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Abstract. Acute promyelocytic leukemia (APL) is character-
ized by a specific chromosomal translation, resulting in a 
fusion gene that affects the differentiation, proliferation and 
apoptosis of APL cells. Epigallocatechin‑3‑gallate (EGCG), 
a catechin, exhibits numerous biological functions, including 
antitumor activities. Previous studies have reported that EGCG 
induces apoptosis in NB4 cells. However, the molecular 
mechanism underlying EGCG‑induced apoptosis remains 
unclear. The present study aimed to determine the molecular 
basis of EGCG‑induced apoptosis in NB4 cells. EGCG treat-
ment significantly inhibited the viability of NB4 cells in a 
dose‑dependent manner. In addition, EGCG treatment induced 
apoptosis and increased the levels of (Bcl‑2‑like protein 4) Bax 
protein expression. Moreover, EGCG treatment was able to 
increase phosphorylated (p)‑p38α mitogen‑activated protein 
kinase  (MAPK) and Src homology 1 domain‑containing 
protein tyrosine phosphatase (SHP‑1) expression. Pretreatment 
with PD169316 (a p38 MAPK inhibitor) partially blocked 
EGCG‑induced apoptosis and inhibited EGCG‑mediated 
Bax expression. Similarly, pretreatment with NSC87877, an 
inhibitor of SHP‑1, partially blocked EGCG‑induced apoptosis 
and inhibited EGCG‑mediated increases in p‑p38α MAPK 
and Bax expression. Therefore, the results of the present study 
indicate that EGCG is able to induce apoptosis in NB4 cells 
via the SHP‑1‑p38αMAPK‑Bax cascade.

Introduction

Acute promyelocytic leukemia (APL), a unique subtype of 
acute myeloid leukemia, is characterized by a translocation 
between chromosomes 15 and 17 that encodes the onco-
genic fusion protein promyelocytic leukemia/retinoic acid 
receptor‑α (PML/RARα) (1). PML‑RARα has an essential 
role in the development of APL by interfering with target 
genes that control differentiation, proliferation and apoptosis 
of APL cells (2). Considerable success in treating APL has 
been achieved using all‑trans retinoic acid (3) and arsenic 
trioxide (4) in clinical settings. However, the toxicity of these 
molecules and the prevalence of drug‑resistant forms of APL 
limit the clinical application of these drugs (5). Therefore, 
novel therapeutics to treat APL are urgently required.

Src homology 1 domain‑containing protein tyrosine 
phosphatase (SHP‑1), also known as PTPN6 (6), consists of 
17 exons and 16 introns and spans ~17 kb (7). SHP‑1 controls 
the changes in the levels of intracellular phosphorylation, 
including JAK/STAT (8). SHP‑1 exerts multiple biological 
functions through the alteration of several signaling path-
ways (9,10). A number of agonists and inhibitors of SHP‑1 
have been applied in clinical cancer therapies. For example, 
γ‑tocotrienol (11) and regorafenib (12) have been used to treat 
breast tumors and colorectal cancer, respectively. Studies have 
reported that SHP‑1 is highly expressed in normal hema-
topoietic cells  (13) but weakly expressed in hematological 
malignancies, including Burkitt's lymphoma (14), APL (15) 
and chronic myeloid leukemia (16). Therefore, the present 
authors hypothesize that increases in SHP‑1 expression may 
have notable roles in APL treatment.

Epigallocatechin‑3‑gallate (EGCG), a major constituent 
of green tea (17) induces cell death in AML (18) via cellular 
mechanisms that currently remain unclear. A previous report 
demonstrated that EGCG induced apoptosis in chronic 
myeloid leukemia cells by increasing SHP‑1 expression and 
dephosphorylating the fusion protein breakpoint cluster region 
protein‑tyrosine‑protein kinase ABL1 (19). An interesting 
question is whether SHP‑1 can be increased by EGCG in 
NB4 cells. Previous studies suggested that EGCG mediates 
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increased SHP‑1 expression, which subsequently activates the 
p38α mitogen‑activated protein kinase (MAPK)‑Bcl‑2‑like 
protein 4 (Bax) cascade via phosphorylation (20). The p38 
MAPK signaling pathway has a notable role in differentiation, 
proliferation, apoptosis and invasion (21‑23), and is also known 
to affect the development of APL (24). 

Therefore, the present study hypothesize that EGCG 
induces apoptosis in NB4 cells by increasing SHP‑1 expres-
sion and activating the p38α MAPK‑Bax cascade.

Materials and methods

Materials. EGCG was purchased from MedChem Express 
(Monmouth Junction, NJ, USA). The p38MAPK inhibitor PD 
169316 was purchased from MedChem Express. The SHP‑1 
inhibitor NSC87877 was purchased from Tocris Bioscience 
(Bristol, UK).

Cell culture. NB4 cells (Shanghai Institutes for Biological 
Sciences of the Chinese Academy of Sciences, Shanghai, 
China) were cultured in RPMI 1640 medium (Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) containing 10% 
fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) 
supplemented with 100 mg/ml penicillin and streptomycin 
(Beyotime Institute of Biotechnology, Haimen, China), in an 
incubator with 5% CO2 at 37˚C. 

Western blot analysis. The cells were collected and washed 
with chilled PBS for three times. Then, the cells were 
lysed using radioimmunoprecipitation assay buffer with 
protease and phosphatase inhibitors (Beyotime Institute 
of Biotechnology). Discarding the supernatant following 
centrifugation at 13,000 x g at 4˚C for 30 min. Protein lysate 
concentrations were quantified using a bicinchoninic acid 
assay kit (Beyotime Institute of Biotechnology). Equal quan-
tities (50 µg) of the protein were isolated by 10% SDS‑PAGE 
and transferred to polyvinylidene fluoride membranes. The 
membranes were blocked with 5% skimmed milk suspended 
by Tris‑Buffered Saline with 0.05% Tween‑20 (TBST) for 2 h 
and then probed with anti‑SHP‑1 (1:1,000; cat. no. ab32559; 
Abcam, Cambridge, UK), anti‑p38α MAPK (1:1,000; cat. 
no. 9218; Cell Signaling Technology, Inc., Danvers, MA, 
USA), anti‑p‑p38α MAPK (1:1,000; cat. no. 09‑272; Merck 
KGaA, Darmstadt, Germany), Bax (1:1,000; cat. no. wl01637; 
Wanleibio Co., Ltd., Shanghai, China) and β‑actin (1:500; 
cat. no. BM0627; Boster Biological Technology, Pleasanton, 
CA, USA) at 4˚C overnight. Following washing with TBST, 
the membranes were incubated with horseradish peroxi-
dase‑conjugated secondary antibodies, goat anti‑rabbit (cat. 
no. ZA‑0448) and HRP‑conjugated goat anti‑mouse (cat. 
no.  ZM‑0491) IgG (1:1,000; Beijing Zhongshan Jinqiao 
Biotechnology Co., Ltd., Beijing, China) for 1  h. The 
membranes were then washed with TBS and TBST and the 
protein levels were detected by an enhanced chemilumines-
cence kit (EMD Millipore, Billerica, MA, USA). β‑actin 
(1:500; cat. no.  BM0627; Boster Biological Technology) 
protein levels were used as a control to verify equal protein 
loading. Protein bands were visualized using the Quantity 
One Software version 4.5.2 (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA). 

Cell viability assay. NB4 cells (1x104 cells/well) were seeded 
into wells of a 96‑well plate. NB4 cells were pretreated with 
different concentrations of EGCG (0, 10, 20 or 30  µM), 
10 µM PD169316 (MedChem Express, Monmouth Junction, 
NJ, USA) or 10 µM NSC87877 (Tocris Bioscience, Bristol, 
UK) and equal volumes of a solvent control (PBS) for 24 h. 
Cell viability was quantified using a Cell Counting kit‑8 
(CCK‑8; 7Sea Biotech Co., Ltd., Shanghai, China). The cell 
number index was calculated at 450 nm using a spectropho-
tometer (Bio‑Rad Laboratories, Inc.) as follows: Cell number 
index=(ABS of treated/ABS of blank)/(ABS of control/ABS 
of blank) x100.

Flow cytometric analysis of apoptosis. NB4 cells 
(1x104 cells/well) were seeded into wells of a 6‑well plate. NB4 
cells were pretreated at 37˚C with different concentrations of 
EGCG (0, 10, 20 or 30 µM), 10 µM PD169316 (MedChem 
Express) or 10 µM NSC87877 (Tocris Bioscience) and equal 
volumes of PBS for 24 h. Cells were then collected and washed 
using chilled PBS. Apoptosis was detected using propidium 
iodide and annexin V double labeling assay kit (Sigma‑Aldrich; 
Merck KGaA) by a FACsorter (BD Biosciences, San Jose, CA, 
USA).

Statistical analysis. All results are expressed as the 
mean ± standard error. Statistical analysis was performed 
using SPSS (version 23.0; IBM Corp., Armonk, NY, USA). 
The data were analyzed using one‑way analysis of variance. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

EGCG induces apoptosis in NB4 cells. CCK‑8 assay was used 
to detect the effect of EGCG on the viability of NB4 cells. 
Cell viability was negatively associated with EGCG concen-
tration (Fig. 1A). Whether EGCG‑induced cell death was 
associated with apoptosis was also assessed. In normal cells, 
the phosphatidylserine (PS) groups in the plasma membrane 
are directed towards the inside of the cell. However, the PS 
groups are exposed to the environment upon apoptosis (25). 
The propidium iodide and annexin‑V double‑labeling assay 
indicated that this observed cell death was due to apoptosis. 
The apoptotic rates of cells exposed to 10 or 20 µM EGCG 
did not differ significantly from the apoptotic rate of the 
control group. However, the apoptotic rate of cells exposed 
to 30 µM EGCG was significantly higher compared with the 
control group (Fig. 1B). The levels of the apoptosis‑associated 
protein Bax were also quantified in EGCG‑treated cells. 
Bax expression increased with EGCG in a dose‑dependent 
manner (Fig. 1C). Therefore, these data suggest that EGCG 
was able to induce apoptosis in NB4 cells.

EGCG increases SHP‑1 expression and levels of phosphory‑
lated (p)‑p38α MAPK. Next, the mechanism of EGCG‑induced 
apoptosis in NB4 cells was investigated by quantifying 
SHP‑1 expression via western blot analysis. SHP‑1 protein 
levels were not affected when the cells were treated with 10 
or 20 µM EGCG compared with the expression in untreated 
cells. However, SHP‑1 expression was significantly increased 
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when cells were treated with 30 µM EGCG compared with 
the expression in untreated cells (Fig. 2A). Since p38α MAPK 
acts downstream of SHP‑1, the present authors hypothesized 
that p38α MAPK levels would also be affected by EGCG 
treatment. In fact, p38α MAPK expression was not affected 
by EGCG treatment (Fig. 2B). However, p‑p38α MAPK levels 
were significantly increased when the cells were treated with 
30 µM EGCG compared with the expression in untreated cells 
(Fig. 2B). Therefore, these data indicate that EGCG was able 
to increase SHP‑1 expression and trigger the phosphorylation 
of p38α MAPK to p‑p38α MAPK in NB4 cells.

Inhibition of p38α MAPK partially blocks EGCG‑induced 
NB4 cell apoptosis. As p‑p38α MAPK levels were 
increased by EGCG treatment, the role of p38α MAPK in 
EGCG‑induced NB4 cell apoptosis was investigated further. 
NB4 cells were pretreated with PD169316, an inhibitor of 
p38 MAPK, and subsequently treated with EGCG. Protein 
levels of p38α MAPK were not markedly affected by the 
combined treatment compared with the levels in cells treated 
with EGCG alone, but p‑p38α MAPK levels were reduced 
compared with the levels in cells treated with EGCG 
alone (Fig. 3A). However, the viability of NB4 cells when 
treated with PD169316 and EGCG increased compared with 
the viability of cells treated with EGCG alone (Fig. 3B). Since 
PD169316 treatment increased EGCG‑induced viability of 
NB4 cells, whether PD169316 affected EGCG‑induced apop-
tosis was assessed. The apoptotic rate of PD169316 inhibitor 
and EGCG‑pretreated cells was reduced compared with the 
rate of the cells treated with EGCG alone (Fig. 3C). Protein 
levels of the apoptosis‑associated protein Bax were also 
reduced in the PD169316 inhibitor and EGCG‑pretreated 
cells in comparison with the cells treated with EGCG 

alone (Fig. 3D). Therefore, these data suggest that EGCG 
may induce apoptosis via p38α MAPK in NB4 cells.

Inhibition of SHP‑1 partially blocks EGCG‑induced apoptosis 
and decreases levels of p‑p38α MAPK and Bax. As the levels of 
SHP‑1 were increased by EGCG treatment, the effect of SHP‑1 
inhibition on EGCG‑induced NB4 apoptosis was subsequently 
investigated. When NB4 cells were pretreated with NSC87877 
and subsequently treated with EGCG, SHP‑1 protein levels were 
reduced compared with the levels in the cells treated with EGCG 

Figure 1. Effects of EGCG on apoptosis and the level of Bax protein expression in NB4 cells. (A) NB4 cells were treated with 10, 20, 30 or 40 µM EGCG for 
24 h. Cell Counting kit‑8 assay was used to assess the viability of NB4 cells. (B and C) NB4 cells were treated with 10, 20 or 30 µM EGCG for 24 h. Flow 
cytometric analysis was used to determine the apoptotic rate of NB4 cells. Western blot analysis was used to detect Bax protein expression. All experiments 
were performed in triplicate. *P<0.05, **P<0.01 vs. control group. EGCG, epigallocatechin‑3‑gallate; Bax, apoptosis regulator BAX; PI, propidium iodide; 
FITC, fluorescein isothiocyanate.

Figure 2. Effects of EGCG on the levels of SHP‑1 and p‑p38α protein expres-
sion in NB4 cells. NB4 cells were treated with 10, 20 and 30 µM EGCG for 
24 h. (A) Western blot analysis was used to detect SHP‑1 protein expression. 
(B) Western blot analysis was used to detect the levels of p38α and p‑p38α 
protein. All experiments were performed in triplicate. *P<0.05 vs. control 
group. EGCG, epigallocatechin‑3‑gallate; SHP‑1, Src homology region 2 
domain‑containing phosphatase‑1; p38α, p38α mitogen activated protein 
kinase; p‑, phosphorylated. 
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alone (Fig. 4A). Similarly, the viability of NSC87877 inhibitor 
and EGCG‑pretreated NB4 cells increased (Fig. 4B). Notably, 
pretreatment with NSC87877 reduced the EGCG‑induced 
apoptotic rate of NB4 cells, compared with the apoptotic rate 
of cells treated with EGCG alone (Fig. 4C). To investigate the 
potential mechanisms underlying changes in viability and apop-
totic rates upon SHP‑1 inhibition, the changes in expression of 
proteins associated with the apoptotic cascades were quantified. 

When the cells were pretreated with SHP‑1 inhibitor and 
EGCG, the levels of p‑p38α MAPK and Bax proteins were 
lower compared with the expression in the cells that were 
treated with EGCG alone. However, the expression level of 
p38α MAPK was unaffected by pretreatment with SHP‑1 
inhibitor (Fig. 4D). Therefore, these data suggest that SHP‑1 
may have an important role in EGCG‑induced NB4 cell 
apoptosis.

Figure 3. Effects of p38α inhibition on EGCG‑mediated apoptosis and protein expression levels of Bax and p‑p38α in NB4 cells. NB4 cells were pretreated 
with 10 µM PD169316 for 0.5 h and then treated with 30 µM EGCG for 24 h. (A and D) Western blot analysis was used to detect the protein expression level 
of p‑p38α and Bax. (B) Cell‑Counting Kit‑8 assay was used to measure the cell viability of NB4 cells. (C) Flow cytometric analysis was used to determine 
apoptotic rate in NB4 cells. a, EGCG‑ PD169316‑; b, EGCG+ PD169316‑; c, EGCG+ PD169316+; d, EGCG‑ PD169316+. All experiments were performed in 
triplicate. *P<0.05 vs. control group. EGCG, epigallocatechin‑3‑gallate; Bax, Bcl‑2‑like protein 4; E, 30 µM EGCG. P, 10 µM PD169316; PI, propidium iodide; 
FITC, fluorescein isothiocyanate.
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Discussion

The purpose of the present study was to investigate whether 
EGCG induces apoptosis of NB4 cells through a SHP‑1‑p38α 
MAPK‑Bax cascade. EGCG treatment increased the levels of 

p‑p38α MAPK and Bax expression compared with control 
group, although p38α MAPK expression was unaffected. 
The observed increase in p‑p38α MAPK and Bax expres-
sion was associated with the expression level of SHP‑1. It 
was observed that the inhibition of p38α MAPK was able to 

Figure 4. Effects of SHP‑1 inhibition on EGCG‑mediated apoptosis and expression levels of associated proteins in NB4 cells. NB4 cells were pretreated with 
10 µM NSC87877 for 0.5 h and then treated with 30 µM EGCG for 24 h. (A) Western blot analysis was used to detect the expression level of SHP‑1. (B) Cell 
Counting Kit‑8 assay was used to measure the viability of NB4 cells. (C) Flow cytometric analysis was used to determine the apoptotic rate of NB4 cells. a, 
EGCG‑ NSC87877‑; b, EGCG+ NSC87877‑; c, EGCG+ NSC87877+; d, EGCG‑ NSC87877+. (D) p38α, p‑p38α and Bax protein levels were assessed by western 
blot analysis. All experiments were performed in triplicate. *P<0.05, **P<0.01 vs. control group. EGCG, epigallocatechin‑3‑gallate; SHP‑1, Src homology 
region 2 domain‑containing phosphatase‑1; p38α, p38α mitogen activated protein kinase; E, 30 µM EGCG. N, 10 µM NSC87877; p‑, phosphorylated.
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reduce EGCG‑induced apoptosis of NB4 cells. Additionally, 
inhibition of SHP‑1 reduced EGCG‑induced apoptosis of NB4 
cells and EGCG‑mediated increase in p‑p38α MAPK and Bax 
expression.

EGCG, a catechin, has been demonstrated to exhibit anti-
tumor activities in multiple studies on solid tumor (26,27) and 
leukemia (28,29) cells, particularly in APL cells (30). EGCG 
mediates its anti‑leukemic activity primarily through the 
induction of apoptosis, which has been indicated by increased 
levels of Bax in this study (30). However, the exact mecha-
nisms underlying antitumor activities in APL were unclear. 

The present study reports, to the best of our knowledge for 
the first time, that SHP‑1 expression is increased in NB4 cells 
treated with EGCG, suggesting that SHP‑1 has a pivotal role in 
mediating the antitumor activity of EGCG. Inhibition of SHP‑1 
partially blocked EGCG‑induced apoptosis and triggered a 
reduction in the levels of p‑p38αMAPK and Bax. SHP‑1 is 
known to be a key modulator of protein phosphorylation levels 
in cells, and protein phosphorylation has an important role 
in numerous biological functions, including the differentia-
tion, apoptosis and invasion of cells (9,10). Therefore, on the 
basis of the findings detailed in the present study, the present 
authors hypothesize that SHP‑1 contributes to EGCG‑induced 
apoptosis by modifying the phosphorylation patterns of 
key apoptosis regulators, including p38α MAPK. Although 
a number of agonists and inhibitors of SHP‑1 have been 
employed to treat solid tumors, these treatments are rarely used 
for leukemia (11,12). The finding that SHP‑1 affects apoptosis 
in NB4 cells suggests that agonists and inhibitors of SHP‑1, 
either alone or combination with EGCG, may also be used to 
treat leukemia in the future. 

As SHP‑1 has an important role in EGCG‑induced apop-
tosis of NB4 cells, the downstream mechanism of SHP‑1 
was investigated. A number of studies indicated that p38α 
MAPK is a downstream target of SHP‑1 (31,32). However, 
whether the p38α MAPK signaling pathway contributes to 
EGCG‑induced NB4 cell apoptosis has not been demon-
strated. In the present study, p38α MAPK was activated 
upon treatment with EGCG. In addition, pretreatment 
with PD169316 (p38α MAPK inhibitor) partially blocked 
EGCG‑induced apoptosis of NB4 cells and decreased Bax 
expression. Therefore, the findings of the present study 
indicate that p38α MAPK activation was associated with 
apoptosis in EGCG‑treated NB4 cells. However, whether 
p38α MAPK is activated directly by SHP‑1 remains unclear. 
Further investigation is therefore required to understand the 
association between SHP‑1 and p38α MAPK better.

In conclusion, the present study revealed the molecular 
mechanism underlying EGCG‑induced apoptosis in NB4 
cells. Although the effect of EGCG on APL cells had been 
studied previously, the findings of the present study indicate 
that EGCG‑mediated apoptosis in NB4 cells is dependent on 
the SHP‑1‑p38α MAPK‑Bax cascade. 
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