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	 Background:	 Hyperglycemia has been confirmed to damage endothelial function of vascular and microvascular. The regu-
lation of zinc finger E-box binding protein 2 (ZEB2) on vascular endothelial cells (VECs) is reported rarely. Our 
study investigates the role of ZEB2 on the apoptosis of VECs induced by high glucose through MAPK pathway.

	 Material/Methods:	 Downregulated and upregulated expression of ZEB2 in human umbilical vein endothelial cells (HUVECs) were 
performed by plasmids transfection. HUVECs are respectively treated with different concentrations of glucose 
(5.5 mM, 33 mM). The expression of mRNA and protein were detected by real-time quantified PCR and west-
ern blotting. Apoptotic cells were measured by flow cytometry. Proliferation and migration of HUVECs were de-
tected by MTT assay and wound healing assay.

	 Results:	 The apoptosis of HUVECs detected by flow cytometry and western blot revealed that ZEB2 overexpression dis-
tinctly suppressed the apoptosis of HUVECs induced by high glucose. ZEB2 overexpression promoted the pro-
liferative and migration activity of HUVECs. Besides, ZEB2 overexpression specifically accelerated the phosphor-
ylation level of JNK, and suppressed the apoptosis and promoted the proliferative of VECs via JNK pathway.

	 Conclusion:	 ZEB2 suppress apoptosis of VECs induced by high glucose through MAPK pathway activation, which provides 
a novel insight and therapeutic target for endothelial injury.
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Background

In vivo and vitro, studies have found that hyperglycemia could 
inhibit the growth of endothelial cells and induce apoptosis. 
Current researches have considered that vascular endothelial 
cells (VECs) injury and dysfunction are initial factors resulting in 
vascular complication induced by abnormal blood glucose [1]. 
Apoptotic mechanism of VEC has not been completely discov-
ered. Probable pathogeny includes increasing of ROS, glycosyl-
ation end products (AGEs), activation of protein kinase C (PKC) 
and so on [2,3]. VECs could synthesis and secrete a variety of 
active factors, such as prostacyclin (PG), nitric oxide (NO) and 
endothelin-1 (ET-1), and participate in many physiological and 
pathological processes in body [4,5]. In diabetes status, eNOS 
decoupling significantly decreases the NO synthesis, however, 
it promotes reactive oxygen species (ROS) generation. The en-
hanced generation of ROS induced by oxidative stress is con-
sidered to be the critical factor of EVCs apoptosis. High glu-
cose could damage endothelial cell function through various 
mechanisms, such as inflammation, oxidative stress [6], sec-
ondary lipid metabolic disturbance [7], etc.

Zinc finger E-box binding protein (ZEB) is a kind of transcrip-
tional regulators, which participate in regulation of EVCs on 
the physiological or pathological conditions [8,9]. ZEB family 
contains ZEB1/dEF1 and ZEB2/SIP1. ZEB1 and ZEB2 could iden-
tify gene promoter on (CACCTG) sequence. ZEB2, also known 
as smad-interacting protein I (SIPl), plays an important role 
in normal physiogenesis. Researches show that ZEB2 overex-
pression increases the expression of matrix metalloproteinas-
es (MMPs) family and aggravate endotheliocyte apoptosis [10]. 
Besides, ZEB2 has been reported to inhibit the apoptosis of 
tumor cells in bladder cancer [11].

Hyperglycemia could stimulate VECs to generate ROS and ac-
tivate JNK pathway, which results in endotheliocyte apopto-
sis [12,13]. Our study aims to investigate the underlining reg-
ulatory mechanisms of ZEB2 on VECs apoptosis induced by 
high glucose and the correlative signal pathway.

Material and Methods

Cell culture

Human umbilical vein endothelial cells (HUVECs) were pur-
chased from Shanghai Micro Mongolian Life Science Co., Ltd 
(Shanghai, China) and cultured in ECM medium (containing 
5% fetal bovine serum, penicillin-streptomycin and 1×EGFS, 
37°C, 5%CO2, saturated humidity). When cells covered 80% 
culture bottle, HUVECs were passaged by 0.25% trypsin diges-
tion. Then, HUVECs were added with ECM medium and cen-
trifuged (1000rpm, 5minutes) to collect cells. With supernate 

was abandoned, HUVECs were resuspended with ECM medium 
to adjust the density of 5×104/ml. Afterwards, HUVECs were 
seeded in culture plate with adherent culture.

Transfection

ZEB2 upregulated and down-regulated plasmids (pEZ-M46-
ES) were purchased from GeneCopoeia Company (Gene 
ID: NM_014795). Cell transfection was performed with PEI 
(Polyscience, Cat#23966) transfection methods. Cells were 
seeded into six-well plates at a density of 5×104 cells/wells to 
reach about 40–60%% confluence for transfection. Plasmid 
and transfection reagents were blended (8 μl siRNA duplex-
es and 6 μl siRNA transfection reagent were added into 100 
μl siRNA transfection medium) and placed at room temper-
ature for 15 min. the mixture was added with medium and 
cultured in incubator at 37°C, 5% CO2 for 6 hours. After incu-
bation, cells were replaced as conventional medium and cul-
tured sequentially for 48 h.

Grouping

Different groups of HUVECs were performed as experimental 
design. Normal group was treated with 5.5 mM glucose, and 
high-glucose groups were treated with 33 mM glucose. High-
glucose groups were as follows: empty vector group (HUVECs), 
OE group (overexpression of ZEB2), LE group (lower-expres-
sion of ZEB2).

Western blot

HUVECs were treated by RIPA Lysis Buffer System (Santa Cruz, 
Dallas, TX, USA). The liquid was transferred into sterile EP tube 
and centrifuged 12,000rpm for 10 minutes. Protein concentra-
tion was detected related to a known concentration of BCA. Two 
equal parts of proteins were mixed and sample buffers were 
subjected to SDS-PAGE. The separated protein was transferred 
onto PVDF membrane. Blocking buffer contained TBST and 5% 
fat-free milk. The PVDF membrane was blocked in blocking buf-
fer for 1 hour at room temperature. Primary antibodies (Cell 
Signaling, 1: 1000) were diluted by 2% fat-free milk. The PVDF 
membrane was incubated with primary antibodies 4°C over-
night and washed with TBST 3 times. Then, the PVDF membrane 
was diluted in secondary antibody (Santa Cruz, Dallas, USA, 1: 
1000) 4°C overnight. Finally, the PVDF membrane was washed 
again with TBST 3 times for 10 minutes. b-actin acted as the in-
ternal reference. The PVDF membrane was displayed by Image 
Pro-Plus system (Media Cybernetics, Silver Spring, MD, USA).

Real-time quantified PCR (RT-PCR)

The extracted RNA from HUVECs was treated with 1ml Trizol 
reagent (Invitrogen, Carlsbad, Calif, USA). The concentration 
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of RNA was detected at 260–280 nm and the qualified value 
was 1.8-2.0. The reverse transcription reaction system was 20 
μl (including 1 μg RNA) to synthesize cDNA with SuperScript 
First-Stand Synthesis system (Invitrogen, Carlsbad, Calif, US). 
The reverse transcription reaction procedures were 42°C for 
60 minutes for elongation and 95°C for 5 minutes for enzyme 
inactivation. Then, cDNA was synthesized and placed on ice 
for subsequent using. PCR amplification was carried out by ABI 
PRISM 7900 thermocycler (Applied Biosystems, US). The pre-
liminary primers, synthesized by Sangon Biotech (Shanghai, 
China) were as follows: ZEB2, forward: 5’-GTGGA TGACC TAGGCA 
AGTCG-3’, reverse: 5’-GTCTC CTCCT TGTTG TTCTGC-3’; GAPDH, 
forward, 5´-GCACC GTCAAGGCTGA GAAC-3´, reverse 5´-TGGT 
GAAGACGCCAG TGGA-3´. The reaction conditions were as fol-
lows: an initial denaturation step at 95°C for 4min; followed by 
35 cycles at 94°C for 20s, 55°C for 30 seconds, 72°C for 20sec-
onds, 72°C for 2 min, and a final elongation step at 72°C for 10 
min. Relative levels of gene expression was expressed relative 
to b-actin and calculated using the 2–DDCt method.

MTT assay

The proliferation of HUVECs was detected by MTT Cell 
Proliferation and Cytotoxicity Assay Kit (Amyjet Scientific 
Inc., Wuhan, China). HUVECs were seeded in 96-well plates at 
the density of 8,000–10,000 cells per well with 200 μl culture 
medium. Supernate was abandoned and then washed with 
PBS for 3 times. After 6, 12, 8 and 24 hours later, MTT (5 g/L, 
20 μl) solution was added to each well and the medium was 
incubated for another 4 h at 37°C. After centrifugation, su-
pernatant was discarded and 200 μl of DMSO was added to 
each well for dissolving the crystallization. The OD value was 
measured at 490 nm by a microplate reader (Tecan Sunrise, 
Mannedorf, Switzerland).

Wound healing assay

HUVECs were seeded in 6-well plates and grew to about 90% 
confluence. With culture solution was discarded, the mono-
layer was wounded by manually scraping with a sterile pipette 
tip. After being washed with PBS for 3 times, HUVECs were 
added with fresh medium and incubated at 37°C. Images of 
wound closure were evaluated with an inverted microscope 
(Olympus, Japan) at sectionalized times. The migration rate 
was quantified with the distance between both sides of the 
edge. The migration rate was calculated by the formula: mi-
gration rate=migration distance/original distance.

Measurement of reactive oxygen species (ROS) levels

Experiment operations were performed using the DCFDA-
Cellular Reactive Oxygen Species Detection Assay Kit (Abcam, 
ab113851) according to the manufacturer instructions. Briefly, 

DCFH-DA was diluted by serum-free culture medium to final 
concentration of 10 μmol/l. After being digested by trypsin from 
culture plate and centrifuged (10,000g), HUVECs were resus-
pended in the 10 μmol/l DCFH-DA at a density 1×106 cells/ml. 
Then, HUVECs were incubated in incubator at 37°Cin the dark 
for 20 min, and then washed with serum-free for 3 times to 
clear the residual DCFH-DA. Fluorescence intensity was mea-
sured for DCF fluorescence with a flow cytometer (Becton, 
Dickinson and Company, New York, USA) and results were cor-
rected for cell number according to the manufacturer instruc-
tions at 530 nm. In addition to those mentioned above, condi-
tions used include hypoxanthine as a positive control and leads 
to a maximum fluorescent signal in both control and CDH PAEC.

Flow cytometry

Apoptotic cells were identified by Annexin V-FITC/PI double 
staining with Dead Cell Apoptosis Kit (Invitrogen USA). Briefly, 
cells were seeded in 6-well plates (4×105 per well). HUVECs 
were harvested and digested by pancreatin without EDTA. After 
being washed with PBS for 2 times, HUVECs were resuspend-
ed in Annexin-binding buffer, and 5 μl Annexin V-FITC and 5 
μl PI were added before incubating at room temperature for 
10–15 mins in dark. FITC and PI fluorescence were analyzed 
by flow cytometry.

Statistical analysis

The results were presented as means ±SEM. All data were re-
corded and analyzed with SPSS 17.0 software (Chicago, IL, 
USA). The differences between individual groups were ana-
lyzed by one-way ANOVA followed by Fisher’s LSD test. P<0.05 
was considered statistically significant.

Results

Upregulated and down-regulated expression of ZEB2

In order to validate the function of ZEB2 on HUVECs, upregu-
lated and down-regulated expressions of ZEB2 were performed 
by plasmid transfection (Figure 1). HUVECs were respectively 
treated with different concentrations of glucose (5.5 mM, 33 
mM). then, protein and mRNA expression levels of ZEB2 were 
detected by western blot and RT-qPCR. Protein expressions of 
ZEB2 in upregulated (overexpression, OE) and down-regulated 
(lower-expression, LE) group were statistically higher or low-
er than that in normal glucose (5.5 mM) group. These results 
indicated that plasmid transfection successfully established 
the ZEB2 overexpression and underexpression cells model.
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Figure 1. �ZEB2 expression in HUVECs mediated by plasmids transfection. (A) The expression of ZEB2 mRNA was detected by RT-qPCR. 
(B) The expression of ZEB2 protein was analyzed by western blot. Data represent means ± standard deviation. * P<0.05, 
** P<0.01 compared with empty vector group. OE and LE groups respectively represents overexpression and lower-expression 
of ZEB2. NG represents normal glucose, and HG represents high glucose.
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Figure 2. �Migration and proliferation vitality of HUVECs were detected by wound healing and MTT assay. (A) Wound healing was 
performed at time-points 0 and 24 hours. (B) Migration rate of HUVECs in each group. (C) Proliferation vitality was 
respectively detected by MTT at 24, 48, 72, and 96 hours. Experiments data were performed in triplicate. * P<0.05 compared 
with the control group.
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HUVECs proliferation and migration

Proliferation and migration of HUVECs were detected by MTT 
assay and wound healing (Figure 2). In the high glucose en-
vironment (33 mM), proliferative and migration activity of 
HUVECs were obviously inhibited compared with normal glu-
cose concentration (5.5 mM). Nevertheless, ZEB2 overexpres-
sion rescued the proliferative and migration activity of HUVECs. 
However, ZEB2 underexpression mildly inhibited the prolifer-
ative and migration activity. These results showed that ZEB2 
overexpression could alleviate the inhibitory state induced by 
hyperglycemia.

Apoptosis of HUVECs induced by high glucose

To examine the role of ZEB2 on the regulation of endothelio-
cyte, the apoptosis of HUVECs induced by high glucose was 
detected by flow cytometry and western blot (Figure 3). As 
shown in Figure 3A and 3B, FCM showed that the percentage 
of apoptotic HUVECs was elevated observably in high glucose 
group compared to NG (5.5 mM) group, indicating that high 
glucose (33 mM) promoted the apoptosis of HUVECs. Then, 
with ZEB2 expression being upregulated, the apoptosis of 
HUVECs was inhibited effectively, indicating that ZEB2 could 
protect HUVECs from apoptosis. However, the apoptosis of 

Figure 3. �Apoptosis of HUVECs induced by high glucose was detected by flow cytometry and western blot. (A) HUVECs were 
stained with Annexin V-FITC/PI for flow cytometry analysis. Apoptotic cells were divided into 2 stages (early apoptotic, 
late apoptotic cells). (B) The total apoptotic rates examined by flow cytometry, including the early and late apoptosis rate. 
(C) Representative bands of Bcl-2, Bax and caspase 3 detected by western blot. (D) Ratio of Bcl-2/Bax. (E) Ratio of cleaved 
caspase 3. Data represent means ± standard deviation. * P<0.05 compared with control group.
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HUVECs was mildly aggravated in ZEB2 down-regulated group 
(LE group). Correspondingly, as shown in Figure 3C–3E, Western 
blot showed that Bcl-2, Bax and cleaved caspase 3 revealed 
the similar condition with flow cytometry. In high glucose con-
trol group, the Bcl-2/Bax ratio was decreased and cleaved cas-
pase d 3 was increased, suggesting that high glucose facilitat-
ed the apoptosis of HUVECs. Afterwards, ZEB2 overexpression 
increased the Bcl-2/Bax ratio and decreased cleaved caspase 
d 3, while ZEB2 underexpression mildly decreased Bcl-2/Bax 
ratio and increased cleaved caspase d 3. Above results dem-
onstrated that ZEB2 overexpression distinctly suppressed the 
apoptosis of HUVECs induced by high glucose.

Measurement of intracellular reactive oxygen species 
(ROS) levels

The levels of intracellular ROS in 4 experimental groups were 
detected by flow cytometry (Figure 4). HUVECs were treated 
with different concentrations of glucose (5.5 mM, 33 mM). ROS 
expression was upregulated in high glucose group compared 
to normal glucose group. Besides, overexpression of ZEB2 ob-
servably decreased the ROS expression, while lower-expres-
sion of ZEB2 slightly enhanced the expression of ROS. The re-
sults showed that ZEB2 could suppress the expression of ROS, 
which might be an approach of apoptosis inhibition by ZEB2.

ZEB2 regulated the MAPK pathway

The regulation of ZEB2 on MAPK pathway was detected by 
western blot (Figure 5). In high glucose (33 mM) culture medi-
um, phosphorylation of p38, JNK and ERK1/2 were statistically 
increased in HUVECs compared with normal glucose (5.5mM). 
Afterwards, phosphorylation of JNK was obviously suppressed 
by ZEB2 overexpression in OE group, which was mildly in-
creased by ZEB2 lower-expression in LE group. However, p38 
and ERK were not obviously affected by up- or down-regulat-
ed of ZEB2. Above results showed that high glucose activates 
MAPK pathway, and ZEB2 overexpression could repress the 
phosphorylation of JNK pathway.

Discussion

ZEB2, one of the important members of the ZEB transcription 
factors family, recognizes and combines the E2 boxes of tar-
get gene promoter region to regulate gene expression. ZEB2 
has been reported to participate in the regulation of epitheli-
al-mesenchymal transition. Our study aims to investigate the 
regulation of ZEB2 on the apoptosis and proliferation of vas-
cular endothelial cells (VECs) through MAPK pathway.

Figure 4. �The levels of intracellular ROS were detected by flow cytometry. (A) ROS in HUVECs that were treated with different 
concentrations of glucose (5.5 mM, 33 mM) was analyzed after 24 h by flow cytometry. (B) Data of ROS expression were 
expressed as mean ±SD of 4 independent groups. The superscript letter on columns represented that * P<0.05 compared 
with control group.
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Our study chooses HUVECs to be the experimental cells. On 
this basis, plasmid transfection was performed to establish 
ZEB2 upregulated and down-regulated models. HUVECs are 
respectively treated with different concentrations of glucose 
(5.5 mM, 33 mM). Western blot and RT-qPCR show that protein 
and mRNA expression of ZEB2 were statistically upregulated 
and down-regulated through plasmid transfection (Figure 1). 
After plasmid transfection, ZEB2 overexpression promotes 
the proliferative and migration activity of HUVECs (Figure 2).

ZEB2 not only participates in the regulation of epithelial-mes-
enchymal transition, but also resists tumor cell apoptosis and 
regulate cell cycle. The apoptosis of HUVECs detected by flow 
cytometry and western blot reveals that ZEB2 overexpression 
distinctly suppressed the apoptosis of HUVECs induced by high 

glucose (Figure 3). Presently, some mechanisms could illumi-
nate the pathogenesis of vascular complications induced by 
high glucose [14]. Among them, certain approaches are acti-
vated by hyperglycemia and act reciprocally. The most likely 
reason for the activation might be the massive generation of 
ROS induced by hyperglycemia [15]. Another study also finds 
ZEB2 play a significant role of anti-oncogene and its overex-
pression could induce the phosphorylation of retinoblasto-
ma tumor-suppressor protein to impede cell cycle G1 phase 
through inhibiting cyclin D1 transcription [16]. From the study 
of bladder cancer, ZEB2 play a role of anti-apoptosis and in-
volve in progress of the bladder cancer, induced by no mat-
ter cisplatin or ultraviolet ray [17]. Furthermore, ZEB2 could 
negative regulative human telomerase reverse transcriptase 
through TGF-b dependent pattern to promote the aging of 

Figure 5. �Phosphorylation activities of p38, JNK, ERK1/2 were detected by western blot. (A, C, E) Typical bands of p38, JNK, ERK in NG 
group (5.5 mM) and HG group (33 mM). (B, D, F) Relative quantified expression p-p38/p38, p-JNK/JNK, p-ERK/ERK. * P<0.05 
compared with the control group.
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cancer cell [18]. ROS could mediate growth, proliferation and 
apoptosis of VECs, and it’s also able to adjust the diastolic 
and retractile function of blood vessels [19]. In our study, ZEB2 
suppresses the expression of ROS (Figure 4), which might be 
an approach of apoptosis inhibition by ZEB2. Upregulated ex-
pression of ROS in HUVECs indicates that high glucose could 
enhance oxidative stress response to cause endothelial inju-
ry [20,21]. Overexpression of ZEB2 decreases the synthesis of 
ROS induced by hyperglycemia to reduce the oxidative stress 
response. The possible mechanism might be illuminated that 
ZEB2 suppresses the expression and activity of Racl gene and 
reduce the generation of active oxygen clusters, such as H2O2, 
to inhibit intracellular oxidation [22,23].

In HUVECs, high glucose activates the MAPK pathway. The 
phosphorylation level of p38, JNK, and ERK are increased in 
high concentration of glucose (33 mM). Our study finds that 
ZEB2 overexpression could enhance the phosphorylation level 
of JNK pathway (Figure 5). However, the phosphorylation levels 
of p38 and ERK are stable without variation in up- or down-
regulated groups. Research has confirmed that high glucose 
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