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Objective(s): This study aimed to investigate the mechanism of the anticancer effect of theaflavin (TF) 
in nasopharyngeal carcinoma.
Materials and Methods: CNE2 cells were used to study the anticancer effect of TF. This study used 
Cell Counting Kit-8 (CCK8) assay on proliferation and used flow cytometry to detect apoptosis. 
The protein expression of Bcl-2, Bax, caspase 3, and caspase 9 was detected by Western blot, and 
autophagy-related proteins were also detected.
Results: TF inhibited proliferation of CNE2 cells, promoted apoptosis, and up-regulated the expression 
of caspase 3, caspase 9, and Bax, and decreased the level of Bcl-2. Unexpectedly, TF induced 
autophagy rather than inhibiting autophagy through up-regulating the levels of the autophagy marker 
light chain 3 (LC3) and Lysosomal-associated membrane protein 1 (LAMP1) and reducing levels of 
the autophagosome cargo protein p62, and the effect was via the mTOR pathway. Besides, autophagy 
inhibitor Chloroquine (CQ) suppressed the effect of TF on Bax, Bcl-2 and activation of caspase 3 and 
caspase 9.
Conclusion: TF promoted apoptosis of nasopharyngeal carcinoma cells, the mechanism was 
unexpectedly involved in inducing autophagy.
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Introduction
Nasopharyngeal carcinoma is an uncommon cancer 

generated from the nasopharynx epithelium. This cancer 
has a different kind of differentiation and can usually be 
found at Rosenmüller’s fossa. According to the WHO 
categorization, it can be classified into three groups: 1. 
Non-keratinizing differentiated type; 2. Non-keratinizing 
undifferentiated type; and 3. Keratinizing type (1). In the 
development of nasopharyngeal carcinoma, in addition to 
genetic predisposition and Epstein-Barr virus infection, 
environmental factors and diet are also considered to play 
important roles (2, 3). Therefore, it is of great significance to 
study the pathogenesis and prevention of nasopharyngeal 
carcinoma.

Radiotherapy and chemotherapy are effective methods 
for nasopharyngeal carcinoma. However, patients with 
advanced and well-differentiated nasopharyngeal carcinoma 
have low sensitivity to radiotherapy and poor prognosis(4). 
Therefore, there is an urgent need to seek more efficient 
treatment methods and drugs for the clinical treatment of 
nasopharyngeal carcinoma.

Polyphenols are found in many plants and have many 
anticancer properties, including inhibition of cancer cell 
proliferation, tumor growth, angiogenesis, metastasis, 
inflammation, and induction of cell apoptosis. Theaflavin is 
a polyphenol compound that has many biological activities, 
such as antitumor, antivirus, and anti-free radical oxidation 
activities, and inhibits lipid peroxidation. In recent years, 

it has been found that theaflavin (TF) can inhibit the 
proliferation of a series of human tumor cells by inducing 
apoptosis (5-10).

Autophagy is a type of programmed cell death that 
parallels apoptosis and necrosis (11). Recent studies have 
found that abnormal autophagy signaling pathways are 
closely related to the occurrence and development of tumors 
(12, 13). Generally, autophagy impedes the induction of 
apoptosis, however, it may play a useful role in inducing 
apoptosis in some special cases (14). Moderate autophagy 
allows cells to adapt to unfavourable factors, which is 
beneficial to the survival of tumor cells, but excessive 
autophagy can damage organelles and cause autophagic 
cell death (15, 16). Therefore, autophagy has also become a 
research hotspot as a common target for new treatments for 
tumors and other diseases (17-20). 

Recent studies have found that theaflavins can 
induce autophagy (21). The effect of TF on autophagy in 
nasopharyngeal carcinoma cells has not been reported. 
Therefore, it is important to elucidate the antitumor effects 
of TF on nasopharyngeal carcinoma and its possible 
mechanism. In this study, we studied the effects of theaflavins 
on the proliferation and autophagy of nasopharyngeal 
carcinoma CNE2 cells. The possible mechanism of its anti-
nasopharyngeal carcinoma was further explored to provide 
a theoretical basis for the research and application of 
theaflavins in the treatment of nasopharyngeal carcinoma. 
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Materials and Methods
Chemicals and reagents

Theaflavin (No. A0954, CAS: 4670-05-7 3, purity ≥ 98%, 
Chengdu Must Biotechnology Co., Ltd. Chengdu, China) 
and Cell Counting Kit 8 (WST-8/CCK-8) (ab228554) 
were purchased from Abcam. Dulbecco’s modified 
Eagle’s medium (DMEM) and chloroquine (C6628) were 
purchased from Sigma-Aldrich. Torin1 (2273–5) was 
purchased from Bio Vision Inc. Fetal bovine serum (10270–
106) was purchased from Life Technologies. SDS (L3771) 
was purchased from Sigma-Aldrich. The Clonogenic 
Assay Kit (CA-001, Biopioneer), Apoptosis Kit (V13242, 
Thermo Fisher), Lipofectamine™ 3000 Transfection Reagent 
(L3000075, Thermo Fisher), and LC3, p62, LAMP1, mTOR, 
p-mTOR, P70S6K, p-P70S6K, caspase 3, caspase 9 and 
β-actin antibodies were all purchased from Cell Signaling 
Technology.

Cell viability assay
To evaluate cytotoxicity, a Cell Counting Kit-8 assay was 

performed to evaluate cell viability. CNE2 cells were seeded 
into 96-well culture plates and incubated with theaflavin (5, 
10, 20, 40, 80, or 160 μM) for 24, 48, or 72 hr. Then, 10 μl of 
CCK-8 was added, and the cells were incubated for another 
3 hr. The absorbance of CCK-8 was measured at 450 nm.

Colony formation assay
CNE2 cells were cultured to the logarithmic growth 

phase, put into a 6-well plate to attain a cell density of 500 
cells per well, and placed into a CO2 incubator for culture. 
After 24 hr, different concentrations of TF (20, 40, or 80 μM) 
were added, and the culture medium was changed every 2 
days. After 2 weeks, the medium was discarded, washed 
twice with PBS, fixed with 4% paraformaldehyde for 15 
min, and stained with crystal violet for 30 min. The colony 
formation number was calculated.

Cell apoptosis assay
CNE2 cells were treated with different concentrations 

of theaflavin (20, 40, or 80 μM) for 48 hr. The cells were 
collected and washed with phosphate-buffered saline (PBS) 
3 times. Then, the cells were stained with a propidium iodide 
annexin V FITC apoptosis detection kit. Finally, apoptosis 
was analyzed by flow cytometry (BD Biosciences, Franklin 
Lakes, NJ).

Terminal deoxynucleotidyl transferase dUTP nick end 
labeling (TUNEL) assay

CNE2 cells were treated with Sepin-1 for 24 hr and then 
separated and rotated into slides. The cells were then fixed, 
permeabilized, and labeled by following the protocol for the 
ApopTag ISOL Dual Fluorescence Apoptosis Detection Kit 
(DNase Types I & II). The slides were examined under a 
fluorescence microscope.

Immunoblotting
The cells were first rinsed on ice with cold PBS and then 

lysed in ice-cold 1x lysis buffer with a phosphatase inhibitor 
and protease inhibitor mixture. The soluble contents 
extracted from cell lysates were isolated by centrifugation 
at 14000 rpm for 30 min in a centrifuge. To determine the 
p62 levels, 1% SDS was mixed into lysis buffer to identify the 
whole cellular pool. The proteins were denatured by boiling 
at 95 °C for 10 min, isolated by 12% to 18% SDS-PAGE, and 
transferred to a nitrocellulose membrane. The membrane 

was then blocked in TBS-T buffer with 5% nonfat milk 
(TBS containing 0.05% Tween-20) and incubated overnight 
at 4 °C with primary antibodies (LC3, 1:5000; p62, 1:3000; 
LAMP1, 1:1000; mTOR, 1:1000; p-mTOR, 1:1000; P70S6K, 
1:1000; p-P70S6K, 1:500; caspase 3, 1:1000; caspase 9, 1:1000 
and β-actin, 1:10000). Then, the membrane was incubated 
for 1 hr using secondary antibodies. The ECL kit was used to 
test the protein signals and analyze the results.

RFP-GFP-LC3 plasmid transfection and 
immunofluorescence assays

Cells in 24-well plates were plated on coverslips. CNE2 
cells were transfected with the RFP-GFP-LC3 plasmid using 
Lipofectamine 3000 following the protocol. The cells were 
treated with TF for 48 hr after transfection for 24 hr. The 
coverslips were rinsed three times with PBS after treatment 
with TF, fixed with 4% paraformaldehyde (PFA) for 10 
min, permeated with 0.25% Triton X-100 for 10 min, and 
blocked with 1% BSA in PBS for 1 hr. After three washes, 
the slices were then stained with DAPI. Under an Eclipse 80i 
fluorescence microscope, the number of LC3 puncta per cell 
was calculated and quantified.

Statistical analysis
Statistical analysis was performed using GraphPad 

Prism 8.0 software, each value corresponds with data from 
three independent experiments, expressed as the mean ± 
standard deviation (SD). One-way ANOVA was used for 
comparisons between groups, and Tukey’s test was used for 
multiple comparisons. Significance was set at P<0.05.

Results
Effects of TF on the viability of CNE2 cells

As shown in Figure 1, there was less toxicity of TF on 
normal cells (Human umbilical vein endothelial cells, 
HUVECs); and the viability of CNE2 cells was detected 
by a CCK-8 kit. Cells were treated with different dosage 
of TFs (0, 5, 10, 20, 40, 80, or 160 μM) at different times 
(24, 48, or 72 hr). Our results revealed that the CNE2 cells 
were remarkably inhibited in a dose dependent manner 
and this inhibitory effect reached a peak at the dose of 160 
μM (76.67% of the ctrl group). Besides, 20 and 40 μM TF 
significantly inhibited CNE2 cell viability at 48 and 72 hr and 
80, and 160 μM TF markedly suppressed the proliferation of 
CNE2 cells at all time 

Effects of TF on the cell colony formation ability of CNE2 
cells

As shown in Figure 2, the effect of TF on the colony 
formation ability of CNE2 cells was detected. Consistently, 
the results revealed that the number of colonies formed 
was reduced when the cells were treated with TF in a dose-
dependent manner, and the high concentrations (40 and 
80 μM) generated a significant result compared with the 
control group, the number of clones reduced by 20.39% and 
63.17%, respectively.

The effect of TF on apoptosis of CNE2 cells
To further explore the suppressive effect of TF, we 

executed an apoptosis assay by flow cytometry. Treatment 
with TF markedly increased the apoptosis of CNE2 cells 
in a dose-dependent manner. The high concentrations 
(40 and 80 μM) of TFs dramatically raised the apoptotic 
rates compared with the control group (Figures 3A and 
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C). To detect the effect of TFs on DNA fragmentation, we 
performed terminal deoxynucleotidyl transferase dUTP 
nick end labeling (TUNEL). The results showed that the 
high concentrations (40 and 80 μM) of TF significantly 
increased the number of TUNEL-positive cells (Figures 3B 
and D). These results indicated that TF increased apoptotic 
DNA fragmentation.

TF induced caspase-dependent apoptosis
Apoptosis has two kinds of pathway: caspase-dependent 

and caspase-independent (22). Western blotting results 
revealed that TF regulated apoptosis in the caspase-
dependent pathway. As shown in Figure 4, CNE2 cells were 
treated with different concentrations of TF, and apoptosis-
related proteins, such as caspase 3, caspase 9, Bax, and Bcl-2, 
were detected. High concentrations of TF (40 and 80 μM) 
significantly increased the expression of caspase 3, caspase 
9, and Bax and remarkably reduced the expression of Bcl-
2 compared with the control group (*P<0.05, **P<0.01). 
After the treatment of TF 40 μM, the protein levels of 
caspase 3, caspase 9, and Bax were significantly elevated 
by115.92%,105.57%, and125.24% as compared with the 
control group, and TF 80 μM increased the three kinds of 
protein levels by 116.98% and 114.61% compared with the 

control group. These results indicated that TF treatment 
could lead to a cascade of reactions in CNE2 cells that 
caused apoptosis and regulated apoptosis in a caspase-
dependent pathway.

TF regulates the autophagy markers in CNE2 cells 
unexpectedly

Generally, apoptosis-related caspase activation shuts off 
the autophagic process (14). Surprisingly, TF enhanced 
autophagy rather inhibited autophagy. As shown in Figure 
5, the Western blot results showed that treatment with TF 
for 48 hr up-regulated LAMP1 and LC3B-II expression 
and down-regulated p62 expression in a dose-dependent 
manner. LC3B-II is the autophagosome- or phagophore-
associated form of MAP1LC3B/LC3B, which is an important 
marker for autophagy. The level of LC3B-II significantly 

 

  Figure 1. Effect of theaflavin (TF) on the viability of CNE2 cells. (A) Structure of TF. (B) Chromatogram of TF detected by high-performance liquid 
chromatography (HPLC). (C, D, E, F) Cell viability was tested by the CCK-8 assay method. (C) Effect of TF on normal cells (HUVECs) for 72 hr, (D-F) Effect 
of TF on CNE2 cells. The data are presented as the mean ± SD from three independent experiments. *P<0.05, **P<0.01, compared with the control group

 

  

Figure 2. Effect of theaflavin (TF) on the cloning ability of CNE2 cells 
detected by a cell colony formation test. (A) Colonies were formed by 
CNE2 cells after treatment with TF at different concentrations (20, 40, or 
80 μM). (B) Data are presented as the mean ± SD from three independent 
experiments. *P<0.05 and **P<0.01, compared with the control group

 

  

Figure 3. Effect of theaflavin (TF) on apoptosis of CNE2 cells detected 
by flow cytometry and a TUNEL assay in CNE2 cells after treatment with 
TF. (A) Apoptosis of CNE2 cells was analyzed by Annexin V-FTIC and 
PI double staining after treatment with TF at different concentrations (20, 
40, or 80 μM) for 48 hr. (B) CNE2 cells were treated with TF at different 
concentrations (20, 40, or 80 μM) for 48 hr, fixed and treated with the 
TUNEL system, and images were taken from six random fields. (C-D) 
Data are presented as the mean ± SD from three independent experiments. 
*P<0.05 and **P<0.01, compared with the control group
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increased when treated with TF at a concentration of 20, 
40, or 80 μM compared with the vehicle control (*P<0.05 
and **P<0.01). The level of LAMP1 significantly increased 
while the level of p62 significantly decreased when treated 
with TF at a concentration of 40 or 80 μM compared with 
the control group (*P<0.05 and **P<0.01). These results 
indicated that TF induced autophagy.

TF promotes autophagosome flux
Measuring autophagy flux is essential to understanding 

the whole process of autophagy. To detect the autophagy flux, 
CNE2 cells were transfected with the RFP-GFP-LC3 plasmid. 
As shown in Figure 6 These cells were then treated with TF 
(80 μM), and Torin1 was used as a positive control. After 
treatment for 48 hr, the number of red puncta was found to be 
significantly increased in cells treated with TF compared with 
the control group (*P<0.05 and **P<0.01). This phenomenon 
indicated that TF enhanced autophagy flux.

Inducing the autophagy effects of TF is dependent on the 
mTOR pathway

The mTOR pathway is the main regulatory pathway for 
autophagy. To test whether TF induced autophagy through 
the mTOR pathway, we examined the phosphorylation of 
mTOR and RPS6KB1/p70S6K, which is a downstream 
target of the mTOR pathway. The results showed that TF 

 

  Figure 4. (A) Expression of cleaved caspase 3, caspase 9, Bax, and Bcl-2 proteins in CNE2 cells treated with different concentrations of TF (20, 40, or 
80 μM) for 48 hr. (B) Quantification results of Western blot band intensities by ImageJ2X. Data are presented as the mean ± SD from three independent 
experiments. *P<0.05 and **P<0.01, compared with the control group

 

  

Figure 5.Theaflavin (TF)  induces autophagy in CNE2 cells. (A) Western 
blotting results of LAMP1, p62, and LC3B. CNE2 cells were treated with 
TF at different concentrations (20, 40, or 80 μM) for 48 hr, and the control 
group was treated with a vehicle. (B) Quantification results of Western blot 
band intensities by ImageJ2X. The data are presented as the mean ± SD 
from three independent experiments. *P<0.05 and **P<0.01, compared 
with the control group

 

  
Figure 6. Autophagic flux represented by RFP-GFP-LC3-positive puncta was induced by theaflavin (TF) and Torin1 (as a positive control). (A) RFP-GFP-LC3 
plasmid was transfected into CNE2 cells for 48 hr, and then the cells were treated with 80 μM TF and 150 nM Torin 1 for 48 hr. The control group was treated with 
the vehicle. (B) The number of LC3 puncta per cell was calculated and quantified. Quantification of Western blot band intensities was determined by ImageJ2X. 
The data are presented as the mean ± SD from three independent experiments. *P<0.05 and **P<0.01, compared with the control group
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remarkably reduced the phosphorylation of mTOR and 
RPS6KB1/p70S6K compared with the control group (Figure 
7). These results suggested that TF regulated autophagy in 
an mTOR-dependent manner.

The autophagy inhibitor CQ blocks the effect of TF on 
apoptosis-related proteins

After treatment with the autophagy inhibitor CQ, the 
effects of TF on apoptosis-related proteins were blocked. 
When CNE2 cells were treated with TF alone, the expression 
of caspase 3, caspase 9, and Bax was increased, and the 
expression of Bcl-2 was reduced significantly compared with 
the control group (*P<0.05 and **P<0.01) (Figure 8). When 
cotreated with CQ, these changes were all blocked. These 
results indicated that blocking autophagy could debilitate 
the effect of TF on the apoptosis process in CNE2 cells.

Discussion
Nasopharyngeal carcinoma is a malignant tumor that 

naturally occurs in the epithelial cells of the nasopharyngeal 
mucosa (23). It is highly malignant and has the characteristics 
of early metastasis, which seriously endangers the health of 
people (24). The incidence is very high in some geographical 
and ethnic populations (25). Because of the unsatisfactory 
results of chemoradiotherapy and radiation therapy, it 
is imperative to search for less toxic and naturally-based 
therapies.

TF, mainly extracted from black tea, can promote 
programmed cell death in cancer cells(10). It may be 
developed as an effective drug for nasopharyngeal carcinoma. 
Hibasami et al. reported that the effective concentration of 
TF was 180 μM (26). Our results showed that 160 μM TF 
significantly suppressed CNE2 cell proliferation at different 
time points and that 20, 40, and 80 μM TF could generate 
a remarkable effect after 48 hr of treatment. Considering 
the mechanistic research, we used 20, 40, and 80 μM 
concentrations for subsequent experiments. The cell colony 
formation experiment confirmed the ability of TF to inhibit 
the proliferation of CNE2 cells.

Apoptosis is a type of programmed cell death. A 
variety of pathological and physiological stimuli to the 
cell can generate apoptosis (27). Therefore, it is useful to 
analyze the key signaling pathways involved in apoptosis 
for drug treatment (28). Bcl-2 family proteins are the key 
regulators of apoptosis; in this family, down-regulation 
of Bcl-2 expression can promote apoptosis and apoptotic 
function. Bax is also an important member of the Bcl-2 
family. It is a heterodimer with Bcl-2, and apoptosis can 
be enhanced by up-regulation of Bax (29). A variety of 
articles have reported that Bcl-2 and Bax proteins play an 
important role in regulating apoptosis (30-32). Our flow 
cytometry results and TUNEL assay results showed that TF-
induced apoptosis, reduced Bcl-2 protein expression, and 
significantly increased Bax protein expression, which was 

 

  

 

  

Figure 7. Theaflavin (TF) induced autophagy by inhibiting the mTOR pathway. (A) CNE2 cells were treated with TF at different concentrations (20, 40, or 80 
μM) for 48 hr. The expression of phosphorylated (p-p70S6K) and total mTOR and p70S6K was examined by Western blotting. (B) Quantification results of 
Western blot band intensities by ImageJ2X. The data are presented as the mean ± SD from three independent experiments. *P<0.05 and **P<0.01, compared 
with the control group

Figure 8. The autophagy inhibitor CQ blocks the effects of theaflavin (TF) on apoptosis-related proteins. (A) Expression of cleaved caspase 3, caspase 9, Bax, 
and Bcl-2 proteins in CNE2 cells treated with TF (80 μM) for 48 hr and cotreated with CQ (50 μM) for 24 hr. (B) Quantification results of Western blot band 
intensities by ImageJ2X. The data are presented as the mean ± SD from three independent experiments. *P<0.05 and **P<0.01, compared with the control 
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consistent with the results reported in previously published 
articles (33, 34). Caspase family proteins are essential 
mediators of apoptosis, which is a form of programmed cell 
death. Among the family members, caspase 3 is the effector 
of apoptosis, and it mainly catalyzes the specific cleavage of 
numerous important cellular proteins (35), which effectively 
leads to cell death. Caspase 9 is the initiator of apoptosis. It 
belongs to the caspase family of cysteine proteases related 
to apoptosis and cytokine processing, and its main function 
is to activate the proapoptotic protein bid (36). Our data 
showed that TF remarkably increased the expression of 
cleaved caspase 3 and caspase 9. These results indicate 
that treatment with TF leads to a series of caspase enzyme 
reactions that cause apoptosis. 

Autophagy is currently one of the hotspots in the field of 
tumor research, and it is also a new direction for treatment. 
Changes in autophagy activity can cause a variety of changes 
in tumor cells. Autophagy is a double-edged sword in the 
process of tumorigenesis and development (19). Normally, 
autophagy blocks apoptosis, and apoptosis shuts off the 
autophagy process accordingly, however, autophagy helps to  
induce apoptosis in some cases (14). Bai et al. demonstrated 
that zinc oxide nanoparticles induce apoptosis and 
autophagy in human ovarian cancer cells (37). Montani et 
al. indicated that histone deacetylase inhibitors VPA and 
TSA induce apoptosis and autophagy in pancreatic cancer 
cells (38). Zhang et al. showed that flavonoids inhibit cell 
proliferation and induce apoptosis and autophagy through 
down-regulation of PI3Kγ mediated PI3K/AKT/mTOR/
p70S6K/ULK signaling pathway in human breast cancer 
cells, they found that flavonoids induced cell cycle arrest 
at G2/M phase, apoptosis, and autophagy (39). A study 
reported that a natural compound induced apoptosis and 
autophagy in nasopharyngeal carcinoma (40). LC3B-II is the 
key marker of autophagy, which is converted from LC3B-II 
with lipid extensions. p62 is a cargo protein and a receptor 
for autophagosomes. LAMP1 is a protein of the lysosomal 
membrane that regulates the integrity of lysosomes (41). 
RFP-GFP-LC3 is an uncomplicated and quantitative way to 
assess autophagic flux (42). Herein, TF significantly increased 
the expression of LAMP1 and LC3B-II and reduced p62 
expression. In addition, TF remarkably promoted autophagic 
flux through RFP-GFP-LC3 evaluation. These results indicate 

that TF induces autophagy.
mTOR plays an important role in regulating autophagy. 

In mammalian cells, mTORC1 can phosphorylate ULK1 
and prohibit the interaction of ULK1 with AMPK, which 
is the first step of the mammalian autophagy process (43). 
p70S6K is one of the substrates of mTOR and is essential for 
autophagy. The activity of p70S6K is maintained upstream 
of mTOR, and p70S6K activates autophagy, which is 
dephosphorylated by mTOR (44). Our results showed that 
TF could significantly reduce the levels of p-mTOR and 
p-p70S6k, thus it indicated that TF regulated the mTOR 
pathway. As mentioned above, TF could induce autophagy, 
these results demonstrated that TF induced autophagy via 
the mTOR pathway.

Indeed, when we used the autophagy inhibitor CQ to 
block the autophagy induced by TF, the expression of the 
apoptosis-related proteins caspase 3, caspase 9, Bax and Bcl-
2, was not affected by TF. It revealed when autophagy was 
blocked, the cascade of apoptosis that was promoted by TF 
was abolished. These results indicated that TF exerted its 
apoptosis-inducing effects by inducing autophagy (Figure 
9). These data reveal that TF performed an imperative 
role in promoting apoptosis in vitro, but the mechanism 
of nasopharyngeal carcinoma in vivo is more complex, 
whether TF plays an equally crucial role in vivo remains 
elusive, it needs further study in the future.

Conclusion
Overall, TF suppressed the proliferation of CNE2 cells 

and induced apoptosis in a dose-dependent manner. The 
mechanism was through the regulation of apoptosis-related 
proteins and in a caspase-dependent pathway. Interestingly, 
TF also enhanced autophagy and lysosome biogenesis. In 
addition, inducing autophagy was dependent on the mTOR 
pathway. When autophagy was blocked, the effect of TF on 
apoptosis proteins was abolished. The in-depth mechanisms 
still need to be further explored. Our results uncover the 
importance of TF promoting apoptosis in enhancing 
autophagy rather than suppressing autophagy. This research 
provides a novel insight into promoting apoptosis effects 
of TF on nasopharyngeal carcinoma. It gives some useful 
implications for the treatment of nasopharyngeal carcinoma 
in clinical research.

Acknowledgment
This study was financially supported by the Science 

and Technology Department of Henan Province, China 
(201602283).

Authors’ Contributions
JX Analyzed the data, did the Western blot experiments, 

and wrote the manuscript. SJW Performed the 
immunoblotting work. SSB Did the CCK test experiment. 
XQW Achieved the TUNEL experiment. HG Designed and 
supervised the project.

Conflicts of Interest
The authors declare no conflicts of interest.

References

 

Figure 9. Overall illustration of the role and mechanism of  theaflavin 
(TF) in promoting autophagy and apoptosis in CNE2 cells. TF induced 
autophagy rather than inhibiting autophagy through up-regulating the 
levels of the autophagy marker light chain 3 (LC3) and increased the levels 
of caspase 3 and caspase 9 to promote apoptosis

1. Almomani MH, Zulfiqar H, Nagalli S. Nasopharyngeal 
Carcinoma (NPC, Lymphoepithelioma). StatPearls [Internet] 
2020.



Iran J Basic Med Sci, Vol. 25, No. 1, Jan 2022

Xu et al. Theaflavin promoted apoptosis via autophagy

74

2. Xiao Z, Chen Z. Deciphering nasopharyngeal carcinoma 
pathogenesis via proteomics. Expert Rev Proteomics 2019; 16:475-
485.
3. Lin Y-T, Lin C-C, Wang H-C, Hsu Y-C. Induction of mitotic 
delay in pharyngeal and nasopharyngeal carcinoma cells using an 
aqueous extract of Ajuga bracteosa. Int J Med Sci 2017; 14:462-469.
4. Xu T, Tang J, Gu M, Liu L, Wei W, Yang H. Recurrent 
nasopharyngeal carcinoma: a clinical dilemma and challenge. Curr 
Oncol 2013; 20:1-14.
5. Lin C-L, Huang H-C, Lin J-K. Theaflavins attenuate hepatic lipid 
accumulation through activating AMPK in human HepG2 cells. J 
Lipid Res 2007; 48:2334-2343.
6. Zhang J, Cai S, Li J, Xiong L, Tian L, Liu J, et al. Neuroprotective 
effects of theaflavins against oxidative stress-induced apoptosis in 
PC12 cells. Neurochem Res 2016; 41:3364-3372.
7. Way T-D, Lee H-H, Kao M-C, Lin J-K. Black tea polyphenol 
theaflavins inhibit aromatase activity and attenuate tamoxifen 
resistance in HER2/neu-transfected human breast cancer cells 
through tyrosine kinase suppression. Europ J Cancer 2004; 
40:2165-2174.
8. Maity R, Chatterjee M, Banerjee A, Das A, Mishra R, Mazumder 
S, et al. Gold nanoparticle-assisted enhancement in the anti-cancer 
properties of theaflavin against human ovarian cancer cells. Mater 
Sci Eng C Mater Biol Appl 2019; 104:109909-109920.
9. O’Neill EJ, Termini D, Albano A, Tsiani E. Anti-cancer properties 
of theaflavins. Molecules 2021; 26:987.
10. Adhikary A, Mohanty S, Lahiry L, Hossain DMS, Chakraborty 
S, Das T. Theaflavins retard human breast cancer cell migration by 
inhibiting NF-κB via p53-ROS cross-talk. FEBS Lett 2010; 584:7-14.
11. Ou L, Lin S, Song B, Liu J, Lai R, Shao L. The mechanisms 
of graphene-based materials-induced programmed cell death: a 
review of apoptosis, autophagy, and programmed necrosis. Int J 
Nanomedicine 2017; 12:6633-6646.
12. Li J, Liu G, Li L, Yao Z, Huang J. Research progress on the effect 
of autophagy-lysosomal pathway on tumor drug resistance. Exp 
Cell Res 2020; 389:111925-111929.
13. Liu L, Liao J-Z, He X-X, Li P-Y. The role of autophagy in 
hepatocellular carcinoma: friend or foe. Oncotarget 2017; 8:57707-
57722.
14. Marino G, Niso-Santano M, Baehrecke EH, Kroemer G. Self-
consumption: the interplay of autophagy and apoptosis. Nat Rev 
Mol Cell biol 2014; 15:81-94.
15. Yun CW, Lee SH. The roles of autophagy in cancer. International 
journal of molecular sciences 2018; 19:3466.
16. Nazio F, Bordi M, Cianfanelli V, Locatelli F, Cecconi F. 
Autophagy and cancer stem cells: molecular mechanisms and 
therapeutic applications. Cell Death Differ 2019; 26:690-702.
17. Aryal P, Kim K, Park PH, Ham S, Cho J, Song K. Baicalein 
induces autophagic cell death through AMPK/ULK1 activation 
and downregulation of m TORC 1 complex components in human 
cancer cells. FEBS J 2014; 281:4644-4658.
18. Yang ZJ, Chee CE, Huang S, Sinicrope FA. The role of 
autophagy in cancer: therapeutic implications. Mol Cancer Ther 
2011; 10:1533-1541.
19. White E, DiPaola RS. The double-edged sword of autophagy 
modulation in cancer. Clin Cancer Res 2009; 15:5308-5316.
20. Kondo Y, Kondo S. Autophagy and cancer therapy. Autophagy 
2006; 2:85-90.
21. Sekiyama K, Nakai M, Fujita M, Takenouchi T, Waragai M, Wei 
J, et al. Theaflavins stimulate autophagic degradation of a-synuclein 
in neuronal cells. J Neurosci 2012; 2:.
22. Liu G, Zou H, Luo T, Long M, Bian J, Liu X, et al. Caspase-
dependent and caspase-independent pathways are involved in 
cadmium-induced apoptosis in primary rat proximal tubular cell 
culture. PloS One 2016; 11:1-17.
23. Tabuchi K, Nakayama M, Nishimura B, Hayashi K, Hara A. 
Early detection of nasopharyngeal carcinoma. Inte J Otolaryngol 

2011; 1-6.
24. Cho WC-s. Nasopharyngeal carcinoma: molecular biomarker 
discovery and progress. Mol Cancer 2007; 6:1-9.
25. Cao S-M, Simons MJ, Qian C-N. The prevalence and 
prevention of nasopharyngeal carcinoma in China. Chin J Cancer 
2011; 30:114-1-6.
26. Hibasami H, Komiya T, Achiwa Y, Ohnishi K, Kojima T, 
Nakanishi K, et al. Black tea theaflavins induce programmed cell 
death in cultured human stomach cancer cells. Int J Mol Med 1998; 
1:725-732.
27. Lawen A. Apoptosis—an introduction. Bioessays 2003; 25:888-
896.
28. Reed JC. Mechanisms of apoptosis. Am J Pathol 2000; 157:1415-
1430.
29. Bagci E, Vodovotz Y, Billiar T, Ermentrout G, Bahar I. Bistability 
in apoptosis: roles of bax, bcl-2, and mitochondrial permeability 
transition pores. Biophysical J 2006; 90:1546-1559.
30. Fletcher JI, Meusburger S, Hawkins CJ, Riglar DT, Lee EF, 
Fairlie WD, et al. Apoptosis is triggered when prosurvival Bcl-
2 proteins cannot restrain Bax. Proc Natl Acad Sci U S A 2008; 
105:18081-18087.
31. Czabotar PE, Lessene G, Strasser A, Adams JM. Control of 
apoptosis by the BCL-2 protein family: implications for physiology 
and therapy. Nat Rev Mol Cell Biol 2014; 15:49-63.
32. Hoshyar R, Bathaie SZ, Sadeghizadeh M. Crocin triggers the 
apoptosis through increasing the Bax/Bcl-2 ratio and caspase 
activation in human gastric adenocarcinoma, AGS, cells. DNA 
Cell Biol 2013; 32:50-57.
33. Li J, Liu F, Jiang S, Liu J, Chen X, Zhang S, et al. Berberine 
hydrochloride inhibits cell proliferation and promotes apoptosis 
of non-small cell lung cancer via the suppression of the MMP2 
and Bcl-2/Bax signaling pathways. Oncol Lett 2018; 15:7409-7414.
34. Wei L, Chen Q, Guo A, Fan J, Wang R, Zhang H. Asiatic 
acid attenuates CCl4-induced liver fibrosis in rats by regulating 
the PI3K/AKT/mTOR and Bcl-2/Bax signaling pathways. Int 
Immunopharmacol 2018; 60:1-8.
35. Porter AG, Jänicke RU. Emerging roles of caspase-3 in 
apoptosis. Cell Death  Differ 1999; 6:99-104.
36. Kuida K. Caspase-9. International J Biochem Cell Biol 2000; 
32:121-124.
37. Bai D-P, Zhang X-F, Zhang G-L, Huang Y-F, Gurunathan S. 
Zinc oxide nanoparticles induce apoptosis and autophagy in human 
ovarian cancer cells. Int J Nanomedicine 2017; 12:6521-6535.
38. Montani MSG, Granato M, Santoni C, Del Porto P, Merendino 
N, D’Orazi G, et al. Histone deacetylase inhibitors VPA and TSA 
induce apoptosis and autophagy in pancreatic cancer cells. Cell 
Oncol 2017; 40:167-180.
39. Zhang H-W, Hu J-J, Fu R-Q, Liu X, Zhang Y-H, Li J, et al. 
Flavonoids inhibit cell proliferation and induce apoptosis and 
autophagy through downregulation of PI3Kγ mediated PI3K/
AKT/mTOR/p70S6K/ULK signaling pathway in human breast 
cancer cells. Sci Rep 2018; 8:1-13.
40. Pang M-j, Yang Z, Zhang X-l, Liu Z-f, Fan J, Zhang H-y. 
Physcion, a naturally occurring anthraquinone derivative, induces 
apoptosis and autophagy in human nasopharyngeal carcinoma. 
Acta Pharmacol Sin 2016; 37:1623-1640.
41.Klionsky DJ, Abdel-Aziz AK, Abdelfatah S, Abdellatif M, 
Abdoli A, Abel S, et al. Guidelines for the use and interpretation of 
assays for monitoring autophagy. Autophagy 2021; 17:1-382.
42. Kaizuka T, Morishita H, Hama Y, Tsukamoto S, Matsui T, 
Toyota Y, et al. An autophagic flux probe that releases an internal 
control. Mol Cell 2016; 64:835-849.
43. Jung CH, Ro S-H, Cao J, Otto NM, Kim D-H. MTOR regulation 
of autophagy. FEBS Lett 2010; 584:1287-1295.
44. Klionsky DJ, Meijer AJ, Codogno P, Neufeld TP, Scott RC. 
Autophagy and p70S6 kinase. Autophagy 2005; 1:59-61.


	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	Acknowledgment
	Authors’ Contributions
	Conflicts of Interest
	References

