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Epigallocatechin-3-gallate (EGCG), a frequently studied catechin in green tea, has
been shown involved in the anti-proliferation and apoptosis of human nasopharyngeal
carcinoma (NPC) cells. However, the underlying molecular mechanism of the apoptotic
effects of EGCG has not been fully investigated. Recent literature emphasized the
importance of Sirtuin 1 (SIRT1), an NADT-dependent protein deacetylase, in regulating
cellular stress responses, survival, and organismal lifespan. Herein, the study showed
that EGCG could significantly inhibit cell proliferation and promote apoptosis of 2 NPC
(CNE-2 and 5-8F) cell lines. Moreover, it was also found that SIRT1 is down-regulated
by EGCG, and the SIRT1-p53 signaling pathway participates in the effects of EGCG
on CNE-2 and 5-8F cells. Taken together, the findings of this study provided evidence
that EGCG could inhibit the growth of NPC cell lines and is linked with the inhibition
of the SIRT1-p53 signaling pathway, suggesting the therapeutic potential of EGCG in
human NPC.
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INTRODUCTION

Nasopharyngeal carcinoma (NPC) is a malignant tumor with a high incidence rate in the Southeast
Asia and Southern China (1, 2). Currently, radiotherapy combined with chemotherapy is routinely
used to control early disease progression. Due to the insidious location of NPC and lack of obvious
early symptoms, over 70% of NPC patients present with locally advanced or metastatic lesions at the
time of diagnosis (3). The effect of radiotherapy alone is unsatisfactory, so adjuvant chemotherapy
is essential. As first-line chemotherapeutic drugs for NPC, cisplatin, and paclitaxel can significantly
improve NPC’s therapeutic efficacy. But the larger doses of cytotoxic drugs often lead to severe toxic
side effects by inducing cancer multi-drug resistance and, hence, are declared the main treatment
failures (4). Therefore, it is necessary to find high-efficacy with lower toxicity chemotherapeutic
agents to improve the patients’ clinical efficacy and high survivorship.

Natural products have historically contributed to pharmacotherapy, especially for cancer and
infectious diseases (5, 6). (-)-Epigallocatechin-3-gallate (EGCG), is a polyphenolic component
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FIGURE 5 | SIRT1 knockdown aggregated the effect of EGCG on proliferation and apoptosis in NPC cell lines. Cells transfected with or without siSIRT1 were treated
with 40 uM EGCG for 48 h. (A,B) The cell viability was detected by CCK8 assay. (C~F) The cell apoptosis was detected by tunnel assay. (G,H) The mRNA expression
of Bax and Bcl-2 were determined by real-time PCR. (l,J) The protein expression of caspase 3 was analyzed by Western Blotting. *P < 0.05 and **P < 0.01 vs. the
group without treatment, #P < 0.05 vs. the group without treatment with EGCG alone, n = 5.
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FIGURE 6 | Effect of EGCG on p53-dependent apoptotic pathways in NPC Cell Lines. Cells transfected with or without SIRT1/siSIRT1 were treated with 40 uM
EGCG for 48 h. The protein expression of Ac-p53, Apaf-1, and caspase 9 was detected by Western Blotting in CNE-2 (A-D) and 5-8F (E-H) cell lines. *P < 0.05 and
**P < 0.01 vs. the group without treatment, #P < 0.05 vs. the group without treatment with EGCG alone, n = 5.

FIGURE 7 | EGCG was docked to the SIRT1 protein structure. (A) The protein structure of SIRT1. (B) Molecular docking between EGCG and SIRT1.

metabolism, inhibiting oncogene expression, and inhibiting
tumor neovascularization (27). In a clinical study on subjects
given EGCG at a single dose of 1,600 mg or 800 mg a day for
1 month, no obvious toxicity or side effects were seen except

mild gastrointestinal reactions (28, 29). However, some animal
studies reported the adverse effects linked with the consumption
of high doses of EGCG. Moreover, an oral administration of 2,000
mg/kg, e.g., Teavigo, to rats resulted in about 80% mortalities, and
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histological analysis revealed hemorrhagic lesions in the stomach
and intestine (30). In addition, high oral doses of EGCG (2,000
mg/kg) have also been reported to induce hepatotoxicity in vivo
mice models (31). Despite this, the high doses of EGCG used
in these articles have far exceeded the conventional doses used
in animals and humans, suggesting the safety of EGCG. The
EGCG significantly inhibited proliferation by inducing apoptosis
in NPC cells. These results indicated that EGCG might be a
potential chemotherapeutic agent for the treatment of NPCs.
However, the exact molecular mechanism of EGCG-mediated
inhibition of proliferation in NPC cells is not well elucidated.

A recent study has shown that EGCG could inhibit the
proliferation of the nasopharyngeal CNE-1 cell line by inhibiting
NF-kB nuclear translocation and EGFR phosphorylation (32).
Moreover, EGCG has also been reported to inhibit the migration
of the HONE-1 cell line by inhibiting the expression of MMP-
2 (33). In addition, EGCG also inhibits NPC cells’ invasion by
regulating miRNA-296 (34). However, the mechanism of EGCG
regulating the proliferation of NPC cells is still poorly known;
hence, it is necessary to explore the precise molecular mechanism
of EGCG inhibition of nasopharyngeal carcinoma cell growth.
Sirtuins are a family of NADT-dependent deacetylases involved
in the multiple biological processes, including cell survival, DNA
damage/repair, life span, and aging (35). There are seven different
sirtuins in mammals, namely, SIRT1-SIRT7 (36). Recently, the
sirtuin family has attracted much attention in cancer research,
as they play an essential role in the onset and progression
of cancer (37). SIRT1, the most extensively characterized
family member, has also been demonstrated to be involved in
cancer progression (38, 39). However, SIRT1 can function as
both a tumor promoter and tumor suppressor simultaneously,
depending on the immediate microenvironment (40). On the
one hand, SIRT1 inhibits tumor formation by inhibiting tumor

promoters such as NF-kB and c-Myc (41, 42). Furthermore,
SIRT1 may suppress tumor cell apoptosis by inhibiting tumor
suppressor genes such as P53, FOXO1, and FOXO3 (43, 44).
Among them, the first discovered non-histone target of SIRT1,
the p53 is suggested to play a central role in SIRT1-mediated
functions in tumorigenesis (18). SIRT1 physically interacts with
p53 and deacetylates p53 K382, inhibiting p53 activity, thus
enabling cells to bypass p53-mediated apoptosis help the cells
survive (43). In both of the NPC (CNE-2 and 5-8F) cell lines,
the expression of SIRT1 were significantly increased compared
with normal nasopharyngeal epithelial cells NP69, and SIRT1
overexpression could promote the proliferation and migration of
NPC cells (14). In addition, SIRT1 is a direct target of miR-34a,
and overexpression of miR-34a could increase the radiotherapy
sensitivity of nasopharyngeal CNE-1 cells by inhibiting SIRT1
(45). These results suggest that SIRT1 plays a vital role in the
developing and progression of NPCs. However, whether EGCG
inhibits NPC cells’ proliferation by regulating SIRT1 has not been
reported. Herein, it is demonstrated for the first time that EGCG
could inhibit protein expression and enzyme activity of SIRT1
in CNE-2 and 5-8F cells in a dose-dependent manner. Further
studies showed that SIRT1-p53 signaling participated in the effect
of EGCG on NPC cells.

Although it was also found that EGCG induces apoptosis in
NPC cells through SIRT1 inhibition, however, whether SIRT1
acts as an oncogene or tumor suppressor may depend on the
stages of tumor development or upstream and downstream
regulators. In some cases, whether activation of SIRT1 also could
inhibit the growth of NPC cells is still worth exploring. Moreover,
initially, the inhibitory effect of EGCG on SIRT1 was not specific
and displayed different modalities of regulation in different cell
lines. The research showed that EGCG inhibits homocysteine-
induced oxidative damage in endothelial cells by activating the

Apoptosome

FIGURE 8 | Schematic diagram of the proposed mechanisms of EGCG-induced apoptosis and anti-proliferation in NPC cell lines.
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SIRT1/AMPK pathway (46). The study also demonstrated that
EGCG inhibits hepatic cholesterol synthesis by targeting SREBP-
2 through modulation of the SIRT1/FOXO1 signaling pathway
(47). Our previous work showed that EGCG inhibited the growth
of H9C2 cardiomyocytes by suppressing the expression of SIRT1
(15). In this study, we are the pioneers to report that EGCG-
induced apoptosis in nasopharyngeal carcinoma CNE-2 cells
by inhibiting the expression and activity of SIRT1. In addition
to SIRT1, EGCG also affected other Sirtuin family proteins.
For example, previous EGCG could regulate senescence and
anti-SASP via SIRT3 in 3T3-L1 Preadipocytes (48). Moreover,
previously we reported that EGCG increased SIRT6 activity
by affecting the level of NAD (16). The regulatory role of
EGCG on other members of the Sirtuins family needs to be
further investigated.

How does EGCG carry out its inhibitory regulatory role on
the expression of SIRT1 or not? Following the literature, it is
shown that the regulation mode of SIRT1 by EGCG remained
variable in the different cell lines. It was demonstrated that
EGCG could activate SIRT1 in endothelial cells (46), while
our previous study also showed that EGCG could inhibit
SIRT1 expression in H9C2 cardiomyocytes (15). This work
demonstrated that EGCG inhibited proliferation and induced
apoptosis in NPC CNE-2 cells by downregulating SIRT1I.
However, the specific molecular mechanism by which EGCG
regulates SIRT1 expression in NPC cells is still unknown.
To clarify the regulatory mechanism of EGCG on SIRTI, at
first, the effect of EGCG on the mRNA expression of SIRT1
was examined, and no impact on the mRNA level of SIRT1
was observed, suggesting that EGCG does not inhibit the
expression and activity of SIRT1 at the transcriptional level
(Supplementary Figure S3). Therefore, the interaction between
EGCG and SIRT1 using a molecular docking approach to
clarify EGCG was the only molecule to bind directly to SIRT1
(Figure 7). However, the interaction between EGCG and SIRT1
needs to be further justified through surface plasmon resonance
(SPR) methods. Moreover, whether the binding of EGCG to
SIRT1 affects the expression and activity of SIRT1 needs to be
further investigated.

In conclusion, this study has demonstrated for the first time
that EGCG could activate the mitochondrial apoptotic pathway
by inhibiting the SIRT1-p53 signaling pathway and finally
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