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Baicalein induces cervical cancer apoptosis
through the NF-kB signaling pathway
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Abstract. To investigate the mechanism of baicalein in
inducing human cervical cancer cell line C33A apoptosis.
Baicalein (200 uM) was used to treat C33A cells. Cell
proliferation was tested by the MTT assay. Cell apoptosis
was detected by the TUNEL assay and caspase-3 activity
measurement. Cell cycle was determined by flow cytometry
and associated gene expression at mRNA and protein levels.
Nuclear factor (NF)-«kB activity was assessed by luciferase
assay and western blotting. Baicalein suppressed cervical
cancer cell C33A proliferation and induced cell apoptosis
by activating caspase-3 activity. Baicalein blocked cell cycle
in G,/G, phase through regulating the expression of associ-
ated genes. Baicalein inhibited NF-kB activity by repressing
nuclear translocation. Baicalein suppressed C33A proliferation
and promoted cellular apoptosis by inhibiting NF-«xB signaling
pathway. In conclusion, the results indicate that baicalein can
inhibit cervical cancer cell proliferation and promote cell
apoptosis by affecting NF-«xB activity.

Introduction

Uterine cervical cancer is a common malignancy in women,
as well as breast cancer worldwide (1,2). At present, surgery,
chemotherapy and radiotherapy are the most widely applied
strategies for cervical cancer treatment. Adjuvant or neoadju-
vant radiotherapy or chemotherapy following surgical resection
intend to restrain tumor cell proliferation and metastasis,
whereas the largest drawback is that the healthy cells are also
killed, leading to serious complications. As natural products
are considered to be less toxic and lead to fewer side effects
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than that of synthetic drugs, the potential anticancer proper-
ties of natural products have been previously investigated (3).
Traditional Chinese medicines and their active constituents
may serve arole in cancer treatment via numerous mechanisms,
including the induction of apoptosis (4), blocking telomerase
activity (5), suppressing angiogenesis (6), improving immune
functions (7) and enhancing cytotoxicity (8). The majority
of previous studies have focused on the effect of antitumor
agents to react on tumor shrinkage or disappearance through
inducing cancer cell apoptosis (9,10).

Baicalein is a flavonoid derived from the root of
Scutellaria baicalensis, presenting with a variety of biological
activities, including antitumor, antimicrobial, anti-inflamma-
tory and anti-ischemic properties (11-14). As a prospective
anticancer drug, the beneficial effect of baicalein as a single
or combined treatment is of significance. It has been reported
that baicalein was involved in the inhibitinon of various
types of cancer (including bladder cancer, breast cancer,
colorectal cancer, gastric cancer, hepatocellular carcinoma,
osteosarcoma, multiple myeloma, melanoma/skin cancer,
ovarian cancer, pancreatic cancer, prostate cancer and lung
cancer) (15). The key molecular mechanisms of the anti-tumor
effects of baicalein include inhibiting several cyclins or
cyclin-dependent kinases (CDKs) to regulate the cell cycle,
scavenging oxidative radicals, attenuating mitogen-activated
protein kinase, protein kinase B or mechanistic target of
rapomycin activities, inducing apoptosis through activating
caspase-9/-3 and inhibiting tumor invasion and metastasis by
reducing the expression of matrix metalloproteinase 2/9 (15).
However, the effects of baicalein on cervical cancer cells and
the associated mechanisms remain to be fully elucidated.

In the present study, human cervical cancer C33A cells
were used to explore the anticancer effect of baicalein in vitro.
The effect of baicalein treatment on C33A cell proliferation
was determined by the MTT assay. The current study inves-
tigated whether baicalein can induce C33A cell apoptosis
by the terminal deoxynucleotidyl transferase (TdT) dUTP
nick-end labeling (TUNEL) assay and caspase-3 activity
measurement. Cell cycle changes of C33A cells following
treatment with baicalein were evaluated by flow cytometry
and associated genes expression. The activity of nuclear factor
(NF)-«B signaling pathway was measured by luciferase assay,
reverse transcription-quantitative polymerase chain reaction
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(RT-PCR), and western blotting, in order to clarify the under-
lying mechanisms of baicalein-induced apoptosis in cervical
cancer C33A cells.

Materials and methods

Cell line and reagents. The human cervical cancer cell line
C33A was obtained from the Institute of Biochemistry and
Cell Biology, Shanghai Institute of Biological Sciences,
CAS (Shanghai, China). The cells were maintained in
DMEM medium supplemented with 10% fetal calf serum,
100 U/ml penicillin (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) and 100 g/ml streptomycin (Sigma-Aldrich; Merck
KGaA), and cultured at 37°C and 5% CO,. Baicalein was
obtained from Sigma-Aldrich (Merck KGaA) and dissolved in
dimethyl sulfoxide (DMSO).

MTT assay. C33A cells in suspension were seeded into a
96-well plate. Baicalein was used to treat cells for different
times with three replicates. Subsequently, 20 ul MTT reagent
(5 mg/ml, Invitrogen; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) was added to the well for 4 h, then 150 1 DMSO
were used to dissolve the crystal substance. The plate was then
read at 490 nm on a microplate reader to draw the proliferation
curve.

NF-xB-dependent reporter gene expression assay. Levels of
NF-«kB activity in C33A cells were assessed by the luciferase
reporter assay. NF-kB luciferase constructs (#CLS-013 L;
SABioscience, Frederick, MD, USA) was stably transfected
into C33A cells using Lipofectamine® (Invitrogen; Thermo
Fisher Scientific, Inc.). In brief, C33A cells were treated with
200 uM AgNPs for 24 h, then the cells were washed with
ice-cold PBS and harvested in 1X lysis buffer. Following
centrifugation, 10 xl supernatant was measured for luciferase
activity with a luminometer (Turner Designs, Inc., Sunnyvale,
CA, USA). The NF-kB-luciferase activity was monitored
using the luciferase assay kits from Promega Corporation
(Fitchburg, WI, USA). The luciferase activity was normal-
ized against known protein concentrations and expressed as
percentage of luciferase activity in the control cells.

TUNEL assay.C33A cells treated by 200 M baicalein for 24 h
were stained using the ApopTag Fluorescein In Situ Apoptosis
Detection kit (Chemicon International, Inc., Temecula, CA,
USA), and apoptosis was observed using confocal laser scan-
ning microscopy (TCS SP2; Leica Microsystems GmbH,
Wetzlar, Germany).

Caspase-3 activity measurement. The activity of
caspase-3-like protease in the C33A cells was assessed using
a colorimetric caspase-3 assay kit (Sigma-Aldrich; Merck
KGaA) according to the manufacturer's protocol. In brief,
100 pl reaction mixture containing 30 ul cell lysate and 10 ul
caspase-3 substrate acetyl-Asp-Glu-Val-Asp-p-nitroanilide
at 200 #M in assay buffer was used, and the assay was
performed in a 96-well plate. The mixture was incubated
at 37°C for 90 min and the absorbance was measured at
405 nm. The caspase-3 activity was calculated by value of
OD 405 relative to the control.
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Cell cycle detection. The cell cycle was detected using a cell
cycle detection kit (KeyGen BioTec, Beijing, China). C33A
cells in the logarithmic phase were seeded into 12-well plates
and treated with 200 xM baicalein for 24 h. Subsequent to
collection and washing twice with PBS, the cells were added
to 1 ml 70% precooled ethanol at 4°C overnight. Then the
cells were washed by PBS and treated with 100 mg/l RNase at
37°C for 30 min. After staining with 50 mg/1 propidium iodide
(PI) at 4°C in the dark for 30 min, the cells were detected by
flow cytometry with the excitation wavelength at 488 nm. The
primary result was analyzed by cell cycle matching software
to record hypodiploid peak, namely sub-G, phase, G,/G, phase,
S phase and G,/M phase. All experiments were repeated a
minimum of three times.

RT-qPCR. Total RNA was extracted from C33A cells using
TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.) and reverse
transcribed to cDNA using the K1622 kit (Fermentas; Thermo
Fisher Scientific, Inc.). The primers used were designed by
Primer 6.0. qPCR was applied to test target gene expression.
The reaction conditions were as follows: 55°C for 1 min,
followed by 40 cycles of 94°C for 30 sec, 55°C for 30 sec, and
72°C for 45 sec. GAPDH was applied as internal reference. The
2424 method (16) was applied to calculate the relative expres-
sion levels. The primer sequences were as follows: p21, forward
5'-CCATCGGAATATGTACCGACTG-3' and reverse 5-CTC
AGCGGTCGTAATCTGTCA-3"; Bcl-2-like protein 11 (Bim),
forward 5'-CATATAACCCCGTCAACGCAG-3' and reverse
5'-GCAGCCGCCACAAACATAC-3'; cyclin D1 forward
5'-GCTGCGAAGTGGAAACCATC-3' and reverse 5'-CCT
CCTTCTGCACACATTTGAA-3'; cytochrome ¢ oxidase
2 (COX2), forward 5'-CTGGCGCTCAGCCATACAG-3'
and reverse 5-CGCACTTATACTGGTCAAATCCC-3'"; inter-
leukin (IL)-8, forward 5'-CCTCCCCAGAATGTGACGC-3'
and reverse 5'-CCCGCACACTCTTCCACTT-3"; tumor
necrosis factor (TNF), forward 5-AGGACGACTGTTCAG
CACG-3' and reverse 5'-CCGGGCAACAATGTCCAA
AAG-3"; FADD-like IL-1B-converting enzyme-inhibitory
protein (FLIP), forward 5-AAGTCCTGACCAGTCGGA
ACA-3" and reverse 5-TCTTCAACGTGAGTCACCTTCT-3";
X-linked inhibitor of apoptosis protein (XIAP), forward
5'-ACCGTGCGGTGCTTTAGTT-3' and reverse 5-TGCGTG
GCACTATTTTCAAGATA-3'; MYC, forward 5'-CAATCG
GGCTGGTACTTGGAG-3' and reverse 5'-CGTGGGTGT
AAGAAGACCTAGA-3'; BCL2LI1, forward 5-TTGCCAGCC
GGAACCTATG-3' and reverse 5-CGAAGGCGACCAGCA
ATGATA-3'; GAPDH, forward 5-GCACCGTCAAGGCTG
AGAAC-3' and reverse 5-TGGTGAAGACGCCAGTGGA-3".

Western blotting. C33A cells were incubated with 10 ul/ml
protease inhibitor cocktail (Sigma-Aldrich; Merck KGaA) and
radioimmunoprecipitation assay buffer (Invitrogen; Thermo
Fisher Scientific, Inc.) on ice for 20 min to extract protein.
Following centrifugation at 12,000 x g for 5 min at 4°C, the
supernatant was moved to a new Eppendorf tube and quanti-
fied using a Bicinchoninic Acid protein assay kit (Beyotime
Institute of Biotechnology, Shanghai, China). A total of 40 ug
protein was separated by 10% SDS-PAGE and transferred to a
PVDF membrane. Following blocking with 5% skimmed milk
for 1 h, the membrane was incubated with primary antibodies
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Figure 1. Baicalein suppressed C33A cell proliferation and induced cell apoptosis. (A) ICs, of baicalein on C33A. (B) C33A cell viability detected by MTT
assay. (C) Caspase-3 activity tested by luciferase assay. (D) C33A cell apoptosis evaluated by the terminal deoxynucleotidyl transferase (TdT) dUTP nick-end
labeling assay. (E) Apoptosis-associated protein expression detected by western blotting. “P<0.05 vs. control.

against caspase-3 (1:500; ab13847; Abcam, Cambridge, MA,
USA), B-cell lymphoma-2-associated X (bax; 1:500; ab32503;
Abcam), bel-2 (ab692, dilution 1:500; Abcam), p21 (ab109199,
dilution 1:500, Abcam), Bim (1:500; ab7888; Abcam), cyclin
D1 (1:500; ab134175; Abcam), phosphorylated (p)-Rb (S780;
1:500; ab47763; Abcam), Rb (abl181616, dilution 1:500;
Abcam), p65 (1:500; ab16502, Abcam), p-p65 (S536; 1:500;
ab86299; Abcam), p84 (1:500; abl102684; Abcam), elongation
factor-1a (1:500; sc-21758; Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA), GAPDH (1:500; ab8245; Abcam) at 4°C
overnight. Subsequently, the membrane was incubated with
the horseradish peroxidase conjugated anti-mouse (ab131368)
or anti-rabbit (ab191866) secondary antibodies (dilution
1:2,000; Abcam) at 37°C for 30 min and was washed with PBS
with 0.05% Tween-20. The protein bands were then visualized
using enhanced chemiluminescence reagent (Thermo Fisher
Scientific, Inc.). Gray value of the bands was analyzed by
Image J2x software. All experiments were repeated for three
times.

Annexin V/PI assay. Following treatment with baicalein or
SN50 (Biomol GmbH, Hamburg, Germany) for 24 h, C33A
cells were collected and washed with PBS twice. Then the
cells were resuspended in 400 pl 1X binding buffer and added
with 5 pl Annexin V-FITC in the dark for 15 min. PI (10 pl)
was then added and the cells were incubated in the dark for
5 min. The cells were then tested for early and late apoptosis
on flow cytometry. The results were analyzed using CellQuest
software v3.3 (BD Biosciences, Franklin Lakes, NJ, USA). All
experiments were repeated three times.

Statistical analysis. All data were presented as the
mean + standard deviation and analyzed by SPSS software,
version 19.0 (IBM Corp., Armonk, NY, USA). Data comparison

was performed using Student's t-test or one-way analysis of
variance. P<0.05 was considered to indicate a statistically
significant difference.

Results

Baicalein inhibited C33A proliferation and induced cell
apoptosis. To investigate the effect of baicalein on cervical
cancer cell C33A, the IC50 of baicalein was investigated, and
was identified to be 200 uM (Fig. 1A). Thus, 200 M baicalein
was applied to treat C33A cells for different durations. The
MTT assay observed that C33A cell proliferation was signifi-
cantly slowed by baicalein in a time-dependent manner (P<0.05;
Fig. 1B). To further explore the pro-apoptotic effect of baicalein
on cervical cancer, caspase-3 activity detection assay demon-
strated that baicalein enhanced luciferase activity of caspase-3
in C33A cells compared with normal control cells (Fig. 1C). In
addition, the TUNEL assay indicated that C33A apoptosis was
upregulated following baicalein treatment for 24 h (Fig. 1D). In
addition, Bax and caspase-3 expression were increased, while
Bcl-2 levels were downregulated in C33A cells following expo-
sure to baicalein for 24 h (Fig. 1E). Taken together, baicalein
may inhibit C33A proliferation and promote cell apoptosis.

Baicalein blocked C33A cell cycle. Due to the fact that cell
viability and apoptosis were associated with the cell cycle,
the current study investigated whether baicalein impacts the
C33A cell cycle. Flow cytometry indicated that compared
with the control, cell content apparently increased in G,/G,
phases and declined in S phase following 200 M baicalein
intervention for 24 h (Fig. 2A). Furthermore, cell cycle-asso-
ciated gene expression in C33A cells treated by baicalein
was investigated. P21 and Bim significantly upregulated,
while cyclin D1 markedly reduced at mRNA and protein
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Figure 2. Baicalein blocked C33A cell cycle. (A) C33A cell cycle determined by flow cytometry. (B) Cell cycle-associated protein expression as detected
by western blotting. (C) Cell cycle mRNA level tested by reverse transcription-quantitative polymerase chain reaction. “P<0.05 vs. control. Bim, Bcl-2-like

protein 11; p-, phosphorylated.

levels in C33A cells following treatment with baicalein
(Fig. 2B and C). In addition, Rb phosphorylation levels
were observed to be reduced under the effects of baicalein
(Fig. 2B), suggesting that baicalein may restrain the cell
cycle in cervical cancer.

Baicalein affected the NF-kB signaling pathway. To investi-
gate which signaling pathway was involved in C33A treated
with baicalein, the mRNAs activated by baicalein and
control group was explored. The results indicated that the
NF-«B pathway may be associated with the process due to
the fact that NF-kB-associated genes, including TNF, inter-
feron vy, B cell leukemia/lymphoma 2 related protein Ala,
CFSl-like protein, and baculoviral IAP repeat containing 3
were downregulated in C33A following baicalein interven-
tion (Fig. 3A). Subsequently, a variety of genes that may be
associated with cervical cancer progress were investigated,
and it was identified that numerous genes were down-
regulated after baicalein intervention, including COX2,
IL-8, TNF, FLIP and XIAP (Fig. 3B). Due to the fact that
these factors were predominantly regulated by the NF-xB
signaling pathway, the influence of baicalein on the NF-xB
signaling pathway was further investigated. The luciferase
assay indicated that NF-«kB activity was markedly reduced
in C33A cells treated with baicalein (Fig. 3C). In addition,
protein was extracted from C33A cells, and it was sepa-
rated into the nucleus and cytoplasm. Western blot analysis
exhibited that NF-xB p65 protein levels were significantly
reduced, while p84 expression in the nucleus was reduced
in the baicalein group (Fig. 3D). It indicated that baicalein
may suppress the activity of the NF-«kB signaling pathway in
cervical cancer cell C33A.

NF-kB signaling pathway mediated baicalein in inducing
C33A apoptosis. To discuss the role of NF-kB signaling
pathway in the apoptosis-inducing effect of baicalein, SN50,
a specific inhibitor of NF-kB signaling pathway, was used for
investigation. pP65 expression was measured in C33A following
treatment with baicalein and SN50. The results demonstrated
that SN50 effectively suppressed p65 phosphorylation in C33A
following baicalein induction (Fig. 4A). In addition, the MTT
assay indicated that C33A proliferation was not significantly
restrained by SN50 (P>0.05; Fig. 4B). Apoptosis assay indi-
cated that C33A apoptosis was not affected by SN50 (Fig. 4C).
Taken together, baicalein may inhibit C33A proliferation and
promote cell apoptosis by the inhibiting NF-kB pathway.

Discussion

As a major form of programmed cell death, cell apoptosis
serves a crucial role in maintaining cell stability to mediate
organism growth and development. Normal apoptotic
mechanisms are evaded in a variety of cancer cells, leading to
uninhibited growth. Therefore, apoptosis has become a focus
in life-science research, particularly in tumor research (17).
The regulation of apoptosis is a complicated process predomi-
nantly triggered by two pathways, the intrinsic mitochondrial
pathway and the extrinsic cell-death receptor pathway (18). In
addition, the two pathways also have various intersections and
may be regulated by a number of factors.

One of the major mechanisms of anticancer drug activity is to
restrain cancer cell growth. The MTT assay results indicated that
baicalein inhibited the growth of C33A cells in a time-dependent
manner. Apoptotic cells exhibited biochemical and morpholog-
ical changes, while they may reflect different stages of apoptosis.
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In the present study, the TUNEL assay identified cells with strand  only situation where DNA strands are broken (19). It has been
breakage using biotinylated nucleotides and subsequent immu-  reported that baicalein induced cell apoptosis through activating
nodetection to label DNA strands. However, apoptosis is not the  caspase-9/-3 (15). Therefore, caspase-3 activity and expression
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was further detected in C33A cells upon baicalein treatment.
Caspase-3 is cleaved from procaspase-3 and poly (ADP-ribose)
polymerase is cut at Asp216-Gly217 once activated, thus split-
ting DNA between nucleosome to induce cell apoptosis (20). The
results indicated that baicalein treatment significantly elevated
the luciferase activity of caspase-3 and caspase-3 expression as
compared with the untreated control group. Together with Bax
and Bcl-2 expression detection the apoptotic role of baicalein in
cervical cancer was confirmed.

Cell cycle regulation is regulated various factors, including
CDKs, Bim, p21 and the RB gene. A large number of studies
have illustrated the relevance of cell cycle dysregulation in
different types of human cancer (21,22). Although it has
been reported that baicalein can arrest cell cycle at several
checkpoints depending on the type of cancer, few studies
have investigated the role of baicalein in the cervical cancer
cell cycle. The current study demonstrated that baicalein can
regulate C33A cell distribution in the cell cycle, particularly
by increasing the percentage of cells in the G,/G, phase while
decreasing the percentage of cells in the S phase.

To further investigate the potential mechanism of baicalein
on the cell cycle, the expression of cyclin DI, p21 and the
Rb levels were measured in C33A cells following baicalein
treatment. As a key mediator of the G, checkpoint, cyclin D1
is expressed predominantly at the early stage of G, phase.
After that, cyclin D1/CDK4/6 forms a complex regulated by
Rb phosphorylation (23-25). A previous study exhibited that
Rb expression and phosphorylation serve important roles in
regulation of the cell cycle (26,27). The results indicated that
baicalein decreased cyclin D1 and p21 expression at both
mRNA and protein levels. Furthermore, Rb phosphorylation
was also reduced upon baicalein treatment. These results
may elucidate the impact of baicalein on G, arrest. However,
further investigation is required in order to clarify the specific
mechanism of baicalein on the cell cycle.

The NF-«B signaling pathway is considered to be associated
with multiple cell functions. During inactivation, NF-xB locates
in the cytosol and is bound to inhibitory IkB protein, which
shields the nuclear localization signal. The complex enters the
nucleus and binds to its consensus sequence to activate its down-
stream genes upon stimulation (28). In the present study, the
NF-«B signaling pathway inhibitor SN50 was used to treat C33A
cells, and it was identified that P65 phosphorylation and nuclear
translocation were significantly blocked in C33A cells induced
by baicalein. The influence of NF-«B signaling pathway on cell
apoptosis is complex. Although NF-«B activation is thought to
be part of the apoptotic induction, numerous studies have demon-
strated that NF-«B is an anti-apoptotic response in the majority
of circumstances (29-31). As one of the major components of
death ligands, downregulation of c-FLIP weakens caspase-8
inhibition and increases apoptosis (32). XIAP has been reported
to evoke a second wave of NF-«kB activation following TNFa
stimulation (33). COX, which can represent mitochondrial respi-
ratory function, is also regulated by NF-xB (34). In the present
study, cervical cancer cell apoptosis was significantly enhanced
with FLIP, XIAP and COX2 downregulation. In addition, appli-
cation of SN50 markedly restrained baicalein impact on C33A
cell apoptosis and proliferation. These results indicated that
baicalein may prevent cervical cancer cell apoptosis through
modulating NF-xB dependent survival pathway. In the present
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study, it was indicated that baicalein treatment decreased the
luciferase activity of NF-kB in C33A cells. In addition, the
active form of NF-«xB, p65 protein, expression in the nucleus
markedly reduced under baicalein stimulation. It suggested that
baicalein treatment markedly attenuated the NF-kB activation
through inhibition of NF-kB nuclear translocation degradation
and subsequently induced cervical cancer apoptosis.

Flavonoids are structurally similar to steroid hormones,
particularly estrogens, and therefore have been studied for
their potential effects on hormone-dependent cancer. Baicalein
is a member of the flavonoid family, and its estrogen-mediated
effects have been reported in multiple studies (35-37). Baicalein
and other extracts have been previously observed to halt the
cell cycle during the S and G,/M-phases in MCF-7 human
breast cancer cells by suppressing 173-estradiol-induced trans-
activation of estrogen receptor o (37,38). Baicalein inhibited
E2-induced migration, adhesion and invasion by interfering
with 17f-estradiol (E2)-induced novel G protein-coupled
estrogen receptor-associated signaling (39). Baicalein inhibits
lipopolysaccharide-induced inflammatory cytokine produc-
tion via regulation of the NF-xB pathway and estrogen-like
activity, suggesting that it may be useful for preventing inflam-
mation-associated diseases (40). However, the estrogen-like
activity of baicalein in inhibiting cervical cancer requires
further investigation.

In summary, C33A cell proliferation was suppressed by
baicalein in a time-dependent manner. Baicalein induced the
apoptosis of C33A cells, as indicated by the results of the TUNEL
assay and caspase-3 activity. Baicalein may induce apoptosis
through blocking the cell cycle and NF-«kB signaling pathway.
These results indicated that baicalein may be a promising agent
for treating patients with cervical cancer. Further in-depth
studies are required to explore the molecular mechanisms of the
anti-cancer characteristics of baicalein on cervical cancer.
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