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Baicalein ExertsAnticancer Effect in Nasopharyngeal Carcinoma
In Vitroand In Vivo

Jiandong Guo, Huihua You, and Dong Li

Department of Otorhinolaryngology—Head and Neck Surgery, Jinhua Central Hospital, Jinhua, P.R. China

Baicalein, an active ingredient separated from Astragalus membranaceus, has shown its anticancer ability in
various cancers. However, its effect on nasopharyngeal carcinoma has not been explored yet. The present study
aimed to investigate the effect of baicalein on the growth, proliferation, apoptosis, and cell cycle of human
nasopharyngeal carcinoma cells, as well as transplanted nude mouse xenograft. The results showed that baica-
lein inhibited the growth and proliferation of CNE1 and CNE2 cells in a time- and concentration-dependent
manner. It also caused a significant increase in the number of cells in the G,/G, phase and a decrease in the
G,/M phase, thereby reducing the number of cells entering mitosis and inhibiting the proliferation of tumor
cells. Baicalein also significantly induced apoptosis of CNE1 and CNE2 cells. Western blots showed that baica-
lein decreased the expression of Bcl-xI and Mcl-1 and increased the expression of Bax, Bad, and caspase 3, 8,
and 9. In CNE1- and CNE2-transplanted tumors of mice, baicalein significantly inhibited tumor growth. In con-
clusion, baicalein could inhibit the growth and proliferation of human nasopharyngeal carcinoma cells, change
their cell cycle, and induce apoptosis. Baicalein also effectively limits both CNE1- and CNE2-transplanted
tumors in nude mice. Downregulation of Bcl-xI and Mcl-1 proteins and upregulation of Bax and Bad may be

involved in the mechanism.
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INTRODUCTION

Nasopharyngeal carcinoma (NPC) is a serious
malignant tumor mainly occurring in China'. At pres-
ent, radiotherapy can increase the local control rate of
nasopharyngeal carcinoma. Intensity-modulated radio-
therapy produced satisfactory survival outcomes for
patients with acceptable late toxicities, but not for distant
control, especially for patients with N3 stage’. However,
about two thirds of patients have been in the middle and
late stages when they receive treatment, as patients usually
present in a more advanced stage of disease. As a result,
the 10-year overall survival for locoregionally advanced
nasopharyngeal carcinoma was about 49.5%°. Although
the chemotherapy drugs have achieved high efficiency,
the long-term effects are still not ideal, and there are more
serious toxic and side effects. In addition, the multidrug
resistance of tumor to chemotherapy restricts the efficacy
of chemotherapy drugs. To improve the therapy effect,
combination therapy of radiotherapy and chemotherapy
with alternative treatment has received more and more
attention. Therefore, for nasopharyngeal carcinoma, espe-
cially advanced nasopharyngeal carcinoma, in addition to

improving the level of radiotherapy and chemotherapy
technology we should consider multidisciplinary compre-
hensive treatment in order to achieve the goal of “cure.”
It has been recognized that the reversal of multidrug
resistance and radiosensitization of some carcinomas by
Chinese traditional medicine can make up for the disad-
vantages of radiotherapy and chemotherapy and achieve
a better antitumor effect’. Astragalus membranaceus
is a type of East Asia yellow peony that is rich in fla-
vonoids. It has been approved to treat hyperlipidemia,
hypertension, dysentery, viral hepatitis, viral myocardi-
tis, bronchial asthma, chronic bronchitis, allergic rhini-
tis, inflammation, and tumors as a Chinese traditional
medicine®. The chemical constituents of A. membrana-
ceus were found to contain flavonoids, saponins, and
polysaccharides. As a key ingredient of Chinese herbal
medicines such as Huanggi Tang, Xiaochaihu Tang, and
Xiaochaihu Tang of Japan, it is used to prevent and treat
many tumors®. Baicalein is an active ingredient sepa-
rated from A. membranaceus. The molecular formula of
baicalein is C,;H,,0;, as shown in Figure 1. As the main
bioactive component of A. membranaceus, baicalein
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Figure 1. Structure of baicalin.

has demonstrated its antitumor activity in both animal
and cell studies®. In recent years, baicalein has received
increasing attention as it can inhibit proliferation of can-
cer cells, or induce apoptosis and autophagic cell death of
cancer cells with low toxicity®™. However, the effect and
mechanism of baicalein in the treatment of nasopharyn-
geal carcinoma has not yet been explored.

Hence, the present study was performed to investigate
the effect of baicalein on the growth, proliferation, apo-
ptosis, and cell cycle of human nasopharyngeal carcinoma
cells. We also examined its effect on the expression of
apoptosis-associated protein and the growth of nasopha-
ryngeal carcinoma xenografts to explore the underlying
mechanism. The findings in this study may provide exper-
imental basis for the clinical application of baicalein in
the treatment of nasopharyngeal carcinoma.

MATERIALSAND METHODS
Nasopharyngeal Carcinoma Cells

Human nasopharyngeal cancer cells CNE1 and CNE2
were purchased from Biomart Co. Ltd (Shanghai, P.R.
China) and inoculated in our laboratory in Jinhua Central
Hospital. Cells were cultured in regular RPMI-1640
medium, which is made by fully dissolving RPMI-1640
culture dry powder (Beyotime, Haimen, Jiangsu, P.R.
China) with distilled water. Penicillin and streptomy-
cin (Beyotime) were added into the medium to reach a
concentration of 100 U/ml. The pH was adjusted to 7.2
with NaHCO, (Sinopharm Chemical Reagent, Beijing,
P.R. China). The RPMI-1640 medium was then steril-
ized, subpackaged, and stored at —20°C for use. Newborn
bovine serum (Beyotime) was added to reach a concen-
tration of 10% before use. Cells were cultured in a cell
culture incubator (Thermo Fisher Scientific, Waltham,
MA, USA) under 37°C with 90% relative humidity and
5% CO,. The RPMI-1640 medium was regularly changed
once a day.

Drug Treatment and Cytotoxicity Test by MTT Method

Logarithmic growth phase cells were seeded in 96-well
plates (6x10%well). After 8-12 h of cell adherence,
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RPMI-1640 medium was added to reach 200 pl/well in
total. Baicalein (purity 98%; Sigma-Aldrich, St. Louis,
MO, USA) was added to the culture medium to differ-
ent concentrations (12.5 pM, 25 pM, 50 uM, 100 pM).
Cisplatin (2 mg/L; DDP; Sigma-Aldrich) was added in a
well to different concentrations (10 uM, 20 pM, 30 pM,
40 uM) as positive control groups. Next, cells were grown
in an incubator (Thermo Fisher Scientific) for 6 days. The
medium was changed once a day with different concen-
trations of baicalein or DDP. Four replicates were set for
each concentration at each time point. On MTT test day,
4 ul of 5 pg/L MTT solution (Beyotime) was first added
into the wells. The cells were continually incubated with
MTT solution for 4 h. After that, the culture medium in
each well was all removed, and 150 pl of dimethyl sul-
foxide was added to the wells. The mixture was gently
vibrated for 10 min. Finally, the absorbance under the
wavelength of 570 nm was measured on a spectropho-
tometer (Tecan, Shanghai, P.R. China) and the percent
growth of cells was calculated as follows: % growth of
cells=1-(absorbance of control well-absorbance of
experimental well)/absorbance of control well x 100%.

Clonogenicity Assay

Cells (5x10°% were suspended with DMEM/10%
FBS in 150-ul Mix agar. They were then plated in 30-mm
plates overlying a 1% agar—-DMEM/10% FBS (1:1) bot-
tom layer. Next, cells were kept in medium containing
40 uM DDP or different concentrations of baicalein. The
medium was changed once a day with different concen-
trations of baicalein or DDP. Ten days later, the number
of remaining colonies was counted.

Detection of Apoptosis by Flow Cytometer

After incubation of CNE1 and CNE2 nasopharyngeal
carcinoma cells with baicalein (12.5 pM, 25 pM, 50 pM,
100 pM) or 40 uM DDP for 48 h, cells were digested
and stained with propidium iodide and annexin V conju-
gated to green-fluorescent FITC dye (Sigma-Aldrich).
Apoptosis rate was measured on a flow cytometer (Thermo
Fisher Scientific).

Detection of Cell Cycle by Flow Cytometer

After incubation of CNE1 and CNE2 nasopharyngeal
carcinoma cells with baicalein (12.5 pM, 25 pM, 50 pM,
100 puM) or DDP (40 puM) for 48 h, cells were digested
and fixed with 70% ethanol and stained with propidium
iodide (Sigma-Aldrich). The relative rates of cells in the
G,/G, phase, S phase, or G,/M phase were detected on a
flow cytometer (Thermo Fisher Scientific).

Western Blot

After incubation of CNE1 nasopharyngeal carcinoma
cells with baicalein (12.5 pM, 25 M, 50 pM, 100 puM)
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or DDP (40 uM) for 48 h, or with IC,, concentration of
baicalein (20.95 pM) or DDP (2.49 uM) for 12 h, cells
were washed three times with 0.01 M PBS at 4°C. Then
300 pl of protein lysate (50 mmol/L NaCl, 0.5 mmol/L
Tris-HCI pH 7.5, 1% Triton X-100, 150 mmol/L EDTA,
0.5 mmol/L PMSF) was added to the wells. The Western
blot kit package was purchased from Beyotime. The
lysate was further lysed on ice at 4°C for 30 min before
it was centrifuged at 12,000 rpm for 10 min. Next, the
supernatant was assayed for protein concentration, and
the protein concentration was adjusted to 3 pg/ul. The
protein was then separated in 10% sodium dodecyl sul-
fate polyacrylamide gel electrophoresis and transferred
to polyvinylidene difluoride (PVDF) membrane (Bio-
Rad, Hercules, CA, USA). Afterward, the PVDF mem-
brane was incubated with a mixture of Tris-buffered saline
(TBS) and Tween 20 and nonfat milk for 1 h. They were
then incubated with corresponding primary antibodies at
4°C overnight. The PVDF membrane was then washed
with a mixture of TBS and Tween 20 four times before it
was incubated with corresponding secondary antibodies
(1:5,000) on a shaker under 25°C for 1 h. Finally, bands
were visualized with an Electro-Chemi-Luminescence
(ECL) Substrate Kit (Rahn AG, Zurich, Switzerland) and
quantified with Quantity One software (Bio-Rad).

Establishment of Nasopharyngeal Carcinoma
Xenograft Model

BALB/C-nu/nu nude mice (18-22 g) were housed in
the animal center of Jinhua Central Hospital under SPF
conditions and a constant temperature of 24°C. After
CNE1 and CNE2 cells in logarithmic growth phase were
digested with trypsin, a cell suspension of 5x 10" cells/
ml was prepared. Each nude mouse was inoculated sub-
cutaneously with 0.2 ml of cell suspension. When tumors
grew to 1x0.8x0.4 cm® nude mice were randomly
divided into five groups: control, DDP, 1.0 mg/kg BAI,
2.0 mg/kg BAI, and 3.0 mg/kg BAI, with 10 mice in each
group. The DDP group was used as positive control. DDP
was intraperitoneally injected at 6 mg/kg every 3 days.
Baicalein was given by intraperitoneal injection once
a day. The control group was injected intraperitoneally
with the same volume of saline. During the treatment,
the tumor size, body weight, activity, diet, and defeca-
tion of each mouse were measured and recorded every
3 days. The animals were treated for 12 days. Three days
after the last injection was completed, mice were sacri-
ficed. The tumor tissue was collected and weighed. The
long diameter (&) and the short diameter (b) of the tumor
were gauged to calculate the tumor volume (V) using the
formula V= pab?6. The tumor inhibition rate (TIR), rela-
tive tumor volume (RTV) as well as relative tumor pro-
liferation rate (T/C) were calculated as follows: Tumor
inhibition rate (%)= (average tumor weight in control
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mice —average tumor weight in experimental mice)/
average tumor weight in control mice x 100%; RTV=V1/
VO (V1, final tumor volume; VO, initial tumor volume);
T/C=average RTV of treatment group/average RTV of
control group x 100%.

Satistical Analysis

The SPSS13.0 statistical analysis software (SPSS
Inc., Chicago, IL, USA) was used to analyze the data
with one-way analysis of variance (ANOVA) method.
Data were expressed as mean+SEM. A value of p<0.05
was considered to be statistically significant.

RESULTS

The Inhibition of CNE1 and CNE2 Proliferation
by Baicalein and DDP

The inhibition of CNE1 and CNE2 proliferation by
baicalein and DDP is shown in Figure 2a—d. The results
of MTT colorimetric assay showed that different dos-
ages of baicalein and DDP significantly decreased the
cell growth of CNE1 and CNE2 cells. In each group,
the cell growth percentage was decreased as the dos-
age increased. The inhibition effect was both time and
concentration dependent. Figure 2e shows the IC, value
of baicalein and DDP. The IC,, of DDP for CNE1 and
CNE2 was 2.49 uM and 3.73 pM, respectively. The IC,,
of baicalein for CNE1 and CNE2 was 20.95 uM and
23.82 UM, respectively.

The Effect of Baicalein on the Cell Cycle
of CNE1 and CNE2

The effect of baicalein on the cell cycle change of
CNE1 and CNE2 cells was analyzed and shown in
Tables 1 and 2 and Figure 3. The cell cycle arrest of
40 yM DDP and 25 pM, 50 puM, 100 uM baicalein
groups in CNE1 and CNEZ2 cells occurred in the G,/G,
phase (p<0.05 compared to control), as demonstrated
by the significantly higher proportion of cells in this
phase. The proportions of cells in the G,/M phase in these
groups were significantly decreased compared with that
of control (p<0.05). The cell cycle images from flow
cytometry are shown in Figure 3.

The Effect of Baicalein on Colony and Apoptosis
of CNE1 and CNE2

As shown in Figure 4a and b, compared to control, the
number of colonies in DDP and baicalein groups were sig-
nificantly decreased (p<0.05) in CNE1 and CNE2 cells.
Figure 4c and d shows the apoptotic rates in CNE1 and
CNE2 cells. The cell apoptosis images from flow cytom-
etry are shown in Figure 5. As shown in Figure 4c, the
apoptotic rate in DDP group was 55.3+6.1%. In baicalein
groups, the apoptotic rates were 16.2+4.5%, 26.5+6.2%,
38.2+8.1%, and 46.6+£10.3% in 12.5 uM, 25 pM, 50 pM,
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Figure 2. Effects of baicalein and cisplatin (DDP) on the growth of CNE1 and CNE2 cells. The results of MTT colorimetric assay.
(a) CNEL1 treated by baicalein; (b) CNE2 treated by baicalein; (c) CNEL treated by DDP; (d) CNE2 treated by DDP. (e) The IC,
values of baicalein and DDP. Cells were treated with different dosages of baicalein or 40 uM DDP for 6 days. MTT colorimetric assay
was done every day. The mortality was calculated as: (absorbance of control well—absorbance of experimental well)/absorbance
of control well x 100%. Data are expressed as mean+SEM. *p<0.05 compared to DDP.

and 100 pM groups, respectively. As shown in Figure 4d,
in CNE2 cells the apoptotic rates were 61.6+6.5%,
17.5+4.5%, 28.4+7.4%, 45.6+10.1%, 49.3£11.6% in
DDP and 12.5 pM, 25 pM, 50 uM, 100 puM in baicalein
groups. The apoptotic rates in DDP and baicalein groups
were all significantly different from control (P<0.05).

Effect of Baicalein on Expression of Apoptosis-Related
Proteinsin CNE1 and CNE2

Western blot analysis of apoptosis-related proteins
(Mcl-1, Bcl-xI, Bax, Bad, caspase 3, 8, and 9) in the
extracted cell proteins was performed at 48 h after CNE1
cells were treated with 25 uM, 50 uM baicalein or 40 uM
DDP (Fig. 6), or at 12 h after CNEL1 cells were treated
with IC,, baicalein (20.95 uM) or IC., DDP (2.49 puM)
(Fig. 7). The representative Western blot bands are shown
in Figures 6a and 7a, while the statistical analysis results
of the fold increases of protein expression are shown in
Figures 6b and ¢ and 7b and c. The expression of both
Bcel-xI and Mcl-1 was decreased by baicalein or DDP

compared to control (p<0.05). Expression of Bax, Bad, cas-
pase 3, 8, and 9, on the other hand, was significantly increa-
sed by baicalein or DDP compared to control (p<0.05).

Effect of Baicalein on Nasopharyngeal
Carcinoma Xenografts

After the nasopharyngeal carcinoma xenograft model
was established with CNE1 or CNEZ2 cells, mice were

Table 1. Effects of Baicalein on Cell Cycle of CNEL1 Cells
(% of Total Cells)

Groups G,/G, S G,/M

Control 41.6+4.2 40.1+4.3 18.3+2.7
Cisplatin (DDP) 58.5+3.6* 39.6x+4.5 1.9+£0.5*
12.5 pM baicalein 42.6%£3.9 43.2+£5.5 142+2.6
25 UM baicalein 50.3+4.5* 38.6+4.1 11.1+1.2*
50 UM baicalein 55.6+5.4* 39.4+3.8 50+1.3*
100 UM baicalein 56.9+5.2* 38.7£3.9 4.4+£1.2*

*p<0.05 compared to control.
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Table 2. Effects of Baicalein on Cell Cycle of CNE2 Cells

(% of Total Cells)

Groups G,/G, S G,/M
Control 39.6+£3.2 38.4+3.9 22.0+2.1
Cisplatin (DDP) 57.6+£3.5* 35.7+£3.1 6.7£1.2*
12.5 uM baicalein 41.3+3.9 41.6+4.2 17.1£2.3
25 UM baicalein 49.3+3.6* 38.5+3.2 12.2+1.5*
50 uM baicalein 52.3+2.9*  37.6%4.1 10.1+1.6*
100 UM baicalein 55.9+3.1* 39.6+£4.3 45+1.3*
*p<0.05 compared to control.
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treated with 6 mg/kg DDP (positive control) or differ-
ent dosages of baicalein. On the fifth day, the tumor tis-
sue was collected and weighed. Figure 8a—f shows the
changes in tumor size, tumor weight, and relative tumor
volume, and Figure 8g and h shows the tumor inhibi-
tion rates (TIR) and T/C of nasopharyngeal carcinoma
xenografts. There was no death in each group during
the experiment. With the increase in the concentration
of baicalein, the tumor size and weight growth were
both dose-dependently inhibited (p<0.05 compared to
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Figure 3. The cell cycle images from flow cytometry.
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Figure 4. The effect of baicalein on colony and apoptosis of CNE1 and CNE2. CNE1 and CNEZ2 cells were treated with 40 uM
DDP or different dosages of baicalein for 48 h, and then the colony and apoptosis of CNE1 and CNE2 were analyzed. (a) Number
of colonies of CNE1; (b) number of colonies of CNE2; (c) apoptosis of CNEL1; (d) apoptosis of CNE2). Data are expressed as

mean + SEM. *p<0.05 compared to control.

control). According to the criteria for antitumor drug
screening, only drugs with a TIR of >30% and T/C <60%
are of significance. As shown in Figure 8g, the TIRs of
the CNE1-transplanted tumor by 1.0 mg/kg BAI, 2.0 mg/
kg BAI, and 3.0 mg/kg BAI are 29.64%, 52.39%, and
56.00%, respectively. As shown in Figure 8h, the TIRs
of the CNE2-transplanted tumor by 1.0 mg/kg BAlI,
2.0 mg/kg BAI, and 3.0 mg/kg BAI are 37.09%, 56.05%,
and 59.30%, respectively. Figure 9 shows the tumor
growth curve and mice body weight curves. The tumor
size changes are shown in Figure 9a and b, which indi-
cates that tumor size grew more slowly in the BAI
and DDP groups. The body weight changes are shown
Figure 9c and d, which shows that the body weight
dropped more slowly in BAI and DDP groups.

DISCUSSION

According to a review, of all the patients with nasopha-
ryngeal carcinoma in the world, about 80% of them are
in China, especially in southern China*?. Nasopharyngeal
carcinoma has been a major malignant tumor in Guangxi
and Guangdong provinces of China. The pathogenesis of
nasopharyngeal carcinoma is closely related to Epstein—
Barr virus®. Because of this epidemiological feature, the
incidence is higher in children and adults. Unfortunately,
both radiation and chemotherapy have serious toxic and
side effects, which seriously affect the treatment efficacy
and life quality.

At present, radiation treatment is still a primary method
for nasopharyngeal carcinoma treatment. Although radio-
therapy alone has an ideal therapeutic effect on early naso-
pharyngeal carcinoma patients, patients with advanced
nasopharyngeal carcinoma should receive a combina-
tion of radiation therapy and chemotherapy*. However,
besides eliminating tumor cells, chemotherapy could
produce toxic effects on normal tissues. It also induces
resistance to tumor cells and high rate of side effects.
Therefore, finding an inexpensive, safe therapeutic drug
with fewer side effects has become a considerable adju-
vant approach.

The effect of baicalein to treat cancer has been con-
firmed in many studies. For example, baicalein could
inhibit the cyclin D1 protein expression and delay cancer
cell growth in bladder™. In pancreatic cancer, it caused
apoptosis by decreasing the antiapoptotic protein Mcl-1".
In another study, baicalein could target c-Myc gene through
the Wnt signaling pathway to promote apoptosis™. In the
present study, the results of MTT colorimetric assay showed
that different dosages of baicalein significantly decreased
the proliferation of CNE1 and CNE2 cells. The inhibition
effect was both time and concentration dependent. This
result indicates that baicalein had the ability to inhibit the
proliferation of these two cell lines. The effect of baica-
lein on the cycle change of these two cell lines was ana-
lyzed by flow cytometry. It was shown that 25 pM, 50 UM,
100 puM of baicalein significantly increased the rate of
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Figure 5. The cell apoptosis images from flow cytometry.

cells in the G,/G, phase, but decreased the rate of cells
in the G,/M phase. These results suggested that baicalein
had the ability to reduce the number of cells entering the
mitosis and inhibit the proliferation of tumor cells.
Apoptosis, also known as “programmed cell death,”
is a series of changes in cell morphology caused by
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various biochemical events, including changes in cell
membrane symmetry, cell shrinkage, nuclear fragmen-
tation, and chromatin condensation. In recent years, the
role of Bcl-xI in apoptosis inhibition and tumorigenesis
promotion, which belongs to Class | members in the
Bcl-2 family, has attracted much attention. Mcl-1 is an
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Figure 6. Effect of 48 h treatment of baicalein on expression of apoptosis-related proteins in CNE1 and CNE2. Western blot
analysis of apoptosis-related proteins (Mcl-1, Bcl-xI, Bax, Bad, caspase 3, 8, and 9) in the extracted proteins from cells was per-
formed after CNE1 cells were treated with 25 uM, 50 pM baicalein, or 40 uM DDP for 48 h. (a) Examples of Western blots; (b) fold
increase in Mcl-1, Bcl-xl, Bax, Bad; (c) fold increase in caspase 3, 8, and 9. Data are expressed as mean+SEM. *p<0.05 compared

to control.
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Figure 7. Effect of 12-h treatment of baicalein on expression of apoptosis-related proteins in CNE1 and CNE2. Western blot analysis
of apoptosis-related proteins (Mcl-1, Bcl-xI, Bax, Bad, caspase 3, 8, and 9) in the extracted proteins from cells was performed after
CNEL1 cells were treated with IC,, concentration of baicalein (20.95 pM) or DDP (2.49 uM) for 12 h. (a) Examples of Western blots;
(b) fold increase in Mcl-1, Bcl-xl, Bax, Bad; (c) fold increase in caspase 3, 8, and 9. Data are expressed as mean+SEM. *p<0.05

compared to control.
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Figure 8. Effect of baicalein on tumor growth of CNE1- or CNE2-transplanted tumor. After the nasopharyngeal carcinoma xeno-
graft model was established with CNE1 or CNE2 cells, mice were treated with 40 uM DDP (positive control) or different dosages
of baicalein. On the fifth day, the tumor tissue was collected and weighed. (a) Tumor size of CNE1-transplanted tumor; (b) tumor
weight of CNE1-transplanted tumor; (c) relative tumor volume of CNE1-transplanted tumor; (d) tumor size of CNE2-transplanted
tumor; (e) tumor weight of CNE2-transplanted tumor; (f) relative tumor volume of CNE2-transplanted tumor; (g) tumor inhibition
rates (TIR) and T/C of CNE1-transplanted tumor; (h) TIR and T/C of CNE2-transplanted tumor. *p<0.05 compared to control.

important antiapoptotic protein. Both Mcl-1 and Bcl-2
have the function of promoting cell survival in an inde-
pendent way'. Mcl-1 can combine with Bak, Bax, and
other Bcl-2 family proteins to prevent apoptosis, as
the release of these factors may activate caspase 9 and
3, resulting in apoptosis. The caspase family is a pro-
tease system that directly leads to the disintegration of
apoptotic cells and can enzymatically inactivate apo-
ptosis inhibitors. The stimulation of apoptotic signals
activates caspases, induces oligomerization of caspase
9 precursors, and forms apoptotic bodies. The forma-
tion of apoptotic bodies activates caspase 9 and 3, which
will initiate a cascade of caspase-induced apoptosis.
In the present experiment, the Western blot analysis of

apoptosis-related proteins (Mcl-1, Bcl-xI, Bax, Bad,
caspase 3, 8, and 9) in the extracted cell proteins was
performed at 48 h after CNE1 cells were treated with
25 uM, 50 pM baicalein or 40 uM DDP, or at 12 h after
CNEL1 cells were treated with 1C,, baicalein (20.95 uM)
or IC., DDP (2.49 uM). Similar to DDP, baicalein sig-
nificantly decreased the expression of Bcl-xI and Mcl-1
compared to control. Expression of other two Bcl family
proteins, Bax and Bad, on the other hand, were signifi-
cantly increased by baicalein. Expression of caspase 3,
8, and 9 was also significantly increased by baicalein.
The expressions of both caspase 8 and 9 were increased,
suggesting that two apoptotic pathways were involved
in the proapoptotic effect of baicalein.
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Figure9. The tumor growth curve and mice body weight curves. The tumor growth curve and mice body weight were measured every
3 days. (a) Tumor size growth curve of CNE1-transplanted tumor; (b) the tumor size growth curve of CNE2-transplanted tumor; (c) the
body weight of mice with CNE1-transplanted tumor; (d) the body weight of mice with CNE2-transplanted tumor.

The nude mouse xenograft model has been applied
in the study of tumor cell cycle progression and motil-
ity, tumor growth, and radiosensitization in nasopharyn-
geal carcinoma™*. An important indicator for observing
transplanted tumor models in nude mice is the tumor
inhibition rate. In this experiment, with the increase in
the concentration of baicalein, the increase in the tumor
volume and weight was dose-dependently inhibited. The
tumor inhibition rate of baicalein on CNE1 or CNE2-
transplanted tumors was significantly increased with its
dosage. These results indicate that baicalein was effec-
tive to limit both CNE1- and CNE2-transplanted tumors.
The tumor inhibition rate in CNE2-transplanted tumors
seems higher, which suggests that CNE2-transplanted
tumor may be more sensitive to baicalein. Moreover, the
tumor size grows more slowly in BAI groups, while the
body weight drops more slowly in BAI groups, indicat-
ing that baicalein achieved satisfactory results in tumor
growth control.

In conclusion, the results showed that baicalein could
inhibit the growth and proliferation of human nasopharyn-
geal cancer cells, change their cell cycle, and induce their
apoptosis. Based on the preliminary animal experiments,
baicalein also exhibits antitumor activity. The mechanism
may involve the downregulation of Bcl-xI and Mcl-1 pro-
teins and upregulation of Bax and Bad proteins. Although
it seems that the tumor inhibition ability of baicalein is
not as good as DDP, considering the benefits of baicalein,
including fewer side effects and lower cost, it could be an
alternative medicine to treat nasopharyngeal carcinoma.
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