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Abstract Hyperhomocysteinemia is a risk factor for car-

diovascular disease and the mechanism of homocysteine

(HCY)-induced vascular endothelial cell injury has been

intensively studied for many years. Recently, a large number

of studies have shown inhibitory effects of genistein (GEN),

a soy isoflavone, in the process of endothelial cell injury. In

the present study, the protective effects of GEN in HCY-

induced endothelial cell inflammatory injury were investi-

gated. A model of HCY-induced endothelial cell (ECV-304)

inflammatory injury was established in vitro, and the pro-

tective effect of GEN in this procession was explored.

According to our results, GEN protected HCY-induced

endothelial cell from viability decreases, meanwhile pre-

vented the changes of cell morphology and the production of

reactive oxygen species (ROS). The expression of NF-kB

P-65, IL-6, and ICAM-1 was all down-regulated. During the

HCY-induced endothelial cell injury, the endothelial cell

apoptosis and proliferation disorder were alleviated. There-

fore, we conclude that HCY-induced endothelial cell

inflammatory injury could be blocked by GEN. The present

findings suggest that GEN protects HCY-induced endothe-

lial cell inflammatory injury may through reducing the

release of ROS, inhibiting NF-kB activation, down-

regulating the expression of cytokine IL-6 and adhesion

molecules ICAM-1, avoiding inflammatory cells and platelet

adhesion, accordingly, leading to a balance of endothelial

cell proliferation and apoptosis.
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Introduction

Arteriosclerosis (AS), a cardiovascular disease, is seriously

dangerous to human health. Its occurrence and development

rely on a variety of factors, such as elevated blood lipids,

increased reactive oxygen species (ROS), the injury of

endothelial cells, and activation of NF-kB signaling pathway

[1–3]. Atherogenesis is a complex inflammatory process

which initiates with endothelial dysfunction and leads to

plaque formation mostly in the presence of excess cholesterol

[4]. Although the pathogenesis of atherosclerotic vascular

disease involves multifactorial processes, accumulating evi-

dences demonstrated that inflammation and its subsequent

endothelial dysfunction play a fundamental role in the initi-

ation and progression of atherosclerosis [5]. The relationship

between hyperhomocysteinemia and atherosclerosis was

originally proposed more than 40 years ago by McCully [6].

Previous clinical and experimental studies have indicated that

moderate increases in plasma HCY concentration are casual

risk factors for vascular disease including atherosclerosis [7–

10]. Previous studies have shown that HCY could induce the

injury of vascular endothelial cell [11], but the mechanism

remains controversial. Overproduction of ROS can damage

vascular endothelial cells, numerous in vivo and in vitro

studies have implicated that endothelial cell damage and

death may play an important role in the development of
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atherogenesis [12]. Recent studies recognized that athero-

sclerosis is strongly modulated by proinflammatory mediators

such as thrombin, tumor necrosis factor-alpha (TNF-a), and

injured ECs-secreted cell adhesion molecules vascular cell

adhesion molecule-1 (VCAM-1) and intracellular adhesion

molecule-1 (ICAM-1) [13–15]. Further studies have indicated

the elevated expression of proinflammatory chemokines such

as IL-8 and adhesion molecules, including VCAM-1, ICAM-

1, and endothelial-leukocyte adhesion molecule-1 [16–19].

These studies indicated that HCY influences endothelial cell

injury, whereas the exact mechanism is still unclear.

GEN, the primary isoflavone found in soybeans, has been

highlighted for its antioxidant effects and ability to activate

the transcription of various genes. Due to its antioxidative

properties, GEN effectively scavenges ROS and inhibits

lipid peroxidation [20]. GEN has been shown to inhibit

endothelial cell proliferation and angiogenesis in vitro and

in vivo [21, 22]. Further research showed that GEN may be

involved in the prevention of coronary heart disease by

directly regulating human coronary artery endothelial cells

(HCAEC) survival [23]. It also has been reported that GEN

reduces hyperglycemia-induced vascular inflammation in

ECs at physiological relevant concentrations [24]. However,

the effects of GEN and the underlying mechanism about

HCY-induced endothelial cell injury remain unclear. Here,

we hypothesize that GEN alleviates HCY-induced vascular

inflammation. In this study, we evaluate the effects of GEN

in the prevention of HCY-induced endothelial inflammation

in human umbilical vein ECs (HUVECs) at physiologically

achievable concentration; we also analyzed various

inflammatory components and examined the possible

mechanisms involved in it.

Materials and methods

Materials

HCY(D090821), GEN(G0272), DCFH-DA(D6883), DMSO

(D5879), and Hepes were purchased from Sigma-Aldrich

(USA). Human umbilical vein endothelial cell (ECV-304)

was purchased from Biological collection center, Wuhan

University. Culture medium RPMI-1640 was purchased

from GIBCO (USA). New calf serum was purchased from

Sijiqing Company (Hangzhou). MTT(M8180) was pur-

chased from Fluka (USA). IL-6(F20220) and ICAM-

1(F20160) ELISA test kit were purchased from Shanghai

west tang Biotechnology Company. Nucleo-capsid protein

extraction kit (KGP1201) was purchased from Nanjing ke-

ygen engineering co., LTD. The primary antibodies of NF-

jB p65 and b-actin were purchased from Santa Cruz (USA).

Chemiluminescence enhance fluid was purchased from

Pierce (USA).

Cell culture

All experimental operations were ethically approved and

carried out by Zhengzhou traditional Chinese Medicine

Hospital ethics committee. Human umbilical vein endo-

thelial cell ECV-304 was cultured in RPMI 1640 medium

containing 10 % new calf serum in 37 �C and 5 % CO2

incubator. All experimental manipulations are used loga-

rithmic phase cells.

MTT assay

Cell viability was assessed by living cells mitochondrial

succinate dehydrogenase can make the exogenous MTT

[(3, 4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium

bromide] to formazan and deposition in the cell. Briefly,

cell concentration was adjusted to 4 9 104/mL and seeded

in 96-well plates, each well 100 lL then incubated for

24 h. When Adherent cell grown about 80 % of the plate,

the original culture was abandoned, then we added differ-

ent concentrations of GEN (0, 10, 50, 100 lM) and incu-

bate for further 12 h. After that, we stimulated with

5.0 mM HCY in 100 lL RPMI 1640 for another 48 h.

Subsequently, 20 lL MTT (5 mg/mL) was added into each

sample and cells were incubated in the dark for 4 h, then

100 lL dissolved liquid (10 % SDS ? 5 % isobuta-

nol ? 0.012 mol/l HCL)was added into each well until the

formazan was dissolved. Cells viability was determined by

measuring the absorbance at 570 nm using an ultraviolet

spectrophotometer (BIO-RAD, USA). All cell survival

assays were performed in quintuplicate and repeated in

three independent experiments.

Cell morphology observation

Cells were seeded into 6-well plates in a concentration of

1 9 105/mL in cell culture medium. When the adherent

cells were 80 % confluent, abandoned the original culture

and treated the cells with different concentrations of GEN

(0, 10, 50,100 lM) for 12 h. After that we incubated with

5.0 mM HCY for 48 h. Cell morphology was observed

under an inverted microscope.

Detection of IL-6 and ICAM-1

The generation of IL-6 and ICAM-1 was detected by

ELISA assay. When the adherent cells were about 80 %

confluent, we abandon the original culture. Cells were

treated with different concentrations (0, 10, 50,100 lM)

of GEN for 12 h then added 5.0 mM HCY. The super-

natant was collected at 0, 6, 12, 24 h and detected the

expression levels of IL - 6 and ICAM - 1 in supernatant,

respectively.
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Flow cytometry assay

ECV-304 cells were seeded in 6-well plates in 2 mL RPMI

1640 complete culture medium at an equal density of

5 9 104/mL. When the adherent cells were about 80 %

confluent, we abandon the original culture. Cells were

treated with different concentrations (0, 10, 50, 100 lM) of

GEN for 12 h then added 5.0 mM HCY for further 2 h.

Subsequently, 10 lM DCFH-DA was added into each

sample and cells were incubated at 37 �C for 20 min. After

that, cells were digested by trypsin digestion and collected

into a centrifuge tube 1,000 r/min for 5 min. Cells were

washed twice and resuspended in 300 lL PBS and ana-

lyzed by FACS.

Western blotting analysis

Cells were resuspended in RIPA lysis buffer. Aliquots of

cell extracts were resolved on a 10 % SDS-PAGE gel and

then transferred onto a nitrocellulose membrane using a

semi-dry transfer apparatus. The primary antibodies used

were NF-kB p65 (1:200), b-actin (1:5,000). HRP-conju-

gated goat anti-mouse IgG was used as secondary anti-

bodies. After washing with PBST, membranes were

incubated with chemiluminescent substrate for 5 min.

Protein bands were visualized by exposing the membranes

to X-ray film.

Statistical analysis

The Data were presented as the mean ± SD. Results were

analyzed by the one way ANOVA using SPSS 19.0 soft-

ware. Experimental and control groups were compared

using Dunnett-t test, P \ 0.05 was considered different.

Results

GEN restores the ECV-304 cell damage induced

by HCY

ECV-304 cells were pre-treated with different concentra-

tions of GEN (0, 10, 50, 100 lM) for 12 h and then

incubated with HCY (5.0 mM). Our results showed that

after incubating with GEN, the cell activity of GEN group

was significantly higher than HCY (5.0 mM) treatment

group (Table 1, P \ 0.01). Compared with the control

group, HCY (5.0 mM)-treated group showed the lowest

activity (P \ 0.01). The cell activity was significantly

increased along with the increase of GEN concentrations,

but there is no significant difference when the concentra-

tion of GEN is 100 lM compare with control (P [ 0.05).

Therefore, HCY can really damage the endothelial cell and

decreased cell activity, and different concentrations of

GEN can suppress this injury and restore the endothelial

cell damage (Table 1).

Compared with the control group,*P\0.05, **P\0.01;

alone compared with 5.0 mM group, #P\0.01. A Normal

control, B HCY 5.0 mM, C GEN 10 lM ? HCY 5.0 mM,

D GEN 50 lM ? HCY 5.0 mM, E GEN 100 lM ? HCY

5.0 mM.

Cell morphology

Normal ECV-304 cells were smooth and plump, showing

single cobblestone mosaic arrangement under an inverted

microscope. After stimulate with 5.0 mM HCY, cell

become shrink, round, connected to each other, and cell

arrangement becomes cluttered and gathered into a group.

These phenomena indicated that cell suffered from serious

damage. Based on this, cells were pre-treated with different

concentrations of GEN (0, 10, 50, 100 lM) for 12 h, and

then incubated with 5.0 mM HCY for another 24 h, we

found that cell morphology was gradually improved with

the increase of GEN concentration.

We also found that the gap between cells was narrow;

the connections between cells were more intend, and,

cell boundary was more clearly, a few cells revert to

short spindle when GEN at a low concentration was

used. Cell morphology was significantly improved after

stimulated with GEN in HCY 5.0 mM, most of cells

showing short spindle, polygonal, or monolayer, some

cells still express shedding phenomenon but has been

greatly restored. In the high concentration of GEN

group, cells plump, uniform size, and there are almost

no visible shedding cells, morphology returned to nor-

mal, there is no significant difference when compared

with the control (Fig. 1a).

Table 1 The effects of GEN on HCY-induced dropping of cell via-

bility (n = 4, �x ± s)

Group OD Cell viability(%)

A 0.84 ± 0.04 100.00 ± 4.54

B 0.35 ± 0.04** 41.27 ± 5.09**

C 0.54 ± 0.08**# 64.49 ± 9.08**#

D 0.64 ± 0.05*# 75.79 ± 6.1*#

E 0.79 ± 0.02# 94.25 ± 2.31#

F 62.51 65.42

P \0.01 \0.01

MS 0.003 34.302

Compared with the control group, *P\0.05, **P\0.01; alone com-

pared with 5.0 mM group, #P\0.01

A Normal control, B HCY 5.0 mM, C GEN 10 lM ? HCY 5.0 mM,

D GEN 50 lM ? HCY 5.0 mM, E GEN 100 lM ? HCY 5.0 mM
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HCY promotes the generation of IL-6 and ICAM-1

After incubating with 5.0 mM HCY for different times (6,

12, and 24 h), we found that the generation of IL-6 and

ICAM-1 was significantly increased, and the peak appeared

at about 12 h, followed by gradually decreasing. There has

a significantly difference compared with 0 h (Fig. 1b,

P \ 0.01).

When we pre-treated the cells with GEN (0, 10, 50,

100 lM) for 6 h after incubating with 5.0 mM HCY, the

generation of IL-6 and ICAM-1 was decreased. The IL-6

generation in the cells treated with GEN 100 lM plus HCY

5.0 mM decreased most acutely compared with that in the

cells treated with HCY 5.0 mM alone and the difference

was statistically significant (P \ 0.05). There has no sta-

tistically significance of ICAM-1 generation between GEN

0 lM group and control group (Fig. 1c, P [ 0.05).

GEN inhibits the generation of ROS induced by HCY

Our results showed that after treated with 5.0 mM HCY on

ECV-304 cells for 2 h, the generation of ROS in cells was

170.12 ± 15.90, and the control group was 37.67 ± 5.61.

The peak moved toward right and fluorescence changes

more intensity. The differences between these two groups

were statistically significant (P \ 0.01). After pre-treating

cells with different concentrations (0, 10, 50, 100 lM) of

GEN for 12 h, then added 5.0 mM of HCY for further

2 h, the generation of ROS was 138.04 ± 16.02, 116.95 ±

14.09, 43.47 ± 9.86, respectively. The peak moved toward

left along with the increase of GEN concentration. There-

fore, GEN could inhibit the generation of ROS induced by

HCY (Fig. 2).

GEN can block the expression of NF-kB p65 protein

induced by HCY

After treating ECV-304 cells with 5.0 mM of HCY, the

expression of nucleus NF-jB p65 protein showing a sig-

nificant increase compared with the control, the difference

was statistically significant (P \ 0.05), indicated that HCY

can promote nuclear translocation of NF-kB. When we

added different concentrations (0, 10, 50, 100 lM) of GEN

for 12 h, the expression of NF-jB p65 protein was grad-

ually decreased along with the increase of GEN concen-

tration (Fig. 3). Especially the group of 100 lM GEN had

Fig. 1 a The changes in the morphology of ECV-304 cells induced

by HCY and GEN. ECV-304 cells were pre-treated with various

concentrations of GEN (0, 10, 50, and 100 lM) for 12 h and

subsequently incubated with HCY (5.0 mM) for further 24 h; cell

morphology was observed under the inverted microscope. A Normal

control, B HCY 5.0 mM, C GEN 10 lM ? HCY 5.0 mM, D GEN

50 lM ? HCY 5.0 mM, E GEN 100 lM ? HCY 5.0 mM. b The

concentrations of IL-6, ICAM-1 treated by 5.0 mM HCY for different

times. ECV-304 cells were treated with HCY (5.0 mM) for different

times (0, 6, 12, and 24 h), the concentrations of IL-6 and ICAM-1

were measured with IL-6 and ICAM-1 ELISA test kit. c The inhibited

effects of GEN on HCY-induced elevation of IL-6, ICAM-1. ECV-

304 cells were pre-treated with different concentrations of GEN (0,

10, 50, and 100 lM) for 6 h, and then incubated with HCY (5.0 mM)

for additional 12 h. The concentrations of IL-6 and ICAM-1 in the

supernatant were measured with IL-6 and ICAM-1 ELISA test kit
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no significant difference in gray values when compared

with the control group (P [ 0.05), but had a significant

difference when compared with the 5.0 mM HCY group

(P \ 0.01). Therefore, GEN showed an ability of blocking

the expression of NF-kB p65 protein induced by HCY

(Fig. 3).

Discussion

Atherosclerosis results from injury to the vein endothelium

caused by mechanical and environmental factors, resulting

inflammatory response in the vessel wall [25]. Previous

studies have shown that HCY-induced vascular endothelial

cell injury is an independent risk factor for atherosclerosis

[10, 11] and can result in large amounts of oxygen free

radicals, reactive oxygen species, and so on. Overproduc-

tion of ROS can damage vascular endothelial cells, and

numerous in vivo and in vitro studies have implicated that

endothelial cell damage and death may play a role in the

development of atherogenesis [12]. After endothelial cell

injury, NF-kB is activated, allowing the increased expres-

sion of inflammatory cytokines IL-6 and adhesion mole-

cules ICAM-1 promoting the formation of atherosclerotic

plaques [17, 18, 26]. As it has been previously shown by

Plazar and Jurdana, the normal and abnormal HCY levels

are set by individual laboratories. However, the concen-

tration of HCY is considered normal at levels \13 lM,

levels between 13 and 60 lM are considered moderately

elevated, and levels [60–100 lM are considered signifi-

cantly elevated [27]. Elevated HCY levels are associated

with increased formation of ROS, especially super oxide

Fig. 2 The effects of HCY and its combination with GEN on ROS

levels in ECV-304 cells. ECV-304 cells were pre-treated with

different concentrations of GEN (0, 10, 50, and 100 lM) for 12 h,

subsequently incubated with HCY (5.0 mM) for 2 h. ROS levels were

measured with Flow cytometry (BECKMAN COULTER Gallios,

USA). a Normal control, b HCY 5.0 mM, c GEN 10 lM ? HCY

5.0 mM, d GEN 50 lM ? HCY 5.0 mM, e GEN 100 lM ? HCY

5.0 mM

Fig. 3 The expressions of p65 protein in different groups of ECV-

304 cells treated by Western blot (%). ECV-304 cells were seeded in

6-wells plates in a density of 5 9 105/mL, and exposed to GEN for

various concentrations (0, 10, 50, 100 lM) after pre-treated with

5.0 mM of HCY. The expression of NF-kB p65 was determined by

Western blot analysis. b-actin was used as an equal-loading control of

samples
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anion in vascular cells [28, 29] ,Therefore, our results

suggest that high concentrations of HCY may diminish the

synthesis of NO in endothelial cells, contributing to the

development of atherothrombotic processes [30]. Endo-

thelial apoptosis represents the critical event for the initi-

ation of atherosclerosis [4]. Recently, the role of nitrative

stress in HCY-induced endothelial dysfunction had drawn

much attention. As we know, high levels of HCY may

promote oxidative stress in endothelial cells as a result of

production of reactive oxygen species [31].

Previous studies have shown that treatment with low

(physiological) concentrations of the soya isoflavone GEN

significantly protects vascular endothelial cells against

oxidative stress-induced loss of cell viability and apoptosis

[32]. In the present study, we used 5.0 mM of HCY-

induced endothelial cell, and then adding different con-

centrations of GEN. In conclusion, GEN can protect

against oxidative stress-induced endothelial cell injury by

altering the expression of antioxidant genes and elevating

antioxidant enzyme and GSH levels. The present results

provide the basis for further evaluation of the effects of

soya isoflavones with regard to their potential in the

treatment of CVD. Moreover, the present findings suggest

that the lower incidence of CVD in Asian populations

compared with Western populations may be at least par-

tially due to the higher plasma concentration of GEN in

Asian individuals. It has been shown that GEN inhibits the

activation of NF-kB and Akt signaling pathways [33, 34],

both of which are known to maintain a homeostatic balance

between cell survival and apoptosis. Moreover, GEN

antagonizes estrogen- and androgen-mediated signaling

pathways in the processes of carcinogenesis [35, 36].

Furthermore, GEN has been found to have antioxidant

properties and has been shown to be a potent inhibitor of

angiogenesis and metastasis [37, 38].The maximum

attainable plasma concentration of GEN is approximately

1–4 IM for people taking a single soy meal [39]. Mounting

evidence links the intake of isoflavones in soy rich foods to

lower rates of prostate and breast cancers in Asian coun-

tries than in Western population [37]. GEN is the pre-

dominant isoflavone found in soybean-enriched foods. In

addition to its anticancer properties, GEN has an excellent

bioavailability via oral administration and safety use for

clinical transition [40]. In line with this information, we

started our work evaluating the anti-inflammatory activity

of GEN in HCY-induced endothelial cell injury.

The vasculoprotective effects of GEN were also repor-

ted in previous studies, but the underlying mechanism

remains elusive. The protective effect of GEN on vascular

inflammation is independent of ERs or its potential anti-

oxidant effect, but largely depends on a PKA-mediated

mechanism. Other findings provide the evidences sug-

gesting that GEN may be a novel agent to protect

vasculature against TNF-a-caused inflammation and dys-

function [41]. The other study indicates that proteome

analysis allows the rapid identification of cellular target

proteins of GEN action in endothelial cells exposed to the

endothelial stressor HCY, therefore enables the identifica-

tion of molecular pathways of its antiatherosclerotic action

[42]. In the present study, we found that GEN could down-

regulate the expression of NF-kB p65, which associated

with the proliferation and apoptosis of cells and the pro-

duction of some cytokines. However, whether protection or

activation of this pathway plays an essential role in medi-

ating the anti-inflammatory effect of GEN in vivo needs

further investigation.

The findings in the present study demonstrate that tar-

geting NF-kB p65 or ROS, and inhibition of the expres-

sions of cytokines IL-6 and adhesion molecules ICAM-1

by GEN may be an important mechanism for the sup-

pression of anti-inflammatory activity (Fig. 4). This study

provides a diagnose basis for the clinical therapy of car-

diovascular disease using GEN.
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