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Abstract
Background. Increasing radiosensitivity of cancer cells can enhance the efficacy of cervical cancer treatment.

Objectives. This study evaluated the potential roles and mechanism of baicalein in regulating the radio-
sensitivity of cervical cancer cells in vitro.

Materials and methods. Real-time quantitative polymerase chain reaction (RT-qPCR) was used to as-
sess miR-183 expression in End1/E6E7 cells, Hela cells and Hela cells irradiated with X-ray (0 Gy, 1 Gy, 3 Gy, 
5 Gy, and 10 Gy). Cell Counting Kit-8 (CCK-8) method measured cell viability of Hela cells after miR-183 
regulation, baicalein or RO8191 treatment. Apoptosis rates were detected using flow cytometry. Thereafter, 
expression of Bcl-2, Bax and caspase-3 RNA was also detected through RT-qPCR. Protein concentrations 
of E-cadherin, N-cadherin, Vimentin in epithelial–mesenchymal transition (EMT), phospho-JAK2/STAT3, and 
total Janus kinase 2/signal transducer and activator of transcription 3 STAT3 (JAK2/STAT3) were examined 
using enzyme-linked immunosorbent assay (ELISA) methods. RO8191, a JAK2/STAT3 activator, was used 
to activate the JAK2/STAT3 signaling pathway.

Results. The miR-183 expression was significantly lower in Hela cells compared to End1/E6E7 cells. Following 
upregulation of miR-183 in Hela cells, cell viability was inhibited while apoptosis was promoted. Moreover, 
EMT was inhibited after miR-183 over-expression. X-ray treatment markedly reduced the cell survival rate 
and increased miR-183 RNA expression. Baicalein treatment severely reduced the cell viability of 10-Gy X-ray-
irradiated Hela cells, partially reversing the effect of miR-183, and also increased apoptosis and prevented EMT 
in irradiated cells. Y1007/8 in JAK2 and tyrosine (Tyr) residue 705 of STAT3 were phosphorylated, resulting 
in high expression of JAK2/STAT3, which was decreased by irradiation and baicalein treatment. RO8191 
activated JAK2/STAT3 signaling, promoted cell viability and EMT, and inhibited cell apoptosis, while baicalein 
partly reversed the functions of RO8191.

Conclusions. Baicalein inhibited cell viability and EMT, and induced cell apoptosis of Hela cells, through 
upregulating miR-183 via inactivation of the JAK2/STAT3 signaling pathway.
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Background

Cervical cancer is the 2nd most common female malig-
nant cancer worldwide. It has the 2nd highest fatality rate 
in gynecologic oncology in developing countries,1 where 
it represents one of the most challenging public health 
problems.2 Recently, studies in cervical cancer have in-
dicated a close correlation with human papillomavirus 
(HPV) infection, although there are still subgroups of cer-
vical cancer patients reporting no HPV infections, suggest-
ing that genetic factors also participate in cervical can-
cer progression.3 To date, the main therapeutic methods 
of cervical cancer are surgery, radiotherapy and chemo-
therapy. For patients with advanced-stage cervical cancer, 
radiotherapy remains the standard treatment method.4 
Radiotherapy can affect the stability of DNA structure and 
repair through ionizing radiation (IR).5,6 If DNA damage 
caused by IR cannot be repaired by the DNA repair system, 
genomic instability, apoptosis and even death can arise 
in tumor cells.7,8 Based on previous studies, high doses 
of  irradiation to  the  pelvic lymph nodes can increase 
the risk of toxicity in genitourinary (GU) and gastroin-
testinal (GI) cells, suggesting a need to increase the radio-
sensitivity of cervical cancer cells.9,10 New biomarkers and 
targets related to radiosensitivity regulation are therefore 
required to obtain further information relating to cervical 
cancer cells.

MicroRNAs (miRNAs) are small endogenous noncod-
ing RNAs about 22 nucleotides in length, which interact 
with mRNAs to negatively modulate expression, resulting 
in inhibition of mRNA transcription and degradation.11 
In recent research, miRNAs appear to play essential roles 
in tumor formation and progression,12 with miRNA levels 
correlating with patient survival and cancer treatment. Ab-
normal expression of miRNAs contributes to the biological 
progression of cancers.13 The miR-183 is a newly detected 
miRNA in cervical cancer, which has already been linked 
to many other cancers.

The miR-183 is a member of a miRNA family including 
miR-183, miR-182 and miR-96, which is a 2-4 kb cluster 
at locus 7q32. The miRNAs in this cluster are abnormally 
expressed in hepatocellular tumors,14 colorectal cancer15 
and breast cancer,16 amongst other conditions. In osteo-
sarcoma, ectopic expression of miR-183 can inhibit the mi-
gration and invasion abilities of F5M2 cells by suppress-
ing the expression of ezrin.17 In cervical cancer, miR-183 
is sequestered by CRNDE, acting as a sponge, resulting 
in upregulated expression of CCNB1, leading to increased 
cell proliferation, migration and invasion, and reduced cell 
apoptosis.18 It acts as a cervical tumor suppressor, inhib-
iting cervical cancer cell metastasis and invasion by tar-
geting matrix metalloproteinase-9 (MMP-9).19 However, 
whether miR-183 could mediate radiosensitivity in cervical 
cancer cells is unknown. Hence, in our study, we chose 
an in vitro cervical cancer cell model to determine the role 
of miR-183 in regulating radiosensitivity.

Baicalein is an active compound of the root of Scutellaria 
baicalensis, a traditional Chinese herbal medicine, which 
has activity considered to be anti-tumor, anti-viral and 
anti-bacterial.20 According to a previous study, baicalein 
can induce cell apoptosis by upregulating death recep-
tor 5 (DR5) in colon cancer.21 Moreover, baicalein inhibits 
cell proliferation in MCF-7 cells and reduces HIF stabil-
ity, which could also cause radiosensitization in MCF-7 
cells, resulting in a high level of cell apoptosis.22 In 1 prior 
study of cervical cancer, baicalein induced cell apopto-
sis and repressed cell proliferation in an in vitro model 
by downregulating the Notch1/Hes1 signaling pathway.23 
Baicalein has also been reported to suppress proliferation 
and promote apoptosis of osteosarcoma cells through up-
regulation of miR-183.24 However, we were not aware of any 
studies demonstrating baicalein mediating radiosensitivity 
in cervical cancer.

Objectives

This study evaluated the potential roles and mechanism 
of baicalein in regulating the radiosensitivity of cervical 
cancer cells in vitro. We decided to analyze the effects 
of baicalein on regulating the radiosensitivity of cervical 
cancer cells and any correlation with miR-183.

Materials and methods

Cell culture

End1/E6E7 is an epithelial HPV-16 E6/E7 transformed 
cell line extracted from a 43-year-old Caucasian female 
endometriosis patient, while the Hela cell line was the first 
epithelial cell line, extracted from a 31-year-old Black cer-
vical cancer patient. Both are adherent. We used Dulbec-
co’s modified Eagle’s medium (DMEM; Gibco, Waltham, 
USA) supplemented with 10% fetal bovine serum (FBS), 
100 U/mL of penicillin and 100 mg/mL of streptomycin, 
incubating the cells at 37°C and 5% CO2. After incubation, 
Hela cells were treated with baicalein (Sigma-Aldrich, 
St. Louis, USA; 0 μM, 10 μM and 100 μM). Irradiated Hela 
cells treated with baicalein (100 μM) were incubated with 
RO8191 (10 μM; MedChemExpress (MCE), Monmouth 
Junction, USA), a Janus kinase 2/signal transducer and 
activator of transcription 3 STAT3 (JAK2/STAT3) inhibi-
tor, for 24 h. According to studies by Eriksson et al., 10 Gy 
X-ray provides a significant effect compared to doses lower 
than 10 Gy, and this dose has been reported to cause re-
tarded growth of tumors.25 Normal Hela cells were ir-
radiated with X-ray (0 Gy, 1 Gy, 5 Gy, and 10 Gy) for 3 h. 
Hela cells treated by baicalein and RO8191 were irradiated 
with 10 Gy X-ray. After the cells received treatment and 
irradiation, they were used in preparations for the follow-
ing experiments.
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Cell transfection

To confirm the activity of miR-183 in the Hela cell line, 
an inhibitor and mimics of miR-183 were compounded 
by  GenePharma (Shanghai, China). The  sequence 
of the miR-183 inhibitor was UAUGGCACUGGUAGAAU-
UCACU. Before transfection, cells were first assigned 
to  the negative control (NC) inhibitor group, miR-183 
inhibitor group, NC mimics group, or miR-138 mimics 
group. Hela cells were seeded on a six-well plate at a den-
sity of 1 × 105 cells per well. For inhibition, transfection 
was conducted after the confluence reached 50%, while 
the confluence was 85% in overexpression. Thereafter, 
we followed the manufacturer’s instructions. The NC in-
hibitor, miR-183 inhibitor, NC mimics, and miR-183 mim-
ics were transfected into Hela cells using Lipofectamine 
3000 (Invitrogen, Carlsbad, USA). Cells were then incu-
bated for 24 h. The miR-183 transfection efficiency was 
assessed using real-time quantitative polymerase chain 
reaction (RT-qPCR). After transfection, cells were col-
lected and used for further assays.

RT-qPCR

RNA expression of miR-183 and factors related to apop-
tosis in the Hela and End1/E6E7 cell lines were measured 
using RT-qPCR. In accordance with the manufacturer’s 
instructions for Trizol reagent (Invitrogen), total RNA was 
extracted from cells and reverse transcription of 10 μg 
of total RNA was processed using a BeyoRT™II First Strand 
cDNA Synthesis Kit (Beyotime, Shanghai, China). The PCR 
was performed using the QuantStudio™ 7 Pro Real-Time 
PCR System (Applied Biosystems, Foster City, USA), using 
the following cycle conditions: pre-denaturation at 95°C for 
5 min, followed by 40 cycles of denaturation at 95°C for 30s, 
annealing at 60°C for 30 s, and extension at 72°C for 30 s. 
RNA expression levels were calculated using 2−ΔΔCt meth-
ods and GAPDH and U6 were employed to be the internal 
controls. The experiment was run in triplicate. The se-
quences of primers used are listed in Table 1.

CCK-8

To analyze the effect of baicalein on the cell survival 
rate of Hela cells after irradiation, a Cell Counting Kit-8 
(CCK-8) assay was performed to measure cell viability 
and toxicity. Hela cells were seeded onto a 96-well plate 
at a density of 5 × 103 cells per well. The Hela cells were 
then incubated with baicalein (0 μM, 10 μM and 100 μM) 
for 24 h, 48 h and 72 h. Normal cells were irradiated with 
X- rays (0 Gy, 1 Gy, 5 Gy, and 10 Gy) for 3 h. Baicalein-
treated Hela cells were irradiated with 10 Gy X-ray. After 
irradiation or treatment, cells were cultured with 10 μL 
of CCK-8 (Beyotime) for 1 h. For cell toxicity detection, 
the cell survival rate was checked after irradiation using 
a Multiskan™ FC Microplate Reader (Thermo Fisher Sci-
entific, Waltham, USA) at 450 nm wavelength, and cell 
viability was measured using the same reader at the same 
wavelength. This experiment was repeated 3 times.

Flow cytometry

To measure the apoptosis rate of irradiated Hela cells 
after baicalein treatment, f low cytometry was per-
formed using an Annexin V-FITC Apoptosis Detection 
Kit (Beyotime). Irradiated cells having received baicalein 
and RO8191 treatment were resuspended in phosphate-
buffered saline (PBS). Following the manufacturers’ in-
structions, 1 × 105 cells were collected and resuspended 
in 195 μL of Annexin V-FITC binding buffer. Next, 5 μL 
of Annevin V-FITC (50 μg/mL) and 10 μL of propidium 
iodide (PI; 20 μg/mL) were applied to cells and the solutions 
incubated for 15 min at room temperature without light. 
Following incubation, the apoptosis rate was determined 
using an Attune Flow Cytometer (Invitrogen). Results were 
collected from 3 independent experiments.

ELISA

To measure protein expression during epithelial–mes-
enchymal-transition (EMT) and the JAK2/STAT3 signal-
ing pathway, the Human E-Cadherin ELISA Kit (ab233611; 
Abcam, Cambridge, UK), Human N-Cadherin ELISA Kit 
(ab254512; Abcam), Human Vimentin ELISA Kit (ab246526; 
Abcam), JAK2 (Phospho) [pY1007/pY1008] Human ELISA 
Kit, JAK2 (Total) Human ELISA Kit (Life Technologies, 
Carlsbad, USA), and STAT3 (Total/Phospho) Human Instant
One™ ELISA Kit (Invitrogen) were applied to measure pro-
tein densities. Enzyme-linked immunosorbent assay (ELISA) 
protocols strictly followed the manufacturers’ instructions 
for each ELISA kit. The experiment was run in triplicate.

Statistical analysis

All data were presented as mean ± standard deviation 
(SD) and analyzed using IBM SPSS v. 19.0 (IBM Corp., Ar-
monk, USA) and GraphPad Prism v. 7 (GraphPad Software, 

Table 1. Sequences of primers used in RT-qPCR

RNA Sequences of primers Reference

miR-183
Forward, 5’- CGCGGTATGGCACTGGTAGA-3’;
Reverse, 5’- AGTGCAGGGTCCGAGGTATTC-3’

[26]

Bcl-2
Forward, 5’- TCCATGTCTTTGGACAACCA-3’;
Reverse, 5’- CTCCACCAGTGTTCCCATCT-3’

[27]

Bax
Forward, 5’- ATGGACGGGTCCGGGGAG-3’;
Reverse, 5’- ATCCAGCCCAACAGCCGC-3’

[28]

Caspase-3
Forward, 5’- ATGGTTTGAGCCTGAGCAGA-3’;
Reverse, 5’- GGCAGCATCATCCACACATAC-3’

[29]

GAPDH
Forward, 5’- CAAGATCATCAGCAATGCCTCC-3’;

Reverse, 5’- GCCATCACGCCACAGTTTCC-3’
[30]

U6
Forward, 5’- CTCGCTTCGGCAGCACATATAC-3’;

Reverse, 5’- GGAACGCTTCACGAATTTGC-3’
[30]
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San Diego, USA). Student’s t-test (2 groups) and one-way 
analysis of variance (ANOVA) (3 or more groups, S-N-K 
method) were used to compare groups. The Bonferroni 
correction was used to correct significance values for mul-
tiple comparisons and p < 0.05 was considered to have 
statistical significance.

Results

miR-183 upregulation could inhibit 
cell viability and promote apoptosis

To confirm the RNA expression of miR-183 in cervical 
cancer cells, RT-qPCR was applied, indicating that expres-
sion of miR-183 RNA was significantly lower in Hela cells 
than in End/E6E7 cells (Fig. 1A). Thereafter, we used miR-
183 overexpression to measure its functions. Following 
upregulation of miR-183, miR-183 RNA expression was 
significantly increased in Hela cells compared to the NC 
mimic group (Fig. 1B). The cell viability of Hela cells af-
ter miR-183 overexpression was analyzed, indicating that 
viability of Hela cells in the miR-183 mimic group was 
much lower than in the NC mimic group (Fig. 1C). The cell 

apoptosis rate, as detected using flow cytometry, revealed 
that miR-183 mimics remarkably increased the apoptosis 
rate of Hela cells compared with the result in the NC mim-
ics group (Fig. 1D).

Factors related to apoptosis were also analyzed, indicat-
ing that Bcl-2 RNA expression was significantly reduced 
after miR-183 upregulation, while Bax and caspase-3 RNA 
levels both greatly increased with miR-183 overexpres-
sion (Fig. 1E). We also measured the EMT of Hela cells, 
revealing that E-cadherin protein density was much higher 
in Hela cells transfected by miR-183 mimics, while N-cad-
herin and Vimentin levels had notably decreased (Fig. 1F).

Baicalein enhanced cell viability and EMT 
and repressed cell apoptosis of Hela cells 
after irradiation

The effects of irradiation on Hela cells were examined, 
indicating that the cell survival rate of Hela cells decreased 
in a dose-dependent manner (Fig. 2A). The viability of Hela 
cells irradiated with 10 Gy X-ray was measured after ba-
icalein treatment, showing that cell viability gradually de-
creased as baicalein concentration increased (Fig. 2B). Flow 
cytometry was used to analyze cell apoptosis, indicating 

Fig. 1. Upregulation of miR-183 in Hela cells promoted cell apoptosis and inhibited cell viability and EMT

A. RNA expression of miR-183 in END1/E6E7 cells and Hela cells, as detected using RT-qPCR (p < 0.05); ** denotes a significant distinction from End1/E6E7 
cells; B. miR-183 RNA expression was examined with RT-qPCR in Hela cells following overexpressed transfection (p < 0.05); ** denotes a significant difference 
in comparison with the NC mimics group; C. Hela cell viability after miR-183 overexpression was evaluated using CCK-8 (p < 0.05); ** denotes significance 
in comparison with the NC mimics group; D. Flow cytometry was applied to measure Hela cell apoptosis after miR-183 overexpression (p < 0.05); ** denotes 
significant difference from the NC mimics group; E. Bcl-2, Bax and caspase-3 RNA expression in Hela cells with miR-183 upregulation, assessed using RT-qPCR 
(p < 0.05); ** denotes significant difference from NC mimics group; F. E-cadherin, N-cadherin and vimentin protein densities, as measured using ELISA in Hela 
cells following miR-183 overexpression (p < 0.05); ** denotes a significant difference from the NC mimics group.
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that the apoptosis rate of irradiated Hela cells significantly 
increased as  the  concentration of  baicalein increased 
(Fig. 2C).

The RT-qPCR was applied to measure the RNA expres-
sion of factors after baicalein treatment, showing that Bcl-2 
RNA expression notably decreased, and caspase-3 and Bax 
RNA expression greatly increased, in a dose-dependent 
manner (Fig. 2D). Meanwhile, E-cadherin protein density 
was markedly increased, while N-cadherin and Vimentin 
protein concentrations were largely reduced, again dose-
dependently (Fig. 2E).

Baicalein promoted apoptosis 
and inhibited cell viability and EMT 
of irradiated Hela cells by upregulating 
miR-183

Having confirmed the effects of miR-183 and baicalein 
treatment, we detected changes of miR-183 RNA expres-
sion after irradiation. The results of RT-qPCR showed 
that the  level of  miR-183 RNA was steeply increased 

as the density of X-ray increased (Fig. 3A). Furthermore, we 
examined miR-183 with baicalein treatment in Hela cells 
irradiated with 10 Gy X-ray, which revealed the miR-183 
inhibitor largely decreased its RNA expression compared 
with the NC inhibitor. Baicalein treatment significantly 
increased miR-183 RNA level after inhibition (Fig. 3B).

We examined the cell viability of irradiated Hela cells 
after knockdown of miR-183. In knockdown Hela cells, 
the  miR-183 inhibitor greatly increased cell viability 
in comparison with the NC inhibitor group, while baicalein 
treatment partly reversed the promotion of cell viability 
caused by miR-183 inhibition (Fig. 3C). In contrast, knock-
down of miR-183 significantly decreased cell apoptosis 
compared to levels in the NC inhibitor group. In the NC 
inhibitor group, apoptosis activity could be restored by ba-
icalein (Fig. 3D). To further explore cell apoptosis, related 
factors were also examined. The miR-183 inhibitor clearly 
increased Bcl-2 RNA expression when compared to the NC 
inhibitor, while baicalein treatment decreased the Bcl-2 
RNA level. The Bcl-2 RNA level was increased by miR-183 
inhibition, while caspase-3 and Bax RNA expression levels 

Fig. 2. Baicalein promoted cell apoptosis and inhibited cell viability and proliferation of Hela cells after irradiation

A. Cell survival rates of Hela cells treated with X-rays (0 Gy, 1 Gy, 5 Gy, and 10 Gy), evaluated using CCK-8; B. CCK-8 validation of cell viability of 10 Gy-irradiated 
Hela cells following baicalein treatment (0 μM, 10 μM and 100 μM; p < 0.01); ** denotes a prominent difference from the 0 μM group; ## denotes a prominent 
difference between the 10 μM and 100 μM group; C. Apoptosis rates of irradiated Hela cells analyzed using flow cytometry following treatment with 
baicalein (0 μM, 10 μM and 100 μM; p < 0.01); ** denotes a prominent difference from the 0 μM group; ## denotes a prominent difference between 10 μM 
and 100 μM group; D. Bcl-2, Bax and caspase-3 RNA expression was measured using RT-qPCR in Hela cells after baicalein treatment (0 μM, 10 μM and 100 μM; 
p < 0.01); ** denotes a prominent difference from the 0 μM group; ## denotes a prominent difference between the 10 μM and 100 μM group; E. E-cadherin, 
N-cadherin and vimentin protein concentrations of irradiated Hela cells were examined using ELISA after baicalein treatment (0 μM, 10 μM and 100 μM; 
p < 0.01); ** denotes a prominent difference from the 0 μM group; ## denotes a prominent difference between the 10 μM and 100 μM group.
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were remarkably decreased following miR-183 downregu-
lation. This effect was reversed after baicalein treatment 
(Fig. 3E).

An analysis of the EMT indicated that the miR-183 in-
hibitor significantly decreased E-cadherin, and increased 
N-cadherin and Vimentin protein densities compared 
to the NC inhibitor group. Baicalein treatment attenu-
ated the activity of miR-183 by promoting E-cadherin and 
inhibiting N-cadherin and Vimentin production (Fig. 3F).

Baicalein mediated apoptosis, EMT and 
cell viability of irradiated Hela cells via 
the JAK2/STAT3 signaling pathway

The correlation between miR-183 and baicalein could 
be linked to the related signaling pathway. Phosphoryla-
tion of JAK2/STAT3 and total JAK2/STAT3 were both 

significantly higher in Hela cells than in End/E6E7 cells 
(Fig. 4A). Following irradiation phosphorylated JAK2/
STAT3 and total JAK2/STAT3 protein concentrations 
both sharply decreased with increasing doses of radia-
tion (Fig. 4B).

We used RO8191, a JAK2/STAT3 signaling pathway ac-
tivator, to examine the role of the JAK2/STAT3 pathway 
and to correlate this with baicalein application. The ELISA 
results showed that RO8191 treatment greatly increased 
phosphorylation of JAK2/STAT3 and total JAK2/STAT3 
protein density in irradiated Hela cells, compared to un-
treated Hela cells after irradiation. Baicalein significantly 
reduced protein concentrations of JAK2/STAT3 (Fig. 4C). 
Moreover, the cell viability of  irradiated Hela cells was 
measured, indicating that RO8191 usage extensively pro-
moted cell viability of  irradiated Hela cells when com-
pared to the negative control. Conversely, baicalein usage 

Fig. 3. Baicalein promoted apoptosis and inhibited cell viability and EMT of irradiated Hela cells by upregulating miR-183

A. miR-183 RNA expression in Hela cells after X-ray treatment (0 Gy, 1 Gy, 5 Gy, and 10 Gy) were detected using RT-qPCR (p < 0.001); ** denotes a significant 
difference from the 0 Gy group; ## denotes prominent difference between the 5 Gy group and 1 Gy group; @@ denotes significant difference between 
the 10 Gy group and 5 Gy group; B. RT-qPCR was used to measure miR-183 RNA expression in irradiated Hela cells after miR-183 inhibition and baicalein 
treatment (p < 0.05); ** denotes notable difference from NC inhibitor group; ^^ denotes significant difference between the miR-183 inhibitor group and 
the combined miR-183 inhibitor and baicalein (100 μM) group; C. Cell viability of irradiated Hela cells after miR-183 suppression and baicalein treatment 
(p < 0.05); ** denotes notable difference from the NC inhibitor group; ^^ denotes significant difference between the miR-183 inhibitor group and combined 
miR-183 inhibitor and baicalein (100 μM) group; D. Apoptosis rates of irradiated Hela cells were evaluated using flow cytometry after downregulation 
of miR-183 and baicalein treatment (p < 0.05); ** denotes a notable difference from the NC inhibitor group; ^^ denotes significant difference between 
the miR-183 inhibitor group and combined miR-183 inhibitor and baicalein (100 μM) group; E. RT-qPCR was used to detect RNA expression of Bcl-2, Bax and 
caspase-3 in Hela cells after irradiation, miR-183 inhibition and baicalein treatment (p < 0.05); ** denotes a notable difference from the NC inhibitor group; 
^^ denotes a significant difference between the miR-183 inhibitor group and combined miR-183 inhibitor and baicalein (100 μM) group; F. ELISA was applied 
to measure E-cadherin, N-cadherin, and vimentin protein densities in Hela cells after irradiation, mIR-183 inhibition and baicalein treatment (p < 0.05); 
** denotes a notable difference from the NC inhibitor group; ^^ denotes a significant difference between the miR-183 inhibitor group and combined 
miR-183 inhibitor and baicalein (100 μM) group.
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reversed the promotion caused by RO8191, keeping JAK2/
STAT3 protein density and cell viability at  lower levels 
(Fig. 4D), while increasing the cell apoptosis rate (Fig. 4E). 
Factors related to apoptosis were analyzed as well, showing 
that Bcl-2 RNA expression was significantly upregulated, 
while caspase-3 with Bax was significantly decreased af-
ter RO8191 treatment compared to the NC. Conversely, 
baicalein treatment reduced Bcl-2 RNA expression and 
increased caspase-3 and Bax RNA expressions (Fig. 4F). 

Furthermore, the EMT was examined to measure mi-
gration and invasion abilities. These results showed that 
E-cadherin protein density was notably decreased, while 
N-cadherin with Vimentin protein concentrations were 
remarkably promoted by RO8191 usage in comparison 
with the  NC. Baicalein treatment reversed the  effect 
of  RO8191 by  increasing E-cadherin protein and de-
creasing the N-cadherin and Vimentin protein densities 
(Fig. 4G).

Fig. 4. Baicalein mediated irradiated Hela cell viability, cell apoptosis and EMT via the JAK2/STAT3 signaling pathway

A. Phosphorylated JAK2/STAT3 and total JAK2/STAT3 protein concentrations in End1/E6E7 cells and Hela cells (p < 0.05); ** denotes notable difference 
of protein densities from the End1/E6E7 group; B. Phosphorylation of JAK2/STAT3 and total JAK2/STAT3 protein densities in Hela cells after treatment with 
X-rays (0 Gy, 1 Gy, 5 Gy, and 10 Gy) were detected using ELISA (p < 0.001); ** denotes a significant difference from the 0 Gy group; ## signifies a notable 
difference between the 5 Gy group and the 1 Gy group; @@ denotes a significant difference between the 10 Gy group and the 5 Gy group; C. Protein 
densities of phosphorylated and total JAK2/STAT3, as detected using ELISA following RO8191 (a JAK2/STAT3 activator) usage and baicalein (100 μM) 
treatment (p < 0.05); ** denotes a notable difference from the NC group; ^^ denotes a significant difference between the RO8191 group and combined 
RO8191 and baicalein (100 μM) group; D. Cell viability of Hela cells after RO8191 and baicalein treatment (p < 0.05); ** denotes a notable difference from 
the NC group; ^^ denotes a significant difference between the RO8191 group and combined RO8191 and baicalein (100 μM) group; E. Apoptosis rates 
examined with flow cytometry in irradiated Hela cells following RO8191 usage and baicalein treatment (p < 0.05); ** denotes a notable difference from 
the NC group; ^^ denotes a significant difference between the RO8191 group and combined RO8191 and baicalein (100 μM) group; F. Bcl-2, Bax and 
caspase-3 RNA expression were analyzed using RT-qPCR in irradiated Hela cells after treatment with RO8191 and baicalein (p < 0.05); ** denotes a notable 
difference from the NC group; ^^ denotes a significant difference between the RO8191 group and combined RO8191 and baicalein (100 μM) group; 
G. E-cadherin, N-cadherin, and vimentin protein densities in irradiated Hela cells after RO8191 treatment and baicalein usage were evaluated using ELISA 
(p < 0.05); ** denotes a notable difference from the NC group; ^^ denotes a significant difference between the RO8191 group and combined RO8191 and 
baicalein (100 μM) group.
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Discussion

In cervical cancer treatment, chemoradiotherapy is con-
sidered an alternative solution for patients who are not 
good candidates for surgery, and have pelvic or para-aortic 
lymph node metastases.31 Unfortunately, radio-resistance 
of cervical cancer cells is the primary reason for failures 
in treatment, suggesting that increasing the radiosensitiv-
ity of cervical cancer cells could be an important method 
to improve the prognoses of patients.32 In this study, we ex-
amined baicalein, a tradition Chinese herbal medicine, and 
a newly found miRNA, miR-183, to measure their correla-
tion and effects on cervical cancer cells.

According to prior studies, miR-183 acts as a tumor sup-
pressor in cervical cancer cells.18,19 Therefore, we analyzed 
the function of miR-183 in Hela cells and its mediation 
of radiosensitivity in Hela cells. We first examined RNA 
expression, indicating that the RNA expression of miR-183 
was much lower in Hela cells than in normal End1/E6E7 
cells, which was similar to the findings of previous studies. 
We promoted expression of miR-183 to measure its role 
in cell outcomes. Our results showed that overexpression 
of miR-183 highly inhibited the viability of Hela cells and 
increased their cell apoptosis rate. We also analyzed factors 
in apoptosis to prove our result, indicating that RNA ex-
pression of Bcl-2 was significantly downregulated and Bax 
with caspase-3 RNA expressions was remarkably promoted.

We also examined the role of miR-183 in mediating 
EMT. The EMT plays important roles in the progression 
and metastasis of cervical cancer.33,34 With cancer cells 
metastasizing to other parts of the body, the prognosis 
for cervical cells was significantly decreased. Considering 
indications from former studies, we analyzed E-cadherin, 
N-cadherin and Vimentin to measure miR-183 mediation 
of EMT in cervical cancer cells, indicating that the pro-
gression of EMT was markedly inhibited by upregulation 
of miR-183. Therefore, we have proven that miR-183 sup-
pressed cell viability and EMT and promoted cell apoptosis 
in Hela cells, suggesting that miR-183 might be a tumor 
suppressor of cervical cancer.

As these roles of miR-183 were confirmed, we measured 
the effects of irradiation and baicalein on Hela cells. After 
X-ray treatment, the survival rate of Hela cells was signifi-
cantly decreased in a dose-dependent manner. We selected 
10 Gy X-ray-induced Hela cells for subsequent experiments, 
which showed that viability of Hela cells was remarkably 
increased dose-dependently, while the apoptosis rate was 
markedly increased, reflected by lowered Bcl-2 levels and 
increased caspase-3 and Bax. The EMT was also progres-
sively inhibited by  increased baicalein concentrations, 
reflected in decreased concentration of E-cadherin and 
increased N-cadherin and Vimentin. According to a study 
by Peng et al., baicalein repressed the proliferation and 
migration of cervical cancer cells, which also induced cer-
vical cancer cell apoptosis and cell cycle arrest.35 In this 
study, baicalein was reported to play an anti-tumor role 

by downregulating the production of BDLNR and suppress-
ing the PI3K/AKT signaling pathway. Baicalein also in-
duced Hela cell apoptosis through mitochondria and death 
receptor pathways dose-dependently.35 In prostatic cancer, 
baicalein treatment increased the sensitivity of prostatic 
cancer cells under the mediation of 12-LOX,36 implying 
that baicalein can be used as a radiosensitizer. In our study, 
we have detected a primary role of baicalein in mediat-
ing radiosensitivity and showed that baicalein magnified 
the effects of radiation on radiosensitivity regulation.

We analyzed a correlation between miR-183 and baica-
lein in irradiated Hela cells. This first confirmed that miR-
183 RNA expression was significantly upregulated by radia-
tion in Hela cells. Thereafter, a miR-183 inhibitor was used 
to decrease its expression in irradiated Hela cells, which 
was then promoted following baicalein treatment. As seen 
in Fig. 3C,D, the miR-183 inhibitor promoted cell viability, 
but repressed apoptosis in irradiated cells, while baicalein 
reversed the mediations caused by knockdown of miR-183. 
The upregulation of BCL2 and repression of caspase-3 and 
Bax expression in  irradiated Hela cells caused by miR-
183 downregulation was affected by baicalein, resulting 
in BCL2 upregulation as well as Bax and caspase-3 inhibi-
tion. Moreover, EMT was promoted by the miR-183 inhibi-
tor, an effect which was attenuated by baicalein treatment.

We  conducted a  first analysis of  the  correlation be-
tween miR-183 and baicalein, showing that baicalein 
can upregulate miR-183 RNA expression. Furthermore, 
we also detected their interactions with radiation, indi-
cating that miR-183 and baicalein in combination could 
improve the efficiency of radiation treatment in Hela cells. 
Therefore, miR-183 may be the miRNA that contributes 
to the radiosensitivity promoted by baicalein.

We explored a potential mechanism for baicalein in-
creasing the radiosensitivity of Hela cells. Janus kinase 2, 
a member of the Janus kinase family, belongs to the non-
receptor tyrosine kinase superfamily.37 Proteins in the Ja-
nus kinase family contain 4 conserved domains: FERM, 
SH2, JH2 pseudo-kinase, and JH1 kinase. A key step in JAK 
kinase activation is the interaction between the N-ter-
minus of FERM and SH2.38 The JH1 domain contains 2 
tyrosine residues (Y1007/8), which control conformation 
and activation through phosphorylation.39,40 Phosphoryla-
tion of Y637, Y868, Y972, and Y966 can also magnify JAK2 
kinase activity, while phosphorylated Y317, Y570, Y913, 
and Y119 are involved in downregulation of JAK2 activa-
tion.41,42 Moreover, JAK is a potential upstream activator 
of STAT3, which has been shown to be activated by phos-
phorylation of tyrosine (Tyr) residue 705, leading to dimer 
formation and activation of target gene transcription.43–45 
The STAT3 has been reported to be activated by oncop-
roteins, which are involved in oncogenesis by stimulating 
cell proliferation and repressing apoptosis.46 In contrast, 
inhibition of STAT3 results in the activation of apoptotic 
signaling pathways, as evidenced by upregulation of BAX 
and CASP3 and downregulation of BCL2.47
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In addition to proliferation regulation, the JAK2/STAT3 
signaling pathway has been reported to facilitate EMT 
progression in oral squamous cell carcinoma, breast can-
cer and gastric cancer amongst other conditions.48–50 
The JAK2/STAT3 signaling pathway has already been re-
ported to be suppressed by ellagic acid, resulting in pro-
moted cell apoptosis and inhibited cell proliferation of Hela 
cells. Moreover, baicalein attenuated inflammation in-
duced by lipopolysaccharides (LPS) by suppressing JAK2 
and STAT3 in RAW264.7 cells, suggesting that inhibiting 
the activation of the JAK/STAT signaling pathway ampli-
fies the effects of baicalein on cells.51

We detected a correlation between the JAK2/STAT3 
signaling pathway and baicalein in Hela cells. Initially, 
we examined the protein densities of p-JAK2, p-STAT3, 
t-JAK2, and t-STAT3, showing that Hela cells had higher 
levels of phosphorylated JAK and STAT3 and total JAK2 
and STAT3, while these protein concentrations largely 
decreased after dose-dependently radiation. To measure 
the activity of JAK2/STAT3, we chose a previously demon-
strated activator, RO8191 (also called CDM-3008), to acti-
vate the JAK/STAT signaling pathway.52 Based on the same 
study, we  also used RO8191 to  confirm the  functions 
of JAK2 and STAT3, showing that RO8191 significantly 
increased the phosphorylation of JAK2 and STAT3, and in-
creased the density of total JAK2 and STAT3 in Hela cells. 
Baicalein treatment greatly decreased the concentrations 
of these proteins, showing that baicalein could inhibit ex-
pression of JAK2 and STAT3 in Hela cells. Thereafter, cell 
viability, apoptosis and EMT were also checked, indicating 
that RO8191-induced high cell viability was reduced after 
baicalein treatment, while the inhibition of cell apoptosis 
caused by RO8191 was reversed. The EMT was also in-
creased by RO8191 usage, and baicalein treatment could 
reduce EMT in Hela cells. This implies that baicalein might 
promote the radiosensitivity of Hela cells via the JAK2/
STAT3 signaling pathway.

Limitations

This study only examined the functions of baicalein 
in vitro. To further validate its potential in cervical can-
cer, animal model should be examined. This is a limitation 
of this study.

Conclusions

Baicalein promoted cell apoptosis and radiosensitivity, 
and inhibited cell viability and progression of EMT in Hela 
cells through miR-183 upregulation and JAK2/STAT3 in-
hibition, suggesting that baicalein may be a potential treat-
ment method for increasing the radiosensitivity of Hela 
cells. Further studies in vivo and clinical studies are war-
ranted to increase the knowledge about radiotherapy for 
cervical cancer.
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