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Background: Shikonin, the main ingredient of Lithospermum erythrorhizon, has been
reported to have antitumor effects via multiple targets and signaling pathways. However,
the detailed mechanism underlying the effects in cervical cancer still remained unknown.
Methods: MTT, wound-healing, transwell assays and flow cytometry experiments were
used to measure cell growth, migration, invasion, and cell cycle analysis. Western blot was
used to examine protein levels of Snail, Vimentin and E-cadherin. The expression level of
miR-183-5p was measured via qRT-PCR. The E-cadherin promoter activity was detected via
Secrete-PairTM Dual Luminescence Assay Kit. The transient transfection experiments were
used for silencing of E-cadherin and overexpression of Snail genes. Tumor xenograft and
bioluminescent imaging experiments were carried out to confirm the in vitro findings.
Results: We showed that shikonin inhibited cell viability, migration and invasion, and
induced cell cycle arrest in a dose-dependent manner in cervical cancer Hela and C33a
cells. Mechanistically, we found that shikonin increased miR-183-5p expression and inhib-
ited expression of transcription factor Snail protein. The mimics of miR-183-5p reduced,
while the inhibitors of miR-183-5p reversed shikonin-inhibited Snail protein expression. In
addition, shikonin decreased Vimentin, increased E-cadherin protein expressions and
E-cadherin promoter activity, the latter was reversed in cells transfected with exogenous
Snail overexpression vectors. Moreover, silencing of E-cadherin significantly abolished
shikonin-inhibited cervical cancer cell growth. Similar findings were also observed in vivo
using one xenograft mouse model.

Conclusion: Our results show that shikonin inhibits EMT through inhibition of Snail and
stimulation of miR-183-5p expressions, which resulted in induction of E-cadherin expres-
sion. Thus, blockade of EMT could be a novel mechanism underlying the anti-cervical cancer
effects of shikonin.
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Introduction

Cervical cancer is one of the most common cancers in women worldwide.' Cervical
cancer is amenable for early detection due to its long and relatively well-known
natural history prior to its culmination as invasive disease." Genetic and epigenetic
alterations, and mutations in host cell genes are crucial for development and
progression of cervical precancerous lesions to invasive cancer. While concurrent
chemoradiotherapy and subsequent chemotherapy are well tolerated and efficient
treatment modalities, treatment outcome is rarely curative for advanced stage
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patients. Targeted therapies based on the knowledge of the
molecular pathogenesis of the disease and immunotherapy
targeting human papillomavirus (HPV) oncoproteins, such
as E6 and E7, showed some promising.”® However,
advanced-inoperable cervical cancer is still challenging
due to increased percentage of regional and distant recur-
rences with dismal prognosis. Thus, better understanding
of pathological changes and development of new treatment
paradigm are strongly desirable.

Shikonin, a natural naphthoquinone component extracted
from the root of Lithospermum erythrorhizon and Arnebia
euchroma (Royle) Johnst native to China, hold promising
potentials for antitumor effects via multiple-target
mechanisms.*® It was reported that the anti-migration and
anti-invasion activities of shikonin was through inhibition of
c-Met followed by suppression of epithelial-mesenchymal
transition (EMT) in lung cancer cells.” Shikonin showed to
exert anticancer effects on gallbladder cancer (GBC) cells by
inducing apoptosis and regulating the cell cycle arrest via the
c-Jun N-terminal kinase (JNK) signaling pathway.'’
Preliminary clinical trials indicated the potential of shikonin
for translation into application in clinical oncology. Shikonin
was also found to have additive and synergistic interactions in
combination with established chemotherapeutics and immu-
notherapeutic approaches, radiotherapy and other treatment
modalities, which further strengthened the potential of this
phytochemical to be integrated into standard treatment regi-
mens in cancer.'""'? EMT is a fundamental process to regulate
cell migration and invasion. Shikonin inhibited triple-negative
breast cancer (TNBC) cell metastasis by targeting the EMT
via glycogen synthase kinase-3f3 (GSK-3), a serine/threonine
protein kinase, mediated suppression of B-catenin signaling,
which highlighted the importance of shikonin as a potential
candidate for novel anticancer therapeutics against TNBC.'"?
Although the roles of shikonin in anti-cervical cancer were

reported previously,'* '

its precise molecular antitumor
mechanism still remained to be elucidated.

MiRNAs are small endogenous non-coding single-
stranded RNAs that have been involved in the tumorigenesis,
cell differentiation, tumor maintenance, distant metastasis
and therapeutic resistance in cancer biology and played
a critical role as potential biomarker and therapeutic target
in cancer.'”'® Thus, identifying miRNAs and further infer-
ring miRNA functions have become an important strategy in
understanding physio-pathological processes, and their roles
in cancer predictors and therapeutic targets.'**° Expressions
of miRNAs, such as miR-183-5p, have been shown to be
associated with the growth and progression of cancer through

multiple mechanisms.?'** The inhibition of miR-183-5p
significantly abolished the effects of tripartite motif-
containing protein 65 (TRIM65), a critical regulator of
a variety of cellular processes and tumor progression, on
autophagy and cisplatin-induced apoptosis suggesting
a critical role of miR-183-5p in mediating the TRIM65 —
regulated autophagy and cisplatin resistance in human lung
cancer A549/DDP cells.>! Another study showed that the
expression of long non-coding RNA (IncRNA) taurine-
upregulated gene 1 (TUG1) was increased in cervical cancer
tissues, which was correlated with advanced clinical features
and poor overall survival in patient with cervical cancer.
Mechanistically, TUG1 could act as an endogenous sponge
by directly binding to miR-183-5p thereby suppressing miR-
183-5p expression via activating Wnt/B-catenin signaling
pathway.®> Also, overexpression of miR-183-5p reduced
proliferation, induced cell cycle arrests and apoptosis by
suppressing silent information regulator-1 (SIRT1) expres-
sion in cervical cancer cells.”® Thus, miRNAs including
miR-183-5p represent interesting strategies for diagnosis
and prognosis in cervical cancer.”” Regardless, the detailed
mechanisms underlying the anti-cervical cancer effect of
miRNAs,

determined.

such as miR-183-5p, still required to be
In this study, we explored the potential molecular
mechanism underlying the anti-cervical cancer effect. We
showed that shikonin inhibited EMT through regulation of
miR-183-5p and Snail expressions, and this result in
induction of E-cadherin expression in vitro and in vivo.

Materials and Methods
Cell Culture and Reagents

Hela and C33a, both human cervical cancer cell lines, were
obtained from American Type Culture Collection (ATCC,
Manassas, VA, USA). All cells were cultured in Dulbecco’s
Modified Eagle Medium (DMEM) (Gibco, Grand Island,
NY, USA), supplemented with 10% heat-inactivated fetal
bovine serum (FBS), 100 U/mL penicillin and 100 mg/mL
streptomycin (Gibco, Grand Island, NY, USA) at 37°C in
humidification environment encompassing 5% carbon diox-
ide (CO2).
Biotechnology Co. (Dalian, China) and dissolved with
dimethyl sulfoxide (DMSO) (Sigma-Aldrich, St. Louis,
MO, USA). 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenylte-
trazolium bromide (MTT) was obtained from Promega
(Madison, WI, USA). Cell Cycle staining kit was obtained
from MultiSciences (Lianke) Biotechnology Co. (Hangzhou,

Shikonin was purchased from Meilun
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China). Lipofectamine 3000 reagent was ordered from Life
Technologies (AB &invitrogen, Carlsbad, CA, USA).
Geneticin  (G-418 Sulfate) was obtained from Life
Technologies (Carlsbad, CA, USA). The D-luciferin was
purchased from PerkinElmer (Waltham, MA, USA).
Antibodies against Vimentin, E-cadherin, Snail and B-actin,
and the secondary horseradish peroxidase (HRP)-labeled
antibody were purchased from Cell Signaling Technology
(CST; Beverly, MA, USA).

Cell Viability
MTT experiment was performed to measure cell viability of
Hela and C33a cells. The cells seeded in 96-well plates
(5x10° cells/well) were incubated at 37°C with 5% CO2
and treated with the increased dosages of shikonin for up to
72 h. Subsequently, cells were incubated with MTT tetra-
zolium salt at a working concentration of 5 mg/mL for 4
h. The absorbance of the dissolved formazan crystals in
each well was measured using a Microplate Reader (Bio-
Rad, Hercules, CA, USA) at 490 nm. Cell viability was
calculated by the following equation: (absorbance of the
experiment samples/absorbance of the control) x 100%.

Cell Cycle Analysis

Hela and c33a cells were cultured in 6-well plates and treated
with increased doses of shikonin for 24 h. Cell cycle experi-
ment was carried out using the cell cycle staining kit based on
the manufacture’s instruction. In brief, the cells were washed
and resuspended in PBS and then incubated with 0.05 mg
0.1% sodium citrate containing propidium iodide and 50 ug
RNase for 1 h at room temperature. The cells were washed
and subjected to FACSCalibur flow cytometric analysis
(FC500, Beckman Coulter, FL, USA). The proportion (per-
centage) of cells within the GO/G1, S, and G2/M phases of
the cell cycle was analyzed using the MultiCycle AV DNA
Analysis software (Phoenix Flow Systems, Inc. San Diego,
CA, USA).

Wound-Healing Assay

Cells were seeded at 3x10° cells per well and cultured for
24 h in 6 well plates. After scraping the cell monolayer
with a sterile micropipette tip, the wells were washed with
PBS and treated with indicated concentrations of shikonin
for 24 h. The first image of each scratch was obtained at
zero time. After 24 h, the image of each scratch was
captured at the same location and the healed area was
measured. Images of the scratch were taken at 100 X
magnification and the extent of migration in each sample

was photographed under Axiovert 200 microscope (Nikon,
TI2-E, Tokyo, Japan) and measured by Image J software
(National Institutes of Health, Bethesda, MD, USA) and
expressed as percentage of control (0 h).

Invasion Assay

Cells were cultured in transwell plates with chambers that
were equipped with 8 um pore size and 6.5-mm diameter
polyvinylpyrrolidone (PVP)-free polycarbonated mem-
branes (Corning Costar Inc., NY, USA) according to instruc-
tions. The cells were seeded onto the upper chamber at
a concentration of 5x10* cells/well and were cultured in the
presence or absence of shikonin in the serum-free medium
for 24 h. The lower chambers of the transwell were filled with
complete medium containing 10% FBS. After incubation for
24 h, the cells were fixed with 4% paraformaldehyde and
stained with 0.1% crystal violet. Pictures were taken under
100 x magnifications. Five fields on each membrane were
randomly selected and the number of invaded cells was
counted as percentage of control under microscope (Nikon,
TI2-E, Tokyo, Japan).

Cell Transfection Assay

The miR-183-5p mimics and negative control were obtained
from RIBO BIO Inc. (Guangzhou, China). Hela and c33a
cells were cultured in 6-well plates before transfection. MiR-
183-5p mimics were transiently transfected into cells by
Lipofectamine RNAIMAX transfection reagent (AB & invi-
trogen, Carlsbad, CA, USA) complying with the manufac-
turer’s instructions. In separate experiments, the cells were
transfected with the Snail overexpression vector or control
vector purchased from Genechem Co (Shanghai, China)
using Lipofectamine 3000 reagent (Invitrogen) according to
the manufacturer’s protocol.

Western Blot Analysis

Hela and c33a cells were harvested, washed and lysed with
radioimmunoprecipitation assay (RIPA) buffer (Beyotime,
Shanghai, China). Protein concentration was determined by
the Thermo bicinchoninic acid (BCA) protein assay Kit.
Equal amounts of proteins from whole cell lysates were
separated on 10% sodium dodecyl sulfate (SDS) polyacry-
lamide gels and then the proteins were transferred onto
polyvinylidene fluoride (PVDF) membranes and incubated
for immunoblotting with the relevant primary antibodies
against Snail, Vimentin and E-cadherin (1:1000 dilutions)
at 4°C overnight. The membranes were washed and incu-
bated with a secondary antibody raised against rabbit IgG
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conjugated to horseradish peroxidase (Cell Signaling,
Beverly, MA, USA). The membranes were washed again
and transferred to freshly made enhanced chemilumines-
cence (ECL) solution (Immobilon Western; Millipore,
Billerica, MA, USA), followed by observing signals using
the Gel Imagine System (Bio-Rad, Hercules, CA, USA) and
documenting the results. Image J software (National
Institutes of Health, Bethesda, MD, USA) was applied to
quantify and compare the intensity of single band between
the control and proteins of interest.

Quantitative Reverse

Transcription-Polymerase Chain Reaction
(gRT-PCR)

RNA was prepared from either cells or tissue samples
using Trizol (Invitrogen, Carlsbad, CA, USA). Reverse
transcription reaction was conducted to synthesize com-
(cDNAs) by wielding Reverse
Transcription Kit (Takara, Japan). The TagMan Universal

plementary DNAs

Master Mix II (Takara, Japan) were used for the analysis
of miR-183-5p expression, and U6 was used for internal
control for normalization purpose. These outcomes were

assessed by using the 2724

method. The sequences of the
miR-183-5p and U6 primers were provided as below:
miR-183-5p forward: GCCGCTATGGCACTGCTA; miR-
183-5p reverse: CAGAGCAGGGTCCGAGGTA; U6 for-
ward: CGCTTCGGCAGCACATATAC; U6 reverse:
TTCACGAATTTGCGTGTCATC. QRT-PCR was per-
formed in a 20 pL mixture containing 2 pL of the cDNA
preparation and using ChamQ™ Universal SYBR Green
gPCR Master Mix (Vazyme Biotech Co., Ltd. Nanjing,
China) on an ABI 7500 Real-Time PCR System (Applied
Biosystems, Grand Island, NY, USA). The PCR conditions
were as follows: 30 sec. at 95°C, followed by 40 cycles of
10 sec. at 95°C and 30 sec. at 60°C. Each sample was
tested in triplicate. Threshold values were determined for
each sample/primer pair, the average and standard errors
were calculated.

Dul-Luciferase Reporter Assay

The E-cadherin promoter plasmids were purchased from
GeneCopoeia, Inc. Hela and C33a cells were transfected
with the E-cadherin promoter plasmids (0.5 pg/well) in 24-
well plates by using Lipofectamine 3000 reagent, and then
transfected with Snail overexpression plasmid and the
control vector purchased from GeneCopoeia for 24 h,
followed by treating with shikonin for an additional 24

h. The preparation of cell extracts and measurement of
luciferase reporter activities were determined using the
Secrete-PairTM  Dual  Luminescence  Assay  Kit
(GeneCopoeia, Inc., Rockville, MD, USA). Luciferase
activity (actual luminescence units) was normalized with
SEAP activity within each sample.

Establishment of Xenografts

Animal studies were performed according to the protocols
approved by the Institutional Animal Care and Use
Committee of Guangdong Provincial Hospital of Chinese
Medicine (the Ethics Approval Number 2018067) and the
National Institutes of Health guide for the care and use of
Laboratory animals (NIH Publications No. 8023, revised
1978). The special pathogen-free grade BALB/c nude
mice (4-6 weeks) were ordered from Beijing Vital River
Laboratory Animal Technology Co., Ltd. (Beijing, China).
These selected mice were randomly divided into three
groups (control group, shikonin low dose group and shi-
konin high dose group), The administrated Hela-Luc cells,
which was carrying luciferase reporter gene (obtained
from the Guangzhou Land Biological Technology Co.,
Guangzhou, China), were gathered and injected subcuta-
neously in the oxter and forelimb of mice. Xenografts
were allowed to grow until the initial measurement was
made with calipers. After this, the mice were treated with
shikonin via intraperitoneal injection at the low dose
(1.25 mg/kg) and high dose (2.5 mg/kg), respectively.
The diameter of tumors was measured by calipers. Next,
for bioluminescence imaging (BLI) procedure, mice were
anesthetized by inhalation of 2% isoflurane. The substrate
D-luciferin (Caliper Life Sciences, Hopkinton, MA, USA)
was injected into the peritoneal cavity with a dose of
150 mg/kg in approximately 100 pL. The intensity of
BLI signal was determined using the IVIS-200 imaging
Alameda, CA, USA).
Quantification of bioluminescence was reported as

system  (Xenogen/Caliper,
photons/s. Tumor volume measurements were calculated
using the formula for an oblong sphere: volume = (width?
x length) x 0.5. After 30 days, these mice were sacrificed,
and the isolated tumor tissues were weighed, and prepared
for the detection of the expressions of Snail, Vimentin and
E-cadherin proteins, miR-183-5p by Western blot and
qRT-PCR analysis, respectively.

Statistical Analysis
All data were expressed as mean+ SD of three indepen-

dent experiments. Differences between groups were
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assessed by one-way ANOVA and significance of differ-
ence between particular groups was analyzed by Turkey’s
Multiple Comparison Test for multiple comparison
involved (GraphPad Prism 5.0 software, LalJolla, CA,
USA). Difference was considered significant if p< 0.05.

Results

Shikonin Inhibited Cell Growth and
Induced Cell Cycle in Hela and C33a
Cells

We first detected the effect of shikonin on cell growth in
Hela and C33a cells by MTT assay. We found that shiko-
nin inhibited the viability of both cells in a time- and
concentration-dependent manner (Figure 1A). To further
assess the effects of shikonin on cell proliferation, we
performed the flow cytometry experiment for cell cycle
analysis. Compared with the untreated control cells, shi-
konin significantly increased the proportion of cells at GO/
G1 phases, while the proportion of cells at S phases was
reduced in Hela and C33a cells suggesting that cell cycle
was arrested at GO/G1 phase by shikonin (Figure 1B).
Together, these results indicated that shikonin inhibited
cell growth and induced cell cycle arrest in cervical cancer
Hela and C33a cells.

Shikonin Reduced Cell Migration and

Invasion in Hela and C33a Cells

Next, the function of shikonin in migration and invasion of
Hela and C33a cells were determined via wound-healing
assays and transwell experiment, respectively. Hela and
C33a cells were treated with shikonin for 24 h then per-
formed the wound-healing and invasion experiments as
described in the Materials and Methods section. The results
showed that shikonin significantly restrained the cell migra-
tion and invasive abilities of Hela and C33a cells at the doses
of 4, 6 and 8 pM, respectively (Figure 2A and B). These
results indicated that shikonin inhibited migration and inva-
sion of Hela and C33a cells.

Shikonin Increased the Level of miR-183-
5p and Decreased the Snail Protein
Expression in Hela and C33a Cells

We then started to explore the potential functions and
mechanisms underlying the inhibitory effect of shikonin
in this process. MiRNA has been shown to play an impor-

tant role in cancer predictors and therapeutic targets.'”*

Expression of miR-183-5p has been shown to be asso-
ciated with the growth and progression of cancer through
multiple mechanisms.?’?* EMT is a major process to
regulate cell migration and invasion. Shikonin reversed
the EMT
E-cadherin and downregulating Snail expressions.'” In
this study, qRT-PCR analysis showed that miR-183-5p
expression was clearly increased by shikonin in both
Hela and C33a cells (Figure 3A). Western blot results
revealed that shikonin significantly decreased the expres-

in breast cancer cells via upregulating

sion of EMT factor Snail protein in a dose-dependent
manner (Figure 3B). To further explore the potential inter-
action between miR-183-5p and Snail, Hela and C33a
cells were transfected with the miR-183-5p mimics or
negative control for 48 h. Western blot analysis found
that the mimics of miR-183-5p significantly repressed the
expression of Snail protein (Figure 3C). Conversely, the
inhibitors of miR-183-5p significantly reversed the shiko-
nin-reduced Snail protein expression (Figure 3D). Of note,
overexpression of Snail had no significant effect on miR-
183-5p expression in Hela and C33a cells (Figure 3E). All
these observations indicated that miR-183-5p acted as
upstream factor and regulated Snail expression in this
process.

Shikonin Inhibited Vimentin, Increased
E-Cadherin Protein Expressions and
Promoter Activity; Silencing of E-Cadherin
Reversed Shikonin Inhibited Induced Cell
Growth in Hela and C33a Cells

To further delineate the anti-tumor mechanism underlying
shikonin-regulated miR-183-5p and Snail, we decipher the
role of EMT markers, such as Vimentin and E-cadherin.
Western blot results revealed that shikonin significantly
inhibited Vimentin and increased E-cadherin protein expres-
sions in a dose-dependent manner (Figure 4A). Moreover,
dual-luciferase reporter assay showed that shikonin increased
the activity of E-cadherin gene promoter. Interestingly, exo-
genously expression of Snail reversed shikonin-induced
E-cadherin promoter activity (Figure 4B) and E-cadherin
protein expression (Figure 4C). More importantly, silence
of E-cadherin dramatically overcame the effect of shikonin-
inhibited cell growth in Hela and C33a cells (Figure 4D).
These results unveiled an important role of E-cadherin and
indicated that shikonin-inhibited cell growth inhibition and
EMT process via inhibition of Vimentin and repressed Snail-
mediated induction of E-cadherin.
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Figure | Shikonin inhibited proliferation and induced cell cycle arrest in Hela and C33a cells. (A) Hela and C33a cells were treated with an increasing concentration of
shikonin for 24, 48 and 72 hrs. MTT assay was performed to detect the cell growth as described in the Materials and Methods section. (B) Hela and C33a cells were treated
with indicated doses of shikonin for 24 hrs. Afterwards, the cells were collected and processed for analysis of cell cycle distribution by flow cytometry. The percentages of

the cell population in each phase (GO/GI, S and G2/M) were assessed by Multicycle

AV DNA Analysis Software. Values are given as the mean + SD from 3 independent

experiments performed in triplicate. *Indicates a significant difference from the control group (P<0.05).

Shikonin Inhibited Tumor Growth and
Regulated the Expressions of miR-183-5p,

Snail, Vimentin and E-Cadherin in vivo

We used Hela-Luc cells to examine whether shikonin-inhibited
cervical cancer growth in vivo. We found that shikonin sig-
nificantly inhibited tumor growth (Figure 5A). In addition,
shikonin caused significant decrease in tumor weight and
sizes in the established Hela-Luc cells xenografted tumors

compared with that of the vehicle-treated control animals
(Figure 5B-D). Furthermore, the protein levels of Snail and
Vimentin were significantly inhibited by shikonin, while miR-
183-5p expression and E-cadherin protein were increased in
shikonin-treated tumor tissues (Figure 5E and F). Together, the
relevant discoveries revealed that shikonin suppressed tumor
growth in vivo via inhibiting EMT by regulation of miR-18
3-5p/Snail/Vimentin/E-cadherin regulatory axis in cervical
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Figure 2 Shikonin inhibited cell migration and invasion in Hela and C33a cells. (A) Wound-healing assays were performed to detect cell migration with/without shikonin as
described in the Materials and Methods section. Hela and C33a cells were scratched with a pipette tip, and then treated with indicated doses of shikonin for up to 24 h,
Images of the scratch were photographed under Axiovert 200 microscope (magnification, X100) and expressed as percentage of control (0 h). (B) Invasion ability was
determined by transwell assay as described in the Materials and Methods section. Hela and C33a were incubated with indicated doses of shikonin for 24 hrs, and then fixed
with 4% paraformaldehyde for |0 mins at room temperature, stained with 0.1% crystal violet, Images were photographed and counted under Axiovert 200 light microscope,
Scale bar = 100 um. *Indicates a significant difference from the control group (P<0.05).

cancer cells, which were in line with those observation in vitro
data.

Discussion

Cervical cancer cells, seriously affect the health of women.
The primary causes of mortality associated with cervical
cancer are unsuccessful surgical treatment, tumor recurrence
and metastasis.”® EMT is a biological process that involves
the polarization of epithelial cells, which normally interact

with the basement membrane via their basal surfaces. This
polarization induces multiple biochemical changes that
enable the cells to assume a mesenchymal cell phenotype.?
These changes impart several properties, such as migratory
capacity and invasiveness. Currently, the EMT program is
divided into three types: embryogenesis, fibrosis, and tumor-
igenesis. Type 1 and 2 EMT contribute to organ development
and tissue regeneration.’ Type 3 EMT is involved in carci-
nogenesis and has been reported to be significantly
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Figure 3 Shikonin induced the level of miR-183-5p and decreased the Snail protein expression in Hela and C33a cells. (A) Hela and C33a cells were treated with shikonin (6
uM) for 24 h, qRT-PCR analysis was used to measure the expression of miR-183-5p. (B) Cells were treated with increased doses of shikonin for 24 h, and then cells were
harvested and lysed. The expression of Snail protein was detected via Western blot analysis. (C) MiR-183-5p mimics or negative control were transfected into Hela and
C33a cells for up to 48 h, the expression of Snail protein was detected via Western blot analysis. (D) Hela and C33a cells were transfected with miR-183-5p inhibitors or
negative control for 48 h; the protein expression of Snail was evaluated via Western blot analysis. The figures are representative cropped gels/blots that have been run under
the same experimental conditions. (E) Hela and C33a cells were transfected with the control or Snail expression vectors for 24 h, followed by measuring the expression of

miR-183-5p via qRT-PCR. *Indicates a significant difference from the control (P<0.05). **Represents significant difference compared to shikonin-treated alone group
(P<0.05).

associated with local invasion and distant metastasis.’’  reported, the action of shikonin in EMT process in cervical

Shikonin, one major bioactive component extracted from
the roots of Lithospermum erythrorhizon, was found to be
capable of inhibiting cervical cancer via inducing cell apop-
tosis and inhibiting cell proliferation.'*'>*? Despite the inhi-
bitory effect of shikonin in cell proliferation have been

cancer cells still remained unknown. Based on the results
from the current study, we showed that shikonin inhibited
cell proliferation, migration and invasion in both Hela and
C33a cells. Western blot assay revealed the regulation effect
of shikonin on EMT-related molecules (up-regulation of
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Figure 4 Shikonin inhibited Vimentin, increased E-cadherin protein expressions and promoter activity, silencing of E-cadherin reversed shikonin-inhibited cell growth in Hela
and C33a cells. (A) Hela and C33a cells were treated with increasing doses of shikonin for 24 h. The expressions of Vimentin and E-cadherin proteins were measured via
Western blot analysis. (B) Cells were transfected with E-cadherin promoter for 24 h, and then transfected with Snail overexpression vector or the control vector, and
treated with shikonin (6 uM) for up to 48 h. Afterwards, the E-cadherin promoter activity was detected via Secrete-Pair Dual Luminescence Assay Kit as described in the
Materials and Methods section. (C) Hela and C33a cells were transfected with Snail overexpression vector or negative control vector for 24 h, and then treated with
shikonin (6 uM) for an additional 24 h. Western blot analysis was performed to measure the protein levels of E-cadherin protein expression. The figures are representative
cropped gels/blots that have been run under the same experimental conditions. (D) E-cadherin siRNA or control siRNA were transfected into Hela and C33a cells for 24 h,
and then treated with shikonin for an additional 24 h, MTT assay was used to measure cell viability of Hela and C33a cells. *Indicates a significant difference from the control
(P<0.05). **Represents significant difference compared to shikonin-treated alone group (P<0.05).

E-cadherin, down-regulation of vimentin and Snail). Cell-  tumor EMT.>*** Our results indicated that shikonin pre-
cell adhesion was known to be mediated by E-cadherin  vented proliferation, migration and invasion of cervical can-
repression, which was lost during primary tumor formation,  cer cells through regulating EMT-associated pathway.

resulting in tumor cells breakthrough the basement mem- We demonstrated an important role of miR-183-5p in
brane with increased invasive properties. Snail directly tar-  mediating the effect of shikonin in this process. Recent studies
geted and suppressed E-cadherin transcription to promote  have shown that miR-183-3p regulated cell phenotypes and
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Figure 5 Shikonin inhibited tumor growth and regulated the expressions of miR-183-5p, Snail, Vimentin and E-cadherin expressions in vivo. (A) Two different
concentrations of shikonin (low dose 1.25 mg/kg and high dose 2.5 mg/kg) were used to treat BALB/c nude mice. Tumor growth was monitored by injecting luciferin
substrate, followed by measuring bioluminescence signals. Representative images are shown. (B, C) The xenografts were harvested on day 30, the tumor weight (B) and
tumor volume (C) were measured. (D) The photographs of mice and xenografts that treated with low and high doses of shikonin, and the vehicle-treated were shown. (E)
The tumor tissues in all mice were isolated and processed for detecting Snail, Vimentin and E-cadherin protein expressions via Western blot. (F) MiR-183-5p expression was
measured via qRT-PCR analysis in tumor tissues in all mice. *Indicates a significant difference from the control (P<0.05). (G) Our results show that shikonin inhibits cell
viability, migration and invasion, and induces cell cycle arrest through regulations of miR-138-5p and Snail, this results in induction of E-cadherin expression thereby resulting
in inhibition of EMT process in cervical cancer cells.

tumor growth in various cancers.”>® MiR-183, acted as
a tumor suppressor, suppressed metastasis-associated proteinl
(MTAL1) thereby inhibiting the proliferation, EMT, migration
and invasion of human lung cancer cells.’” In the current
study, we observed a role of miR-183-5p induction in mediat-

ing the inhibitory effect of shikonin in cervical cancer cell

growth. In line with this, overexpression of miR-183-5p
showed to reduce proliferation, induce cell cycle arrests and
apoptosis by suppressing SIRT1 expression in cervical cancer
cells.?® MiR-183-5p expression level has been found low in
clinical tissues of cervical cancer and cells as compared to the

normal specimens and normal cervical epithelial cells,
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suggesting that miR-183-5p significantly inhibited migration
and invasion in cervical cancer cells.”® It was also shown that
increased expression of miR-183-5p promoted apoptosis and
suppressed the EMT, proliferation, invasion and migration of
human endometrial cancer cells by downregulating Ezrin,
a membrane-cytoskeleton linker protein.’” We also showed
that induction of miR-183-5p has been involved in the shiko-
nin-inhibited EMT process via inhibition of Snail and induc-
tion of E-cadherin expressions. As a zinc finger transcriptional
repressor and a key regulator of EMT, the expression and
regulation of Snail have been reported to be involved in
EMT process in cancer cells. Snail is a master regulator of
cellular identity and a strong repressor of specific target genes,
such as the E-cadherin, in carcinogenesis leading to control-
ling EMT process during tumor progression.** Our results
suggested that miR-183-5p, acted as upstream factor, inter-
acted and regulated Snail signaling, thereby increasing
E-cadherin expression both at transcriptional and translational
levels; this led to inhibition of proliferation, migration, inva-
sion, and EMT process in cervical cancer cells. Consistent
with these findings, similar results were also observed in other
cancer cell types.*'*> Of note, whether there was a direct
physical interaction between miR-183-5p and Snail still
needs to be determined with more experimental approaches,
such as RNA immunoprecipitation (RIP) and/or RNA pull-
down, or 3’-untranslated region (3' UTR) luciferase reporter
assays, in the future. Together, these results indicated the
critical tumor suppressor role of miR-183-5p in repression of
EMT process. However, opposite findings were also observed
in other studies.**** Thus, the true role of miR-183 still
required to be determined.

A critical molecular characteristic in the EMT is the loss
of E-cadherin expression, as well as the EMT factors, such as
Snail. Our results indicated transcriptional and translational
regulation of E-cadherin by Snail. In consistent with this,
metformin, an AMP-activated protein kinase (AMPK) acti-
vator, diminished the extracellular signal-regulated kinase
(ERK) signaling by activation of AMPK pathway, this led
to suppression of Snail resulting in upregulation of a tumor
suppressor and critical EMT marker E-cadherin by binding
to the E-cadherin promoter. Metformin, an effective agent
widely used as a first-line treatment for type 2 diabetes,
promoted EMT through an inverse interaction of AMPK
and ERK signaling regulatory axis via regulation of
E-cadherin expression, which provide a potential for redu-
cing cancer occurrence in metformin-treated population.*’
Functional E-cadherin loss is important for metastasis.
H3K9 methylation was upregulated and H3K4 and H3K56

acetylation were downregulated at the E-cadherin promoter
in Snail2-overexpressing cancer cells. Furthermore, Snail2
interacted with G9a and histone deacetylases (HDACsS) to
form a complex to suppress E-cadherin transcription suggest-
ing epigenetic regulation of E-cadherin by Snail. Snail is
a repressor of E-cadherin during carcinogenesis; demon-
strated the importance of G9a- and HDACs-mediated regula-
tion during Snail-induced E-cadherin repression and
metastasis in lung cancer cells.*® Another study found that
homeobox C8 (HOXC8) promoted EMT in lung cancer cells
by binding to the E-cadherin promoter and acting as
a transcriptional repressor to regulate E-cadherin transcrip-
tion in lung cancer cells.*’

More importantly, to further confirm the anti-tumor
impacts of shikonin on cervical cancer; we established
one xenografted tumor mouse model. The results showed
that shikonin remarkably suppressed tumor formation
in vivo. Furthermore, Vimentin and Snail protein levels
in tumor tissues were significantly declined, while
E-cadherin protein and miR-183-5p expression levels
were increased by shikonin. These data further clarified
the anti-tumor activity of shikonin in cervical cancer. The
doses used in this were based on other studies,'®*%>°
which
noticeable toxicity. Our findings suggested that shikonin

showed substantial inhibitory effects without
suppressed growth of human cervical cancer via regulating
miR-183-5p/Snail/Vimentin/E-cadherin signaling regula-
tory axis. Whether shikonin had potential in prolonging
the survival and inhibiting metastasis in cervical cancer
xenografted tumors required to be elucidated.

In conclusion, these findings indicated that shikonin-
inhibited cervical cancer cells proliferation, migration and
invasion. Moreover, shikonin inactivated EMT by regulating
miR-183-5p and Snail, thereby induction of E-cadherin
expression at transcriptional and translational levels
(Figure 5G). Thus, blockade of EMT by shikonin could be
a novel mechanism underlying the anti-cervical cancer effect
of shikonin. These findings may unveil new insight for pre-
vention of cervical cancer growth, EMT and perhaps metasta-

sis by shikonin.
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