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Abstract. Nasopharyngeal carcinoma (NPC) is a tumor of 
epithelial origin with radiotherapy as its standard treatment. 
However, radioresistance remains a critical issue in the treat-
ment of NPC. This study aimed to investigate the effect of 
berberine on the proliferation, cell cycle regulation, apop-
tosis, radioresistance of NPC cells and whether specificity 
protein 1 (Sp1) is a functional target of berberine. Our results 
showed that treatment with berberine reduced the proliferation 
and viability of CNE-2 cells in a dose- and time‑dependent 
manner. Berberine induced cell cycle arrest in the G0/G1 
phase and apoptosis. In CNE-2 cells exposed to gamma‑ray 
irradiation, berberine reduced cell viability at various concen-
trations (25, 50, 75 and 100 µmol/l). Berberine significantly 
decreased mRNA and protein expression of Sp1 in the CNE-2 
cells. Mithramycin A, a selective Sp1 inhibitor, enhanced 
the radiosensitivity and the rate of apoptosis in the CNE-2 
cells. Berberine inhibited transforming growth factor-β 
(TGF-β)-induced tumor invasion and suppressed epithelial-
to-mesenchymal transition (EMT) process, as evidenced by 
increased E-cadherin and decreased vimentin proteins. Sp1 
may be required for the TGF-β1-induced invasion and EMT by 
berberine. In conclusion, berberine demonstrated the ability to 
suppress proliferation, induce cell cycle arrest and apoptosis, 
and enhance radiosensitivity of the CNE-2 NPC cells. Sp1 
may be a target of berberine which is decreased during the 
radiosensitization of berberine.

Introduction

Nasopharyngeal carcinoma (NPC) is a common tumor which 
originates from epithelial cells located in the nasopharynx (1). 

NPC has a complex etiology and specific world distribution, 
with most cases occuring in Southern China and Southeast 
Asia (2). Currently, radiotherapy is the standard therapeutic 
strategy for NPC (3). NPC in its early stage is highly radio-
sensitive. However, NPC usually shows radioresistance in 
the more advanced stage due to local recurrence and distant 
metastasis  (4). Therefore, investigation of the molecular 
mechanisms that enhance radiosensitivity of NPC may be 
conducive to exploring novel therapeutic strategies thereby 
consequently improving clinical outcomes.

Transforming growth factor-β (TGF-β) is a pluripotent 
cytokine that demonstrates distinct roles during tumorigenesis. 
In normal epithelial cells and early-stage cancer, TGF-β is a 
strong inhibitor of cell growth. However, in late-stage cancer, 
TGF-β increases tumor invasiveness and metastasis, thus 
contributing to tumor progression (5,6). Recently, a growing 
number of studies suggest that TGF-β signaling enhances 
the invasive and metastatic potential of various cancers by 
inducing a cellular process called epithelial-to-mesenchymal 
transition (EMT) (7). EMT is a reversible biologic program 
changing polarized epithelial cells into motile fibroblastoid 
cells. EMT is associated with increased invasion, migration, 
and cell proliferation of epithelial cancers, including NPC (8).

Berberine (2,3-methylenedioxy-9, 10-dimenthoxyproto-
berberine chloride, BBR) (Fig. 1A) is a natural isoquinoline 
alkaloid derived from Berberis species. Berberine exhibits 
a variety of pharmacological effects with antibacterial, anti-
fungal and anti-inflammatory activities (9). Recently, studies 
have shown that berberine exhibits anticancer activity in 
various cancers including NPC. Berberine can inhibit tumor 
metastasis, tumorigenicity and growth, and enhance radiosen-
sitivity of NPC via regulation of multiple pathways (10-12). 
However, the molecular mechanisms underlying the radiosen-
sitizing effects of berberine in NPC remain largely unclear.

Our laboratory previously found that specificity 
protein 1  (Sp1), a transcription factor, is overexpressed in 
NPC tissues compared with their adjacent normal tissues. 
High expression of Sp1 was found to be correlated with 
tumor invasion, distant metastasis and radioresistance in NPC 
patients (13). This indicates that Sp1 protein may mediate the 
signaling pathway of NPC radioresistance. However, currently 
there is no study concerning the regulation of Sp1 in the radio-
sensitizing effects of NPC.
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In this study, we investigated the effects of berberine on 
the proliferation, cell cycle and apoptosis of CNE-2 NPC cells, 
especially the effect on TGF-β-induced EMT which promotes 
NPC cell invasion, migration and metastasis. Our study also 
explored the roles of Sp1 in inhibition of TGF-β-induced EMT 
by berberine in NPC cells.

Materials and methods

Cell culture. The undifferentiated human NPC cell line 
CNE-2 was routinely maintained in RPMI-1640 medium 
(Invitrogen‑Gibco, Carlsbad, CA, USA) supplemented with 
10% fetal bovine serum (FBS) (Sijichun Bioengineering 
Materials Inc., Hangzhou, Zhejiang, China), 2 mM sodium 
pyruvate, 2 mM L-glutamine (Invitrogen‑Gibco), 100 U/ml 
penicillin and 100 U/ml streptomycin. Cells were cultured in 
a humid atmosphere of 5% CO2 at 37˚C. CNE-2 cells were 
digested by trypsinization after reaching confluence and were 
subcultured in new culture dishes at lower densities.

Irradiation condition. The NPC cells at the logarithmic growth 
phase were randomly divided into 96-well culture plates and 
incubated with berberine (BBR) (0, 25, 50, 75 and 100 µmol/l) 
or mithramycin A (Mith) (100 nmol/l) for 24 h. Then the cells 
were exposed to (60)Co gamma rays with various doses of 
irradiation (0, 4, 6 and 8 Gy) using a linear accelerator (Elekta, 
Stockholm, Sweden). The source-skin distance (SSD) tech-
nique was 80 cm and the depth was set at 0.8 cm to the bottom 
of the culture plates. The irradiation was performed for 72 h 
followed by MTT assay.

Cell proliferation assay. CNE-2 cells in the logarithmic growth 
phase were trypsinized and seeded in a 96-well plate at a density 
of 1x104 cells/well. After 24 h, old medium was removed and 
incubated with fresh RPMI-1640 medium supplemented with 
10% FBS and containing various concentrations of berberine 
(0, 25, 50, 75 and 100 µmol/l) for 6, 12, 24, 48 or 72 h. Cell 
viability was measured using the MTT (Sigma Chemical 
Co., St. Louis, MO, USA) assay following the manufacturer's 
instructions. To assess cell viability, 10 µl of MTT solution 
(5 mg/ml) was added into each well to incubate at 37˚C for 
4 h. Centrifugation at 1,000 x g was performed for 10 min 
to remove the supernatant, and the obtained formazan pellet 
was dissolved with 100 µl DMSO in each well. The absor-
bance at 570 nm wavelength was determined using a ELISA 
plate reader (Ricso RK201; Shenzhen Ricso Technology Co., 
Ltd., Shenzhen, China) to evaluate the amount of pellet. The 
surviving cells from each group were normalized to those of 
the controls and were expressed as percentage of cell viability. 
All experiments were repeated at least three times.

Cell cycle analysis. CNE-2 cells at the logarithmic growth 
phase were randomly seeded in 60-mm culture dishes, and 
were incubated with serum-free medium after reaching 50% 
confluence to induce cell quiescence. After 24 h, cells were 
incubated with different concentrations of berberine (0, 25, 50, 
75 and 100 µmol/l) for 24, 48 or 72 h in complete medium. Cells 
were harvested by trypsinization and centrifugation at 1,000 x g 
for 5 min, and then cells were mixed with cold 70% ethanol 
for resuspension. Then the suspension was incubated with 

1 ml propidium iodide (PI) solution (20 µg/ml PI; 100 µg/ml 
RNase A) for 30 min, and were analyzed on a flow cytometry 
(FACScan; Becton-Dickinson, San Francisco, CA, USA). Data 
were acquired from 10,000 cells and analyzed by Lysis II soft-
ware (Becton-Dickinson). The cell number in the G0/G1, S and 
G2/M phases were calculated and the respective percentages 
were calculated.

Cell apoptosis assay. CNE-2 cells were randomly seeded in 
60-mm culture dishes and incubated with various concentra-
tions of berberine (0, 25, 50, 75 and 100 µmol/l) for 24 h. Then 
cells were harvested by trypsinization from each group and 
underwent centrifugation at 1,000 x g for 5 min. The cell 
were incubated with 100 µl 1X binding buffer containing 
5 µl Annexin V and 5 µl PI (final concentration of 10 µg/ml). 
After a 15-min incubation in the dark, apoptosis of samples 
was determined by flow cytometry (FACScan; Becton-
Dickinson), and data were analyzed using CellQuest software 
(Becton‑Dickinson, Franklin Lakes, NJ, USA). At least 
10,000 events were analyzed for each sample.

Quantitative real-time polymerase chain reaction (qRT-PCR). 
CNE-2 cells were incubated with various concentrations of 
berberine (0, 100 and 300 µmol/l) for 12, 24 or 48 h, and total 
RNA was extracted using TRIzol® reagent (Life Technologies, 
Carlsbad, CA, USA) according to the manufacturer's instruc-
tions. After treatment with DNase, complementary DNA 
(cDNA) was synthesized from total RNA (2 µg) by reverse 
transcription using the SuperScript III enzyme (both from Life 
Technologies). The mRNA level of Sp1 was determined by 
qRT-PCR based on cDNA as a template using SYBR-Green 
reagent (Takara, Tokyo, Japan) in the StepOne Plus Real-Time 
PCR system (Applied Biosystems, Foster City, CA, USA). The 
PCR conditions were as follows: initial denaturation at 95˚C 
for 10 min, followed by 40 amplification cycles of denaturation 
at 95˚C for 15  sec and annealing at 60˚C for 60  sec. 
Housekeeping gene glyceraldehyde-3-phosphate dehydroge-
nase  (GAPDH) served as an internal control. Sp1 mRNA 
expression was calculated by the 2-ΔΔCt method. The primer 
sequences used in our study were as follows: Sp1 forward, 
5'-AGTTCCAGACCGTTGATGGG-3' and reverse, 5'-GTT 
TGCACCTGGTATGATCTGT-3'; GAPDH forward, 5'-GGA 
GTCCACTGGCGTCTTC-3' and reverse, 5'-GCTGATGAT 
CTTGAGGCTGTTG-3'. Relative expression of Sp1 mRNA 
was normalized to GAPDH expression. All reactions were 
performed in triplicate.

Western blotting. CNE-2 cells were incubated with different 
concentrations of berberine (0, 25, 50, 75 and 100 µmol/l) 
for 24 h, and then the cells were harvested and washed with 
ice-cold PBS three times. Cell lysates were lysed with RIPA 
buffer (150 mM NaCl, 1% NP-40, 0.5% sodium deoxycholate, 
0.1% SDS 50  mM Tris-Cl, pH  7.4) containing 20% (v/v) 
protease inhibitor cocktail (Sigma-Aldrich). Then cell lysates 
were sonicated and incubated on ice for 30 min, followed by 
centrifugation at 12,000 x g for 30 min at 4˚C for removal 
of insoluble debris. Protein concentrations were determined 
by bicinchoninic acid (BCA) protein concentration assay 
kit (Beijing Biosea Biotechnology Co., Ltd., Beijing, 
China). Proteins (50 µg) were separated on sodium dodecyl 
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sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
gels (polyacrylamide concentration 120  g/l), and then 
electrophoretically transferred to PVDF membranes (Bio-Rad 
Laboratories, Inc., Hercules, CA, USA). The membranes were 
blocked with 3% BSA in TBS-T buffer (3 g/l Tris base, 8 g/l 
NaCl, 0.2 g/l KCl, 0.1% Tween‑20, pH 7.4) at 4˚C. After that, the 
membranes were incubated with specific mouse monoclonal 
antibodies against human Sp1, E-cadherin or vimentin (Santa 
Cruz Biotechnology Inc., Santa Cruz, CA, USA) (all 1:1,000 
dilutions), and then incubated with the horseradish peroxidase-
conjugated rabbit anti-mouse secondary antibodies (IgG) 
(1:1,000 dilution) in TBS-T plus 3% BSA at room temperature 
for 1 h. The density of the targeted bands in the membranes 
was visualized using enhanced chemical luminescence 
(ECL; Pierce® ECL Plus Western Blotting Substrate; Pierce 
Biotechnology, Inc., Rockford, IL, USA), and the protein 
bands were detected by Bio-Rad ChemiDoc XRS (Bio-Rad 
Laboratories, Inc.).

Cell invasion assay. The in vitro invasion capability of the 
NCE-2 cells was measure by the Boyden chamber invasion 
assay. In this experiment, 24-well tissue culture plates were 
used with a Transwell filter membrane. The lower side of 
the filters was coated with type I collagen (0.5 mg/ml). Cells 
(5x104) were seeded on the upper side of the filter membrane in 
100 µl DMEM. Cells were incubated with TGF-β1 (5 ng/ml), 
TGF-β1+BBR (50 µmol/l), or TGF-β1+Mith (100 nmol/l). Cells 
treated with DMEM served as the control. After 48 h, cells on 

the upper surface of the filter were wiped off, and migrated 
cells on the lower part of filter membrane were stained with 
crystal violet (Sigma-Aldrich), and counted using light micros-
copy (x100 magnification) as the numbers of migrated cells. 
The migrated cells of each group were normalized to those of 
the untreated controls. Each sample was performed in three 
independent experiments.

Statistical analysis. All quantitative data are expressed 
as the mean ± standard deviation (SD) and were acquired 
from experiments that were repeated more than three times. 
Statistical analysis was performed using commercially avail-
able software (SPSS version 19.0) (SPSS, Inc., Chicago, IL, 
USA). A two-tailed unpaired Student's t-test or one-way 
analysis of variance (ANOVA) was performed to measure the 
differences between the means of the different groups. P<0.05 
was considered to indicate a statistically significant difference.

Results

Berberine inhibits the proliferation and induces cell cycle 
arrest and apoptosis in NPC cells. To evaluate the effects 
of berberine on the cell proliferation of NPC cells, an MTT 
assay was performed in CNE-2 cells treated with different 
concentrations of berberine (25, 50, 75 and 100 µmol/l) for 
72 h, or in CNE-2 cells treated with 50 µmol/l berberine for 
6, 12, 24, 48 or 72 h. Increasing concentrations of berberine 
and prolonged time from 12 to 72 h resulted in significantly 

Figure 1. Berberine inhibits cell proliferation, induces cell cycle arrest and apoptosis of nasopharyngeal carcinoma (NPC) cells. (A) Chemical structure of 
berberine hydrochloride. (B) Berberine inhibits the viability of NPC cells in a concentration-dependent manner. CNE-2 cells were treated with berberine at the 
indicated concentrations (0, 25, 50, 75 and 100 µmol/l) for 72 h, and the cell viability was then determined by MTT assay. (C) Berberine inhibits the viability of 
NPC cells in a time-dependent manner. CNE-2 cells were treated with 100 µmol/l berberine for 6, 12, 24, 48 or 72 h. All data are expressed as the mean ± SD 
values from three independent experiments and were compared using a two-tailed, unpaired t-test. Cell viability was normalized to that of the untreated control 
cells. (D) Berberine induced cell cycle arrest at the G0/G1 phase in NPC cells in a concentration-dependent manner. CNE-2 cells were treated with berberine 
at various concentrations (0, 25, 50, 75 and 100 µmol/l) for 72 h, and then were stained with propidium iodide (PI; 20 µg/ml) to determine the percentages of 
cells in the G0/G1, S and G2/M phases. (E) Berberine induced cell cycle arrest in the G0/G1 phase of NPC cells in a time-dependent manner. CNE-2 cells 
were treated with 100 µmol/l berberine for 24, 48 or 72 h, followed by PI staining. (F) Berberine induced cell apoptosis in NPC cells. CNE-2 cells were treated 
with various concentrations of berberine (0, 25, 50, 75 and 100 µmol/l) for 24 h. Significant difference from the control group (berberine concentration is 0; or 
berberine treatment time is 0) is denoted by *P<0.05.
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reduced cell viability in the CNE-2 cells (Fig. 1B and C). This 
indicates that berberine inhibited NPC cell proliferation in a 
concentration- and time‑dependent manner.

To investigate whether the berberine-induced decrease in 
CNE-2 cell viability was associated with cell cycle regulation, 
we analyzed the cell cycle of CNE-2 cells by PI staining in flow 
cytometry. CNE-2 cells were treated with various concentra-
tions of berberine (0, 25, 50, 75 and 100 µmol/l) for 72 h, or 
treated with 50 µmol/l berberine for 24, 48 or 72 h. Berberine 
significantly increased the percentage of cells in the G0/G1 
phase at concentrations of 50, 75 and 100 µmol/l for 72 h, and 
at 50 µmol/l for 24, 48 and 72 h (P<0.05) (Fig. 1D and E). 
However, the percentage of cells in the G2/M phase remained 
unchanged after berberine treatment.

We further measured cell apoptosis in CNE-2 cells to 
explore whether reduced cell viability was caused by cell 
death. CNE-2 cells were treated with various concentrations 
of berberine (0, 25, 50, 75 and 100 µmol/l) for 24 h. Berberine 
induced cell apoptosis of the CNE-2 cells in a concentra-
tion‑dependent manner (P<0.05) (Fig. 1F).

Berberine sensitizes NPC cells to radiation. To evaluate the 
effects of berberine on the radiosensitivity of NPC cells, an 
MTT assay was performed. CNE-2 cells were treated with irra-
diation (4, 6 and 8 Gy) alone or irradiation with berberine (25, 
50, 75 and 100 µmol/l) pretreatment for 3 h. After irradiation 
for 72 h, cell viability was measured. Berberine significantly 
reduced the proliferation and cell viability of the NPC cells 

following various doses of irradiation (P<0.05) (Fig. 2A-D). 
This indicates that berberine markedly enhanced the radiosen-
sitivity of CNE-2 cells.

Sp1 is a direct target of berberine and is involved in NPC-cell 
radioresistance. To investigate the molecular mechanism 
underlying enhanced radiosensitivity of NPC cells by 
berberine, we performed qRT-PCR and western blotting to 
measure the Sp1 mRNA and protein expression in CNE-2 
cells following incubation with berberine. qRT-PCR showed 
that berberine decreased Sp1 mRNA in a time-dependent 
manner (P<0.05) (Fig. 3A). However, treatment with berberine 
at two concentrations (50 and 100 µmol/l) showed similar Sp1 
mRNA levels in the NPC cells at a 12-, 24- and 48-h incuba-
tion. Western blotting showed that berberine decreased Sp1 
protein in a concentration‑dependent manner after a 24-h 
incubation (P<0.05) (Fig. 3B).

To investigate whether decreased Sp1 expression partici-
pates in the enhanced radiosensitivity of CNE-2 cells by 
berberine, we analyzed the effect of mithramycin A, a Sp1 
specific inhibitor, on the radiosensitivity and apoptosis of NPC 
cells. CNE-2 cells were treated with irradiation (4, 6 and 8 Gy) 
alone or irradiation with a 3-h pretreatment of mithramycin A 
(100 nmol/l). Mithramycin A significantly reduced the cell 
viability of the NPC cells following various doses of irradiation 
(P<0.05) (Fig. 3C). Furthermore, mithramycin A increased the 
apoptotic rate in the CNE-2 cells treated with irradiation at 
4 Gy (P<0.05) (Fig. 3D). This indicates that Sp1 is a molecule 

Figure 2. Effects of berberine pretreatment followed by irradiation on the viability of nasopharyngeal carcinoma (NPC) cells. CNE-2 cells were treated with 
irradiation (4, 6 and 8 Gy) alone or irradiation with a 3-h pretreatment of berberine. After irradiation for 72 h, MTT assay was performed to measure cell 
viability. Berberine at concentrations of (A) 25, (B) 50, (C) 75 and (D) 100 µmol/l all markedly enhanced the radiosensitivity of the CNE-2 cells. All data are 
expressed as mean ± SD values from three independent experiments. Significant difference from the irradiation alone group is denoted by *P<0.05.
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essential for the radioresistance of NPC cells and decreased 
Sp1 expression may be involved in the radiosensitivity induced 
by berberine.

Berberine suppresses tumor invasion and EMT by decreasing 
Sp1 expression in NPC cells. In order to explore the detailed 
pathway regulated by Sp1 in the berberine-induced enhanced 
radiosensitivity of NPC cells, we aimed to confirm whether 
berberine affects the tumor invasion induced by TGF-β1. 
CNE-2 cells were treated with DMEM (control group), TGF-β1 
(5 ng/ml) (TGF-β group), TGF-β1+berberine (50 µmol/l) (BBR 
group), or TGF-β1+mithramycin A (100 nmol/l) (Mith group), 
and a Boyden chamber assay was used to determine the impact 
of berberine on CNE-2 cell invasion. Tumor invasion was 
significantly increased in the TGF-β1 group than that noted 
in the control group (P<0.05) (Fig. 4A). This result showed 
that TGF-β1 promoted NPC cell metastasis. Berberine and 
mithramycin A both inhibited CNE-2 cell invasion induced by 
TGF-β1, and the differences between the TGF-β1 group and 
the BBR group or Mith group were significant (P<0.05).

We further explored whether berberine could inhibit 
TGF-β1-induced EMT. CNE-2 cells showed a mesenchymal 
phenotype after treatment with TGF-β1 (5 ng/ml) for 48 h. 
However, after adding berberine (50 µmol/l) or mithramycin A 

(100 nmol/l), the cells changed from a mesenchymal back to 
an epithelial morphology (Fig. 4B). To confirm the inhibitory 
effect of berberine on EMT, we performed western blotting 
to determine the protein expression of two EMT markers, 
E-cadherin and vimentin. Compared with the control group, 
TGF-β1 decreased the expression of epithelial phenotype 
marker E-cadherin and increased the expression of mesen-
chymal phenotype marker vimentin (P<0.05) (Fig. 4C and D). 
After treatment with berberine or mithramycin  A, the 
E-cadherin protein was increased and vimentin protein was 
decreased significantly (P<0.05). These findings indicate that 
berberine inhibited the EMT process by TGF-β1 through 
increased E-cadherin and decreased vimentin expression in 
the NPC cells, and its mechanism may be associated with 
decreased Sp1 expression.

Discussion

In the present study, we showed that berberine inhibited 
proliferation and induced cell cycle arrest in the G0/G1 
phase and apoptosis in CNE-2 cells. Berberine enhanced the 
radiosensitivity of CNE-2 cells and this was associated with 
the downregulation of Sp1 mRNA and protein expression. 
Furthermore, berberine suppressed tumor invasion and 

Figure 3. Decreased specificity protein 1 (Sp1) expression is involved in the enhanced radiosensitivity of berberine in nasopharyngeal carcinoma (NPC) cells. 
(A) qRT-PCR showed that berberine decreased the Sp1 mRNA level in the NPC cells. CNE-2 cells were treated with various concentrations of berberine (0, 
100 and 300 µmol/l) for 12, 24 or 48 h. (B) Western blotting showed that berberine decreased the Sp1 protein level in the NPC cells. Berberine (100 µmol/l) 
was incubated with CNE-2 cells for 24 h. Significant difference from the control group (berberine treatment time is 0; or berberine concentrations is 0) is 
denoted by *P<0.05. (C) Mithramycin A (Mith) enhanced the radiosensitivity of CNE-2 cells. CNE-2 cells were treated with irradiation (4, 6 and 8 Gy) alone 
or irradiation with Mith (100 nmol/l) pretreatment for 3 h, and then grown for 3 days. Significant difference from the irradiation alone group is denoted by 
*P<0.05. (D) Mith increased the apoptotic rate in CNE-2 cells treated with irradiation. CNE-2 cells were treated with irradiation (4 Gy) alone, irradiation with 
berberine (BBR; 100 µmol/l) pretreatment, or irradiation with Mith (100 nmol/l) pretreatment for 3 h. Significant difference from the control group is denoted 
by *P<0.05. Significant difference from the irradiation alone group is denoted by ﹟P<0.05.
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EMT of CNE-2cells induced by TGF-β1, as evidenced by 
increased expression of epithelial marker E-cadherin and 
decreased expression of mesenchymal marker vimentin. 
Selective inhibition of Sp1 by mithramycin  A enhanced 
radiosensitivity and inhibited tumor invasion and EMT of 
CNE-2 cells induced by TGF-β1. Therefore, Sp1 participates 
in the enhanced radiosensitivity induced by berberine and 
is required for TGF-β1-induced invasion and EMT of NPC 
cells.

Radioresistance is the primary cause of poor prognosis 
of advanced-stage NPC. Therefore, biomarkers with 
radiosensitizing effects have been widely explored to improve 
the clinical outcome of NPC (14). We found that berberine 
enhanced the radiosensitivity of NPC cells, which may 
be associated with reduced proliferation, cell cycle arrest 
and apoptosis of NPC cells. The results of our study are 
consistent with other studies showing the radiosensitizing 
effects of berberine in NPC, which was associated with 
decreased expression of hypoxia‑inducible factor-1α (12). In 
fact, berberine was found to enhance the radiosensitivity of a 
variety of cancers, including esophageal, breast, esophageal 
squamous and prostate cancers (15-18). This indicates that the 
radiosensitizing effects of berberine are universal in many 
types of cancers, and its mechanism in cancers including NPC 
warrants extensive investigation.

In the present study, we firstly found that berberine 
can downregulate Sp1 expression in NPC cells, which is 
involved in the radiosensitizing effects of berberine. Sp1 is 
one transcription factor and can bind GC/GT-rich promoter 
elements and regulate the promoter activity of multiple genes 
involved in cell cycle, differentiation and oncogenesis (19). In 
NPC cells, Sp1 cooperates with c-MYC to bind the promoter 
of the BMI1 gene and participates in the pathogenesis of 
NPC  (20). In fact, Sp1  was overexpressed in advanced 
NPC tissues and downregulation of  Sp1 inhibited cell 
proliferation and clonogenicity of NPC cells (21). Sp1 DNA 
binding was increased within 30 min after ionizing radiation 
in radioresistant human malignant melanoma  (U1-Mel) 
cells  (22), which indicates that Sp1 may participate in the 
induction of genes in radioresistance. However, currently there 
are few studies concerning the association between Sp1 and 
the radioresistance of cancers. Our previous study found a 
correlation between high expression of Sp1 and radioresistance 
of NPC  (13). Furthermore, this study confirmed Sp1 as a 
therapeutic target of the radiosensitizing effects on  NPC 
induced by berberine.

EMT is a cellular process characterized by decreased 
cell-cell adhesion and increased cell motility, and is involved 
in cancer progression, metastasis and increased resistance to 
radiotherapy (23). EMT not only decreases the radiosensitivity 

Figure 4. Berberine suppresses tumor invasion and EMT process by decreasing Sp1 expression in NPC cells. CNE-2 cells were treated with TGF-β1 (5 ng/ml), 
TGF-β1+BBR (50 µmol/l), or TGF-β1+Mith (100 nmol/l). Cells treated with DMEM served as the control. (A) Berberine inhibited tumor invasion of NPC cells 
induced by TGF-β1. The invasive capability of CNE-2 cells was measured by Boyden chamber assay. Cells were seeded on the upper side of well plates fol-
lowed by serum starvation. After 48-h incubation of TGF-β1, BBR or Mith, cells that had migrated to the lower side of the well plates were counted, and values 
were normalized to the untreated controls. Cell invasion was enhanced by TGF-β1 treatment, and was attenuated by BBR or Mith treatment. (B) Berberine 
inhibited EMT morphology of the NPC cells induced by TGF-β1 at 48 h. Control CNE2 cells displayed classical epithelial morphology, and TGF-β1-treated 
cells showed a mesenchymal-like phenotype. Berberine and Mith inhibited the EMT process induced by TGF-β1. (C) Protein levels of E-cadherin and 
vimentin were measured by western blot assay in the CNE-2 cells. One representative figure is shown from three independent experiments. (D) Effects of 
berberine on EMT marker genes in the TGF-β1-treated CNE-2 cells. The density of the protein bands were converted into grayscale values and normalized to 
that of the internal control β-actin. Results are expressed as mean ± SD. Western blot analysis was performed 24 h after treatment. β-actin served as the loading 
control. Significant difference from the control group is denoted by *P<0.05. Significant difference from the TGF-β1 group is denoted by ﹟P<0.05.
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of cancers but also can be induced by radiation itself. Therefore, 
inhibition of EMT is an effective therapeutic strategy for 
enhancing the radiosensitivity of cancers  (24). Berberine 
has been reported to suppress EMT in lung cancer, cervical 
cancer, prostate cancer and NPC (25-28). However, whether 
inhibition of EMT is involved in the radiosensitizing effects 
of berberine remains unclear. This study found that berberine 
inhibited TGF-β1‑induced EMT in NPC cells, and increased 
epithelial marker E-cadherin and decreased mesenchymal 
marker vimentin. It has been reported that E-cadherin loss 
in EMT promotes radioresistance in human tumor cells (29). 
Therefore, in our study increased E-cadherin and decreased 
EMT may also have induced the radiosensitizing effects of 
berberine. In addition, EMT is an inducer of tumor invasion. 
In the present study, berberine inhibited CNE-2 cell invasion 
induced by TGF-β1, and suppression of EMT may be an 
important cause of this decreased invasion. This indicates that 
in NPC cells, berberine inhibits the EMT process, and subse-
quently enhances radiosensitivity and decreases invasion.

To further explore the detailed mechanism through which 
berberine suppresses EMT, we treated NPC cells with mith-
ramycin A, a selective Sp1 inhibitor. We found that inhibition 
of Sp1 enhanced radiosensitivity and suppressed invasion 
and EMT, which was similar to the effects of berberine. This 
indicates that Sp1 lies in the upstream of EMT and radioresis-
tance in NPC cells. The relationship between Sp1 and EMT 
is unclear. It was reported that Sp1 is essential to maintain an 
epithelial state and inhibits the EMT process (30). However, 
other studies demonstrated a significant inhibitory effect on 
EMT by the silencing Sp1 (31). Sp1 can also cooperate with 
ZEB2 to activate mesenchymal genes and promote EMT (32). 
The controversial effect of Sp1 on EMT may be caused by 
the fact that Sp1 is a transcription factor and can activate or 
repress various genes. In fact, Sp1 mainly acts as a promoter 
of EMT. High expression of Sp1 has been reported to enhance 
invasion and migration in lung, breast, ovarian and pancreatic 
cancer (33-36). Therefore, targeting and silencing of Sp1 can 
inhibit the invasion and migration of cancers (37,38). Our study 
presents berberine as a novel agent by inhibition of Sp1, and 
suppressed EMT and invasion and enhanced radiosensitivity 
of NPC. We also hypothesize a signaling pathway Sp1-EMT-
radioresistance in epithelial cancers, at least in NPC.

In conclusion, the present study confirmed berberine as 
a radiosensitizing agent for NPC, and the underlying mecha-
nism is associated with inhibition of Sp1, EMT and invasion. 
Our study demonstrated the regulation of Sp1 by berberine 
and suggests that Sp1 may be one important promoter of 
radioresistance in epithelial cancers. Our study provides new 
insights into the regulation of Sp1 and EMT in radioresis-
tance and cancer migration and progression. Further study 
is needed to explore the detailed mechanisms through which 
Sp1 promotes EMT and radioresistance in NPC and other 
epithelial cancers.
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