neo-gambogic treatment could decrease
the expressions of N-cadherin, Sanil and Vimentin and
elevated E-cadherin expression in a dose- and time-dependent
manner. EMT is known to be related with tumor invasion and
migration mainly due to the loss of epithelial features and cells,
which acquire mesenchymal features [13]. E-cadherin is a
tumor-suppressor gene as its decreased expression could
stimulate the peripheral infiltration and migration of tumor
cells [14]. N-cadherin, however, mainly inhibits cell apoptosis
and is positively expressed during embryonic differentiation
and formation [15]. Vimentin is mainly distributed in
mesenchymal tissues and is an important cytokine in
accelerating tumor progression [16]. Snail could bind to E-
cadherin gene promoter to inhibit gene expression and
facilitate vimentin expression, leading to EMT in tumor cells.
The high-expression of Snail is closely correlated with the
occurrence, progression, invasion and migration of cervical
cancer [17]. This study probably suggested that neo-gambogic
acid could inhibit Hela cell invasion and migration via
increasing E-cadherin expression and decreasing the
expressions of N-cadherin, Snail and Vimentin, in order to
manage EMT occurrence.

We further treated those Hela cells after neo-gambogic acid
treatment with cisplatin. Real-time PCR found decreased
expressions of miRNA106b and miRNA93 in those neo-
gambogic acid treated Hela cells after cisplatin intervention.
With higher concentration and/or elongated treatment time of
neo-gambogic acid, the decrease of miRNA expressions was
even more significant. Cisplatin is a common chemotherapy
drug in clinic, and is the primary choice for chemotherapy
against cervical cancer. It can form DNA complex to activate
cell cycle related proteins to participate DNA injury response,
leading to induction of cell apoptosis [18]. Previous study has
found the down-regulation of miRNA106b and miRNA93 in
Hela cells after cisplatin intervention, suggesting the possible
involvement of those miRNAs in cisplatin-induced DNA
damage. Moreover, knockout of RAD1, which is the target
gene of miRNA106b and miRNA93, could significantly
increase cell sensitivity to cisplatin [19,20]. These studies
suggested that miRNA106b and miRNA93 might be involved
in the drug resistance of Hela cells. Neo-gambogic acid thus
might increase the sensitivity of Hela cells to cisplatin and
decrease the incidence or drug resistance via decreasing
expressions of miRNA106b and miRNA93.

In summary, neo-gambogic acid can decrease the expression of
miRNA106b and miRNA93 in Hela cells in a dose- and time-
dependent manner. Neo-gambogic acid could also increase the
sensitivity of Hela cells in response to cisplatin and decrease
the incidence of drug resistance. It may also inhibit cell
invasion and migration via elevating E-cadherin and
depressing N-cadherin, Snail and Vimentin expressions, thus
managing occurrence and progression of EMT, although its
exact molecular mechanism requires further illustration in the
future.
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