Zinc finger protein A20 overexpression
inhibits monocyte homing and protects
endothelial cells from injury induced by
high glucose
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ABSTRACT. Diabetes mellitus causes vascular lesions and may
ultimately lead to atherosclerosis. One of the earliest steps in the
development of atherosclerotic lesions is the adhesion of monocytes
to endothelial cells of the vessel wall. It is currently unknown whether
zinc finger protein A20 is able to protect endothelial cells from injury
caused by high levels of glucose and monocyte homing. In our study,
adhesion of monocytes to the vessel wall endothelium was detected by
measuring the rolling velocity of monocytes along human umbilical
vein endothelial cells (HUVECs). Activation of NF-κB was analyzed
through Western blot. HUVEC apoptosis was monitored by TUNEL
in situ end-labeling and flow cytometry. High glucose concentrations
(25 mM) stimulated monocytes, reducing the velocity at which they
roll along HUVECs. Stimulation of monocytes with high levels of
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glucose also induced HUVEC apoptosis. Overexpression of the zinc
finger protein A20 inhibited monocyte recruitment, NF-κB activation,
P-selectin expression, and HUVEC apoptosis induced by high glucose
levels. We conclude that zinc finger protein A20 can protect HUVECs
from injury induced by high levels of glucose and potentially could be
used to develop treatments against diabetic vascular lesions.
Key words: A20 gene; HUVECs; High glucose; Apoptosis;
Monocyte homing

INTRODUCTION
Diabetes mellitus is a metabolic disease caused by insulin deficiency and/or a disturbance in insulin levels. The main characteristic of diabetes mellitus is chronic hyperglycemia.
Previous studies have shown that hyperglycemia can promote the adhesion of monocytes to
vessel wall endothelia, change vascular endothelial structure and function, and ultimately lead
to atherosclerosis. Therefore, hyperglycemia is considered to be primary cause of diabetic
vascular lesions.
A20 was originally identified as a tumor necrosis factor (TNF)-inducible gene in human umbilical vein endothelial cells (HUVECs). Recent studies have shown that A20 is essential for the prevention of spontaneous innate immune cell-mediated inflammation and tissue
destruction. It can inhibit the activation of a number of reporters in endothelial cells, including
vascular cell adhesion molecule 1 (VCAM-1), E-selectin, interleukin-8, and tissue factor. It has
also been reported that A20 can inhibit the induction of endothelial cell apoptosis mediated by
factors such as lipopolysaccharide (LPS) and TNF (Zhu et al., 2004; Patel et al., 2006; Zeng et
al., 2009). However, it is unknown whether the A20 gene is expressed in endothelial cells that
have been stimulated by exposure to high levels of glucose. It is also unknown whether A20
can protect endothelial cells from injuries mediated by high concentrations of glucose. Recent
research indicates that hyperglycemia induced endothelial cell injury is related to nuclear factor
kappa B (NF-κB) (Yang et al., 2008). One of the molecular mechanisms is that A20 can block
NF-κB signaling (Wang et al., 2007; Lutz et al., 2008). In this study, we investigated whether
the effect of A20 was related to NF-κB signaling pathway under high glucose condition.

MATERIAL AND METHODS
Isolation and culture of HUVECs
HUVECs were prepared and cultured as described previously (Wang et al., 2007).
The cells were used in experiments after they had undergone two or three passages. The cells
were exposed to medium containing 25 mM D-glucose (high) or 5 mM D-glucose plus 20 mM
mannitol as an osmotic control (McGinn et al., 2003).

Analysis of A20 expression in endothelial cells
A20 expression was detected in the transfected HUVECs using immunofluorescence.
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In addition, total mRNA was isolated from the HUVECs, and reverse transcriptase-polymerase chain reaction (RT-PCR) was used to analyze A20 expression. A one-step RT-PCR
kit (Promega Corp., USA) was used for RT-PCR analysis with the following primers for
A20: sense, 5'-ATGGCTGAACAAGTCCTTCC-3', and antisense, 5'-TTAGCCATACATCT
GCTTGAA-3' (synthesized by TaKaRa Biotech Co., Ltd., Dalian, China). Immunofluorescence and RT-PCR analyses were performed as described previously (Zhu et al., 2004).

Transfection protocol
When the HUVECs reached 75% confluence in 24-well plates, they were transfected
with pcDNA3.1EHA20 using the TransFastTM Transfection Reagent according to manufacturer instructions. pcDNA3.1 was transfected into HUVECs as the control.

Monocyte rolling assay
Human monocytes were obtained using a modified Recalde method (Fogelman et al.,
1988). Monocytes were collected by venipuncture into Vacutainer tubes that contained 10 U/
mL heparin. For the rolling assays, monocytes were drawn through a parallel flow chamber at
controlled flow rates using a Nano Syringe Pump (KDS 210 pump, Focus, Hong Kong) after the
designated experimental flow regimen had been completed. The rolling velocity of the monocytes along HUVECs was recorded using a camera (Basler, Germany) (Mohan et al., 1999).

NF-κB activation
Nuclear protein was extracted and NF-κB activation was analyzed through Western
blot after HUVECs being cultured in high glucose (25 mM) medium for 12 h. The Protein Extraction Kit was purchased from Shanghai Bioengineering Corp. The detailed procedure was
performed according to the manual and DAB coloration was performed.

P-selectin expression
P-selectin expression in the HUVECs was detected using immunofluorescence after the HUVECs had been cultured in high glucose medium for 12 h. The primary antibody
was a rabbit anti-P-selectin antibody (1:200), and the secondary antibody was a Rhodamine
(TRITC)-conjugated AffiniPure goat anti-rabbit IgG. P-selectin immunofluorescence was analyzed and quantified by confocal fluorescence microscopy.

In situ terminal deoxynucleotidyl transferase biotin-dUTP nick-end labeling
(TUNEL) analysis of apoptosis
HUVECs were harvested after stimulation by high glucose for 72 h. They were then
fixed using 4% paraformaldehyde for 30 min at 4°C, then incubated for 20 min in 3% H2O2/
methanol at room temperature. Triton X-100 (0.1%, diluted with 0.1% natrium citricum) was
then added to the cells, and they were incubated on ice for 2 min. Fifty microliters TUNEL
reagent was then added to the cells and they were incubated for 1 h at 37°C. The cells were
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washed with PBS, and then stained with a fluorescently labeled antibody against endotheliocyte VIII factor, SABC-Cy3. The number of cells was counted using fluorescence microscopy.

Flow cytometric analysis of apoptosis
In order to further analyze the apoptosis induced by high glucose, the HUVECs were
stimulated with high glucose for 72 h. The apoptotic cells were labeled with an Annexin VFITC Kit (Jingmei Biotech Co., Ltd., Beijing, China), and then analyzed by flow cytometry.

Data analysis
The data were analyzed using SPSS13.0 and are reported as means ± SD. All statistical analyses were conducted using the alternate Welch’s method. A P value <0.05 was considered to be significant.

RESULTS
Analysis of A20 mRNA expression by RT-PCR
We also examined A20 expression in HUVECs using RT-PCR in order to determine
whether A20 expression could be induced by high glucose. Little to no A20 mRNA was detected in HUVECs cultured under normal conditions. A20 expression was induced by high
glucose, and A20 mRNA could rapidly increase within as little as 2 h in our RT-PCR analyses
(Figure 1), but little to no A20 mRNA was detected after high glucose stimulation for 24 h.
These results indicate that A20 is an early response gene in HUVECs activated by high concentrations of glucose.

Figure 1. A20 expression was analyzed by RT-PCR. Lane 1 = HUVECs were cultured in normal medium; lane 2
= HUVECs were stimulated by high glucose for 2 h; lane 3 = HUVECs were stimulated by high glucose for 24 h.
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Stable transfection of HUVECs with A20
The pcDNA3.1EHA20 plasmid was stably integrated into HUVECs, thus providing
the opportunity to study the effect of A20 inhibition upon endogenous gene expression in a
regulated manner. Plasmid transfer of A20 using the TransFastTM Transfection Reagent with
G418 selection led to A20 expression levels of over 95% in the HUVECs. Immunofluorescence analyses of HUVECs transfected with pcDNA3.1EHA20 revealed a high level of A20
expression in almost all cells (Figure 2). However, there was no observable fluorescence in the
pcDNA3.1-transfected control endothelial cells. In addition, we observed that A20 was mainly
present in the cytoplasm, which is consistent with its endogenous pattern of expression. The
first antibody is mouse anti-E-tag MoAb; the anti-E-tag MoAb used in these experiments
did not cross-react with human A20, because only the exogenous plasmid pcDNA3.1EHA20
includes an E-tag. The second antibody is Rhodamine (TRITC)-conjugated AffiniPure Goat
Anti-Mouse IgG.

Figure 2. The expression of hA20 is checked by laser scanning confocal microscopy. a. HUVECs. b. HUVECs
with plasmid pcDNA3.1. c. HUVECs with plasmid pcDNA3.1EHA20.

Monocyte homing
The reduced velocity rolling of monocytes along the endothelial surface plays an important role in the early stages of inflammation. In the control group (cells were cultured in
normal medium), the rolling rate of monocytes was 0.6089 ± 0.051 mm/s; in the pcDNA3.1transfected group (cells were cultured in high glucose medium), the rolling rate was 0.4551
± 0.052 mm/s, and in the pcDNA3.1EHA20-transfected group (cells were cultured in high
glucose medium), the rolling rate was 0.5842 ± 0.023 mm/s (Figure 3). There was a statistically significant difference in the rolling rates between the control group of cells and the
pcDNA3.1-transfected group (P < 0.01), indicating that high levels of glucose could increase
the adhesion between monocytes and HUVECs. The difference between the rolling rates in the
pcDNA3.1EHA20 and pcDNA3.1 groups was also significant (P < 0.01); however, there was
no significant difference between the rolling rates of the pcDNA3.1EHA20 and the control
group (P > 0.05), indicating that expression of A20 could prevent the reduction in the velocity
of monocyte rolling mediated by high levels of glucose. These results imply that A20 plays an
important role in the prevention of inflammation.
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Figure 3. Monocytes rolling rate along HUVECs. In the control group, HUVECs were cultured in normal medium.
In the PcDNA3.1 and pcDNA3.1EHA20 groups, HUVECs were cultured in high glucose medium.

NF-κB activation
We found that NF-κB activation was greatly increased by high glucose in the
pcDNA3.1-transfected group, but was inhibited in the pcDNA3.1EHA20-transfected group
(Figure 4).

Figure 4. Western blot analysis of NF-κB activation when HUVECs was stimulated by high glucose for 12 h. Lane
1 = HUVECs; lane 2 = HUVECs with plasmid pcDNA3.1; lane 3 = HUVECs with plasmid pcDNA3.1EHA20.
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P-selectin expression
The results of the immunofluorescence analyses demonstrated that treatment of
HUVECs with high levels of glucose induced the expression of P-selectin. However, expression of A20 significantly inhibited the expression of P-selectin in the HUVECs (Figure
5), and the percentage inhibition was greater than 80-90%.

Figure 5. The expression of P-selectin in HUVECs was stimulated by high glucose for 12 h (b, c, and d) at 1000X.
a. Blank control (cultured in normal medium). b. HUVECs. c. HUVECs with plasmid pcDNA.1. d. HUVECs with
plasmid pcDNA3.1EHA20.

Overexpression of A20 inhibits HUVECs apoptosis induced by high glucose
It has previously been reported that A20 is an early response gene and can protect
cells against cytokine-mediated cytotoxicity. Other studies have shown that hyperglycemia
can damage endothelial cells and induce their apoptosis. Therefore, we tested whether A20
could protect HUVECs against injury induced by high glucose (Figure 6; Table 1; Figure 7).

Figure 6. The apoptosis of HUVECs was determined by fluorescence microscopy at 400X. a. HUVECs were
determined by von Willebrand factor. b. The apoptosis of HUVECs in the same visual field was counted by
fluorescence microscopy. c. a + b.
Table 1. The apoptosis of human umbilical vein endothelial cells (HUVECs) was counted through a fluorescence
microscope.
HUVECs
In high level glucose medium
In normal medium

Blank control

pcDNA3.1

pcDNA3.1EHA20

28 ± 2%*
4 ± 1%

29 ± 1%*
6 ± 2%

11 ± 1%**
6 ± 1%

*P < 0.01 compared with HUVECs in normal medium. **P < 0.01 compared with the pcDNA3.1-transfected group
or the control group cultured in high glucose medium.
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Figure 7. The apoptosis was detected through flow cytometric analysis. 001. HUVECs without any plasmid. 002.
HUVECs with plasmid pcDNA3.1. 003. HUVECs with plasmid pcDNA3.1EHA20.

The results from the TUNEL and flow cytometry analyses indicated that high levels of
glucose could induce significant apoptosis in HUVECs. In the blank control, the percentage of
apoptotic cells was 28 ± 2%, and in cells transfected with pcDNA3.1, this percentage was 29 ±
1%. The difference between the levels of apoptosis in these two groups was not significant (P
> 0.05), and a similar result was obtained by flow cytometry (25.64 and 20.27%). In contrast,
the percentage of apoptotic cells in the HUVECs transfected with pcDNA3.1EHA20 was much
lower (11 ± 1 and 3.48%, respectively) than that in the cells transfected with pcDNA3.1 and the
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blank control, and there was a significant difference (P < 0.01). Therefore, these experiments
demonstrated that A20 could protect HUVECs from the apoptosis induced by high glucose.

DISCUSSION
A20 is an early response gene in endothelial cells and can protect against the inflammation and apoptosis induced by LPS, CD40 ligation, the LMP1 protein of EBV, and the Tax
protein of HIV. However, it is unknown whether A20 can maintain its protective function in
HUVECs stimulated by treatment with high concentrations of glucose. In order to investigate
the protective role of A20 under hyperglycemic conditions, a plasmid encoding for the A20
cDNA was transfected into HUVECs using the TransFastTM Transfection Reagent, and the
cells expressing A20 were selected using G418.
There is evidence to suggest that endothelial dysfunction may be involved in the
pathogenesis of diabetic macro- and microangiopathy (La Fontaine et al., 2006). Recent studies have implicated hyperglycemia in the pathogenesis of macro- and microvascular disease
in diabetes mellitus. Exposure of the endothelium to hyperglycemic conditions can lead to
endothelial dysfunction and apoptosis. Most investigators believe that high glucose concentrations can induce oxidative stress and apoptosis in endothelial cells though NF-κB signaling
(Romero et al., 2008). A20 is an important protective gene for endothelial cells. One of the
mechanisms is that A20 can block NF-κB signaling, while NF-κB signaling is very important
in endothelial injury and apoptosis induced by hyperglycemic conditions (Zhu et al., 2004).
We suppose that A20 protects endothelial cells against apoptosis and monocyte adhesion induced by high glucose throuth NF-κB blocking.
Our results indicate that high glucose concentrations can induce HUVEC injury and
apoptosis, while at the same time increasing monocyte adhension to HUVECs. This may be an
important reason why vascular lesion incidence is very high in the diabetics. A20 can inhibit
NF-κB activation. A20 overexpression can protect HUVECs against apoptosis induced by
high glucose. A20 leads to a decrease in the percentage of apoptotic cells, and there is a significant difference in the number of apoptotic cells when compared with the control HUVECs
transfected with pcDNA3.1.
P-selectin belongs to the selectin family of adhesion molecules, and is important for
the initiation and maintenance of the inflammatory reaction. Therefore, P-selectin is a good
marker of endothelial cell inflammation. It plays an important role in endothelial cell activation, leukocyte adhesion and leukocyte infiltration. Our results show that there is no P-selectin
expression in HUVECs cultured under normal conditions, and there is no storage in the endochylema. However, when HUVECs are stimulated by high concentrations of glucose, Pselectin expression sharply increases. This indicates that high levels of glucose can activate
endothelial cells. A20 overexpression, however, can inhibit >80% of the P-selectin expression
induced by treatment with high levels of glucose when compared with the control group.
Previous reports have clarified that high glucose can induce NF-κB expression. NFκB is a nuclear factor functioning in a number of transcription regulations. It can activate
the expression of more than 150 kinds of factors, and is the focal point of multiple signal
transduction pathways. P-selectin belongs to the adhesion molecule family and is also one of
the important downstream effector molecules of NF-κB. It has been reported that in order for
monocytes to enter a tissue, they must first undergo a cascade of events during the early stages
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of inflammation. These events consist of monocyte rolling, adhesion and migration. These
reactions are regulated by adhesion molecules expressed in monocytes and on the surface of
endothelial cells, in which P-selectin is one of the important regulatory molecules. NF-κB activation can promote the expression of P-selectin in endothelial cells. Binding of P-selectin to
its ligand (monocyte expression of PSGL-1) promotes monocyte adhesion, and high glucose
induces apoptosis of endothelial cells, exposing the subcutaneous tissue, which speeds up
monocyte adhesion and migration and thus leads to inflammation. Our results indicated that
high glucose can increase P-selectin expression on the endothelial cell surface and decrease
the velocity of monocyte rolling along HUVECs. This provides the monocytes with the opportunity to adhere to HUVECs. By inhibiting NF-κB activation, A20 may reduce P-selectin
expression and inhibit monocyte adhesion, demonstrating that A20 plays an important role
in inhibiting the initiation of the inflammatory reaction. Meanwhile, A20 can protect endothelial cells against apoptosis induced by high glucose, leading to the protection of vascular
endothelium.
Therefore, we have shown that A20 is a potent protector of the apoptosis induced by
high levels of glucose, suggesting that, in the future, it may play an important role in the treatment of diabetic vascular lesions.
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