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 Background: Preeclampsia (PE) is a serious complication of pregnancy with no effective therapy. This study assessed wheth-
er epigallocatechin gallate (EGCG) could reduce the production of anti-angiogenic factors, improve cell viability, 
and suppress endothelial dysfunction in vitro via regulating high mobility group box 1 (HMGB1) in preeclampsia.

 Material/Methods: Human umbilical vein endothelial cells (HUVECs) grown in conditioned medium from hypoxic JEG-3 cells were 
used to investigate the effects of EGCG on anti-angiogenic state, cell viability, and markers of endothelial dys-
function. To confirm that EGCG exerted its effects via HMGB1, we also examined the impact of EGCG on anti-
angiogenic state, cell viability, and endothelial dysfunction following HMGB1 treatment in vitro.

 Results: EGCG inhibited HMGB1 expression in hypoxic trophoblast cells in a dose-dependent manner. In addition, EGCG 
relieved anti-angiogenic state and endothelial dysfunction in hypoxic trophoblast cells by downregulating 
HMGB1. Moreover, EGCG dose-dependently promoted cell proliferation by downregulating HMGB1.

 Conclusions: Taken together, our data show the protective role of EGCG in preeclampsia and revealed EGCG-mediated ef-
fects on the production of anti-angiogenic factors, cell viability, and endothelial dysfunction through downreg-
ulating HMGB1. These observations suggest that EGCG is a novel therapeutic candidate for preeclampsia.
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Background

Preeclampsia (PE) is a pregnancy disease characterized by hy-
pertension and proteinuria after 20 weeks of pregnancy, which 
can lead to adverse pregnancy outcomes [1]. Despite extensive 
research, the etiology and pathogenesis of PE are not com-
pletely understood, and there is no effective treatment for the 
pregnancy complications [2].

According to the two-stage model of PE, placental hypoxia and 
inadequate perfusion lead to the release of inflammatory fac-
tors and cell fragments into the blood, causing clinical symp-
toms characterized by systemic inflammatory response and 
endothelial dysfunction [3]. In addition, recent studies have 
shown that trophocyte hypoxia and dysfunction of vascular 
endothelial cells play important regulatory roles in the occur-
rence and development of PE [4,5].

High mobility group box 1 (HMGB1), which belongs to a high 
mobility group box that is known for high mobility in elec-
trophoresis, has been researched most intensively [6]. After 
damage of pathogenic factors, HMGB1 interacts with recep-
tor for advanced glycation end-products and Toll-like recep-
tors through active and passive release, causing the release 
of inflammatory mediators and stimulating the immune in-
flammatory response of the body [7,8]. It had been reported 
that placental hypoxia induced the expression and release of 
HMGB1 from trophoblasts [9]. Accumulating reports present-
ed high levels of placental HMGB1 in women with PE [9,10]. 
Moreover, increasing evidence suggests that placental hypox-
ia-induced HMGB1 release plays a central role in endothelial 
dysfunction [9,11]. Therefore, HMGB1 may be an important 
therapy target for PE.

Epigallocatechin gallate (EGCG), the most abundant and bioac-
tive polyphenol in green tea, has been demonstrated to pos-
sess many biological functions [12]. A study proved that EGCG 
could promote the treatment efficacy of oral nifedipine against 
severe PE [13]. Chae et al. proved that EGCG could inhibit 
Ang II-induced elevation of vascular cell adhesion molecule 1 
(VCAM-1) and intercellular cell adhesion molecule-1 (ICAM-1) 
in human umbilical vein endothelial cells (HUVECs) [14]. EGCG 
can enhance the endothelial nitric oxide synthase (eNOS) ac-
tivation and nitric oxide (NO) formation in HUVECs, indicat-
ing that EGCG may help improve endothelial functions [15]. 
Several studies showed that EGCG can inhibit the expression 
of HMGB1 [16,17].

Accordingly, we performed this study to assess the relationship 
among EGCG, HMGB1, and PE and to analyze EGCG-mediated 
effects on angiogenesis, trophoblast cell viability, and endo-
thelial function, aiming to provide a novel treatment for PE.

Material and Methods

Cell culture and treatment

The JEG-3 cell line and HUVECs were obtained from American 
Type Culture Collection (ATCC) (Rockville, MD, USA). JEG-3 was 
maintained in Dulbecco’s minimum essential medium (DMEM)/
F12 (Invitrogen, NY, USA) supplemented with 10% fetal bovine 
serum (FBS; Hyclone, PA, USA), 50 IU/mL penicillin G, and 50 
µg/mL streptomycin (Invitrogen, NY, USA) at 37°C in the pres-
ence of 8% O2, 5% CO2, and 87% N2. Hypoxic treatment was 
performed in an incubator supplied with 1% O2, 5% CO2, and 
94% N2 for 24 h. The conditioned medium was collected im-
mediately for the subsequent testing and culture of HUVECs. 
HUVECs were grown in DMEM/F12 containing 10% FBS or con-
ditioned medium from hypoxic JEG-3 cells in the presence of 
8% O2, 5% CO2, and 87% N2 at 37°C.

EGCG (10, 30, 50 μm) and EGCG (50 μm) [18] +HMGB1 
(5 ng/ml) [19] were added into cultured JEG-3 cells or HUVECs 
for 24 h.

Cell proliferation assay

HUVECs were incubated with conditioned medium or con-
ditioned medium containing EGCG (10, 30, 50 μm) or EGCG 
(50μm)+HMGB1 (5 ng/ml) for 24 h. Cell Counting Kit-8 (CCK-
8; Beyotime, Shanghai, China) and BrdU (Beyotime, Shanghai, 
China) were used to determine cell proliferation according 
to the manufacturer’s instructions. For CCK-8 assay, HUVECs 
were incubated with 10 µl CCK-8 for 2 h, and absorbance at 
450 nm was measured with a microplate reader (Bio-Rad, CA, 
USA). For BrdU cell proliferation assay, HUVECs were incubat-
ed with 5 μM BrdU for 4 h before 4% paraformaldehyde fixa-
tion. The BrdU signal was revealed by rat anti-BrdU antibody 
and goat anti-rat IgG. After DAPI staining, the proportion of 
BrdU-positive HUVECs was counted under the fluorescence 
microscope (Nikon, Japan).

(Enzyme-linked immunosorbent assay) ELISA

The levels of vascular endothelial growth factor (VEGF) and sol-
uble fms-like tyrosine kinase 1 (sFtl1) in JEG-3 cell culture super-
natants and the levels of asymmetric dimethylarginine (ADMA), 
soluble endoglin (sEng), and nitric oxide (NO) in HUVECs cul-
ture supernatants were tested by use of corresponding ELISA 
kits according to the manufacturer’s recommendations.

Western blotting assay

HUVECs and JEG-3 cells were lysed in RIPA buffer containing 
protease and phosphatase inhibitors for 30 min. The proteins in 
each sample were separated on SDS-PAGE gel and transferred 
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onto PVDF membranes. PVDF membranes were incubated with 
anti-HMGB1, anti-ICAM-1, anti-VCAM-1, anti-ET-1, anti-E-se-
lectin, anti-eNOS, anti-phospho-eNOS, and anti-GAPDH anti-
bodies. The protein bands were visualized using an enhanced 
chemiluminescence system (Perfect Biotech, Shanghai, China).

Real-time quantitative PCR

Total RNA extracted by Trizol (Invitrogen, NY, USA) was reverse-
transcribed to complementary DNA using the PrimeScript RT 

reagent kit (Takara, Japan). The cDNA was quantified with 
SYBR-Green Supermix (Invitrogen, NY, USA) by the ABI PRISM 
7000 Sequence Detection System (ABI/Perkin Elmer, Foster 
City, CA, USA). Gene expression data were calculated using 
the 2–DDCt method.

Statistical analysis

Data are presented as mean±SD and analyzed using one-way 
ANOVA followed by Tukey’s post-tests with SPSS software 
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Figure 1.  EGCG inhibited HMGB1 expression in hypoxic trophoblast cells. (A) HMGB1 mRNA levels determined by RT-qPCR; (B) HMGB1 
protein levels determined by western blot assay. * p<0.05, ** p<0.01, *** p<0.001.
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Figure 2.  EGCG relieved anti-angiogenic state in hypoxic trophoblast cells by downregulating HMGB1. (A) VEGF production detected by 
ELISA assay; (B) sFlt1 production detected by ELISA assay. * p<0.05, ** p<0.01.
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(SPSS, Armonk, NY, USA), and P<0.05 was considered statis-
tically significant.

Results

EGCG inhibited HMGB1 expression in hypoxic trophoblast 
cells

Hypoxic treatment was performed in an incubator supplied with 
1% O2, 5% CO2, and 94% N2. We then examined HMGB1 levels 
using RT-qPCR (Figure 1A) and western blot assay (Figure 1B). 
HMGB1 production significantly increased in cells under hypox-
ia. EGCG attenuated the hypoxia-induced increase in HMGB1 
expression in a dose-dependent manner.

EGCG relieved the anti-angiogenic state in hypoxic 
trophoblast cells by downregulating HMGB1

To explore the molecular mechanisms associated with the 
influence of EGCG on preeclampsia, we next investigated 
whether EGCG affects the production of angiogenic factor 
VEGF (Figure 2A) and anti-angiogenic factor sFlt1 (Figure 2B). 
Compared with the control group, decreased VEGF levels and 
increased sFlt1 levels were observed in JEG-3 cells when ex-
posed to hypoxic conditions. The cells treated with EGCG plus 
hypoxia released more VEGF and less sFlt1 than cells cultured 
under hypoxia alone. We also confirmed that the effects of 
EGCG on VEGF and sFlt1 production were reversed by HMGB1 
treatment. These results suggest that EGCG can improve the 
anti-angiogenic state by inhibiting HMGB1.
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Figure 3.  EGCG dose-dependently promoted cell proliferation by downregulating HMGB1. (A) Cell proliferation assessed using CCK-8 
assay. (B) Cell proliferation assessed using BrdU incorporation assay. * p<0.05, *** p<0.001.
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EGCG dose-dependently promoted cell proliferation by 
downregulating HMGB1

To analyze the role of EGCG in the proliferation of hypox-
ic trophoblast cells, CCK-8 assay and BrdU cell proliferation 

assay were used to assess cell viability. The results showed 
that EGCG dramatically enhanced the cell viability in a dose-
dependent manner under hypoxic conditions. HMGB1 treat-
ment reversed the proliferative effect of EGCG hypoxia-in-
duced trophoblast cells (Figure 3A). Using BrdU as a marker 

HUVECs (8
%)

JEG-3 (1%)

JEG-3 (1%)+
EGCG (10 μM)

JEG-3 (1%)+
EGCG (30 μM)

JEG-3 (1%)+
EGCG (50 μM)

JEG-3 (1%) H
UVECs+

EGCG (50 μM)+

HMGB1 (5 ng/m
l)

HUVECs (8
%)

ICAM-1

VCAM-1

ET-1

E-selectin

GAPDH

58 kDa

81 kDa

30kDa

67 kDa

37 kDa

JEG-3 (1%)

JEG-3 (1%)+
EGCG (10 μM)

JEG-3 (1%)+
EGCG (30 μM)

JEG-3 (1%)+
EGCG (50 μM)

JEG-3 (1%) H
UVECs+

EGCG (50 μM)+
HMGB1 (5 ng/m

l)

4

3

2

1

0

ICA
M

-1
/G

AP
DH

 (f
old

) *****
***

***

***

HUVECs (8
%)

JEG-3 (1%)

JEG-3 (1%)+
EGCG (10 μM)

JEG-3 (1%)+
EGCG (30 μM)

JEG-3 (1%)+
EGCG (50 μM)

JEG-3 (1%) H
UVECs+

EGCG (50 μM)+

HMGB1 (5 ng/m
l)

4

3

2

1

0

VC
AM

-1
/G

AP
DH

 (f
old

)

*****
***

***

***

HUVECs (8
%)

JEG-3 (1%)

JEG-3 (1%)+
EGCG (10 μM)

JEG-3 (1%)+
EGCG (30 μM)

JEG-3 (1%)+
EGCG (50 μM)

JEG-3 (1%) H
UVECs+

EGCG (50 μM)+

HMGB1 (5 ng/m
l)

4

3

2

1

0

ET
-1

/G
AP

DH
 (f

old
)

****
***

***

***

HUVECs (8
%)

JEG-3 (1%)

JEG-3 (1%)+
EGCG (10 μM)

JEG-3 (1%)+
EGCG (30 μM)

JEG-3 (1%)+
EGCG (50 μM)

JEG-3 (1%) H
UVECs+

EGCG (50 μM)+

HMGB1 (5 ng/m
l)

3

2

1

0
E-

se
lec

tin
/G

AP
DH

 (f
old

) ****
***

***

***

HUVECs (8
%)

JEG-3 (1%)

JEG-3 (1%)+
EGCG (10 μM)

JEG-3 (1%)+
EGCG (30 μM)

JEG-3 (1%)+
EGCG (50 μM)

JEG-3 (1%) H
UVECs+

EGCG (50 μM)+

HMGB1 (5 ng/m
l)

4

3

2

1

0

sE
ng

 (n
g/

m
l)

****
***

***

HUVECs (8
%)

JEG-3 (1%)

JEG-3 (1%)+
EGCG (10 μM)

JEG-3 (1%)+
EGCG (30 μM)

JEG-3 (1%)+
EGCG (50 μM)

JEG-3 (1%) H
UVECs+

EGCG (50 μM)+

HMGB1 (5 ng/m
l)

0.8

0.6

0.4

0.2

0.0

AD
M

A (
μm

ol/
g p

ro
te

in)

***
*

*

A B

Figure 4.  EGCG suppressed endothelial dysfunction by downregulating HMGB1. (A) Cell adhesion molecules levels such as ICAM-1, 
VCAM-1, ET-1, and E-selectin detected using western blot assay. (B) sEng and ADMA expression detected using ELISA assay. 
* p<0.05, ** p<0.01, *** p<0.001.
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for cell proliferation, newly generated surviving cells were de-
tected by immunohistochemistry staining. Quantitative anal-
ysis of BrdU-positive cells also indicated that HMGB1 treat-
ment suppressed the proliferative-promoting effect of EGCG 
in hypoxic trophoblast cells (Figure 3B).

EGCG suppressed endothelial dysfunction by 
downregulating HMGB1

To evaluate the effects of EGCG on endothelial dysfunction in 
HUVECs, we assessed the main markers of endothelial dysfunc-
tion. Levels of the cell adhesion molecules ICAM-1, VCAM-1, 
ET-1, and E-selectin were determined using western blot as-
say (Figure 4A). EGCG successfully rescued the hypoxia-in-
duced increase of ICAM-1, VCAM-1, ET-1, and E-selectin levels 
in HUVECs cultured in conditioned medium from hypoxic JEG-
3 cells. Similarly, the decreased production of ICAM-1, VCAM-1, 
ET-1, and E-selectin following EGCG treatment was markedly 
rescued by HMGB1. Furthermore, sEng and ADMA expression 
were detected using ELISA assay (Figure 4B). sEng and ADMA 
values were higher in HUVECs cultured in conditioned medium 
from hypoxic JEG-3 cells than that in those cultured in normal 
medium, which were dose-dependently rescued by EGCG. With 
the addition of HMGB1, there was a significant increase in sEng 
and ADMA expression. These results suggest that EGCG can 
improve endothelial dysfunction by downregulating HMGB1.

To further assess the potential role of EGCG in endothelial 
dysfunction in PE, we investigated NO levels (Figure 5A) and 
activation of eNOS (Figure 5B). Compared with the control 
group, decreased NO level and p-eNOS expression were ob-
served in HUVECs grown in conditioned medium from hypoxic 
JEG-3 cells. EGCG treatment induced more release of NO and 
p-eNOS in HUVECs than in cells cultured with conditioned me-
dium alone. Moreover, the regulatory effects of EGCG on NO 
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Figure 5.  EGCG suppressed endothelial dysfunction by downregulating HMGB1. (A) NO levels determined by ELISA assay. (B) p-eNOS 
and eNOS expression detected by western blot assay. * p<0.05, ** p<0.01, *** p<0.001.

and p-eNOS production were inhibited by HMGB1 protein. All 
these results consistently show that EGCG suppressed endo-
thelial dysfunction by downregulating HMGB1.

Discussion

PE is a type of pregnancy-specific disease with unknown clin-
ical pathogenesis and complex and diverse risk factors. After 
onset, it poses a serious threat to the life of the mother and 
fetus [1,20]. Therefore, many preeclampsia studies have ex-
plored early prediction and intervention, aiming to decrease 
the incidence and mortality rates in mothers and infants [21]. 
Although the etiology of PE remains unclear, some studies 
proved that hypoxia plays an important role in the patho-
physiological process of PE [22]. Long-term hypoxia causes 
an increase in the apoptosis of trophoblasts and endothelial 
dysfunction, which can result in the development of PE [4,5].

HMGB1 is a non-histone DNA-binding protein that is ubiqui-
tously expressed in mammals [7]. As a late inflammatory fac-
tor, HMGB1 is considered to be closely related to a variety of 
inflammatory diseases [7,8]. Recently, HMGB1 was found to be 
highly expressed in the placenta of PE women [9,10]. Placental 
hypoxia can promote the expression and release of HMGB1 
from trophoblasts [9]. In the present study, we found upregu-
lation of HMGB1 in JEG-3 cells exposed to anoxia.

EGCG is the most abundant catechin in green tea and has a va-
riety of biological activities [12]. A study suggested that EGCG 
can improve the treatment efficacy of oral nifedipine against 
severe PE [13], and EGCG treatment can markedly inhibit the 
expression of HMGB1 induced by balloon injury [16]. EGCG can 
alleviate lung injury by inhibiting the expression of HMGB1 
and RAGE [17]. In the present study, we demonstrated that 
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EGCG can inhibit the expression of HMGB1 in JEG-3 cells in-
duced by hypoxia. In addition, EGCG treatment can promote 
HUVECs proliferation, and HMGB1 protein can inhibit the pro-
liferative effect of EGCG on HUVECs induced by culture in me-
dium of hypoxic JEG-3 cells. Thus, we speculated that HMGB1 
is involved in the therapeutic effect of EGCG on PE.

Recently, angiogenic or anti-angiogenic factors such as VEGF 
and sFlt-1 have been found to be associated with the onset 
and endothelial dysfunction of PE [23,24]. Our data confirmed 
that EGCG treatment could enhance the level of VEGF and in-
hibit the level of sFlt-1 in JEG-3 cells induced by hypoxia. And 
as expected, the effects of HMGB1 protein on VEGF and sFlt-
1 were contrary to that of EGCG.

NO is mainly catalyzed and produced by eNOS, which has the 
function of vasodilatation and protecting vascular endothe-
lium under physiological contents [25,26]. Accumulating ev-
idence has suggested that intercellular adhesion molecule-1 
(ICAM-1), vascular cell adhesion molecule 1 (VCAM-1), endo-
thelin 1 (ET-1), and E-selectin play pivotal roles in the mecha-
nisms of endothelial dysfunction [27,28]. In the present study, 

the expression of ICAM-1, VCAM-1, ET-1, and E-selectin was 
upregulated and the levels of NO and eNOS were downreg-
ulated in HUVECs cultured with culture medium of hypoxic 
JEG-3 cells. In contrast, downregulation of ICAM-1, VCAM-1, 
ET-1, and E-selectin and upregulation of NO and eNOS were 
observed in HUVECs treated with EGCG. Moreover, we proved 
that the therapeutic effects of EGCG on endothelial dysfunc-
tion were reversed by HMGB1.

Conclusions

The present results suggest that HMGB1 contributes to tro-
phoblastic injury and endothelial dysfunction. The protective 
effects of EGCG on angiogenesis, cell viability, and endotheli-
al function are involved in the modulation of HMGB1 expres-
sion. These findings may help in discovery of a novel medi-
cine for treatment of PE.
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