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Abstract: Objective: This study aims to observe the protective effects of heparin on endothelial cells in sepsis and ex-
plore the involved signal pathway regulated by heparin. Methods Human vascular endothelial cells were treated by
TNFa in vitro to simulate the inflammatory environment when sepsis occurred. They were intervened by heparin and
the expression levels of soluble thrombomodulin (sTM) and serum activated protein C (APC) were detected by ELISA,
the regulatory mechanism of heparin improving vascular endothelial cells injury induced by TNFa was detected by
Western Blotting method, the methylation of histone in the gene promoter region of endothelial nitric oxide synthase
(eNOS) and monocyte chemotactic protein-1 (MCP-1) were detected using chromatin immunoprecipitation method.
Results Heparin could inhibit the secretion of sTM and APC protein and the expression of MCP-1 gene which in-
volved in NF-kB signal pathway. Conclusions Heparin could protect vascular endothelial cells from injury induced by
TNFa and sepsis, the mechanisms were related with the effects of heparin on the histone methylation of promoter
region and the regulation of heparin on the MAPK and NF-kB signal pathways. These results provide a theoretical
basis for the application of heparin in the prevention and treatment of vascular disease related with sepsis.
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Introduction

Sepsis is often accompanied by chronic inflam-
mation. Inflammation could lead to vascular
endothelial injury and was also an important
reason for the occurrence and development of
vascular complications of sepsis. Heparin is an
anticoagulant and a polymer composed of two
kinds of polysaccharides connected alternate-
ly. The application of heparin expands along
with the progress of pharmacology and clinical
medicine.

Studies showed that it had many pharmacologi-
cal activities such as antioxidant, anti-inflam-
matory, anti-atherosclerosis, blood pressure-
lowering, lipid-lowering and hypoglycemic func-
tions and was widely used in the prevention
and treatment of sepsis and cardiovascular
disease [1, 2]. The methylation of histone relat-
ed to epigenetics was directly involved in the
process of vascular endothelial cell inflamma-
tory injury in sepsis as regulation of gene
expression, which became a new way for the
prevention of vascular disease in sepsis [3].

In this study, human vascular endothelial cells
were treated by TNFa in vitro to simulate the
inflammatory environment when sepsis occur-
red. They were intervened by heparin and the
expression of proteins related with vascular
function and inflammation in culture superna-
tant were detected. The methylation of histone
in the gene promoter region of endothelial nitric
oxide synthase (eNOS) and monocyte chemo-
tactic protein-1 (MCP-1) were detected using
chromatin immunoprecipitation method [4, 5],
which could provide a theoretical basis for the
application of heparin in the prevention and
treatment of vascular disease related with
sepsis.

Materials and methods

Materials

Vascular endothelial cells were purchased from
American ATCC; RT-PCR kits (TaKaRa Biotech
(Dalian) Co., Ltd., Dalian, China); RIPA lysis buf-
fer (Beyotime Institute of Biotechnology,
Shanghai, China); BAC protein assay kit, PBS,
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Figure 1. The serum sTM protein levels in differ-
ent concentration of heparin intervention group.
*Compared with control group, P<0.05.

PMSF and RNase A (Sangon Biotech (Shanghai)
Co.,Ltd, Shanghai, China); 0.25% Pancreatin-
EDTA and APOAV (Boster Biotech Co.,Ltd,
Wuhan, China); Antibodies of B-actin, PPARq,
LXRa, Goat anti-mouse IgG(H+L)-HRP, Goat
anti-rabbit IgG(H+L)-HRP (Proteintech Inc,
Chicago, IL, USA).

The serum sTM and APC proteins were de-
tected by ELISA

The standard sample was diluted according to
the manual. The buffered solution of the anti-
gen to be tested for and standard sample were
added to ELISA coated plate. Then they were
incubated at 37°C for 2 h and washed with PBS
for 5 times after that.

A secondary antibody was added and incubat-
ed at 37°C for 1 h, washed with PBS after that.
The substrate and chromogenic agents were
added and incubated at 37°C for 15 min avoid
light. The terminated solution was added into
them after that. The optical density (OD) values
were measured at 450 nm wavelength. The
standard curve was drawn according to the
serial dilutions of standard sample and the con-
centration of samples was calculated com-
pared to the standard curve.

The expression levels of NF-kB and P38-MAPK
in brain tissue detected by Western-blotting

Total proteins were lysed by RIPA lysis buffer
and extracted to quantify using BAC protein
assay kit according to the manual. They were
analyzed with SDS-PAGE electrophoresis. Then
it was electro-transferred to the PVDF mem-
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Figure 2. The expression levels of APC gene in differ-
ent concentration of heparin intervention group. The
expression levels of NF-kB, P38 and MAPK in high
dose heparin group were lower than that of control

group.

brane. The membrane containing the proteins
was used for immunoblotting with required
antibodies. The first antibodies were anti-
NF-kB, anti-p38-MAPK and anti-B-actin (1:
1000). The second antibodies were anti-rabbit
and anti-mouse antibody with Horseradish
Peroxidase. The protein bands were scanned
and quantified as a ratio to B-actin.

Chromatin immunoprecipitation (CHIP)

The methylation of histone in the gene promot-
er region of endothelial nitric oxide synthase
(eNOS) and monocyte chemotactic protein-1
(MCP-1) were detected using chromatin immu-
noprecipitation method. They were performed
according to the protocol of CHIP kit.

Statistical analysis

The data were analyzed using SPSS13.0 soft-
ware. The variance analysis ANOVA was con-
ducted for comparison among groups. A value
of P<0.05 and P<0.01 was considered statisti-
cal significance.

Results

The effects of heparin on the serum sTM
protein

The results of ELISA indicated that heparin
could inhibit the expression of sTM gene. Figure
1 showed that the effects of heparin on vascu-
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Figure 3. The effects of heparin on the expression of NF-kB, P38 and MAPK 1: Control, 2: Low dose group, 3: High

dose group. *Compared with control group, P<0.05.

lar endothelial cell injury was dose dependent,
the protein levels of serum sTM decreased with
the increased concentration of heparin. The
most obvious inhibition effects were in 4 ug/ml
and 2 pg/ml heparin intervention group
(P<0.05). There was no difference among 0.25
pg/ml and 0.125 pg/ml heparin intervention
group and DMSO group (P>0.05).

The effects of heparin on the APC protein

The results of ELISA indicated that heparin
could inhibit the expression of APC gene and
the effects of heparin on the APC protein was
dose dependent, the protein levels of APC
decreased with the increased concentration of
heparin. The most obvious inhibition effects
were in 4 uyg/ml and 2 ug/ml heparin interven-
tion group (P<0.05). There was no difference
among 0.25 pyg/ml and 0.125 pg/ml heparin
intervention group and DMSO group (P>0.05).

The effects of heparin on the expression of
NF-kB, P38-MAPK

The results of Western Blotting showed that
heparin could inhibit the expression of NF-kB,
P38 and MAPK which involved in NF-kB signal
pathway. The protective effects of heparin on
the vascular endothelial cell injury were related
with its on inhibition on MAPK and NF-kB signal
pathway (Figure 2).

The effects of heparin on the methylation of
histone in the promoter region of MCP-1

Compared with normal group, two methylation
and trimethylation of H3K4 were higher in sep-
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sis group (P<0.05), there was no difference
between the two groups in one methylation of
H3K4 (P>0.05). The intervention of heparin can
reverse the changes of methylation (P<0.05,
Figure 3A). One methylation of H3K9 decreased
in sepsis group (P<0.05), there was no differ-
ence between the two groups in two methyla-
tion and trimethylation of H3K9, and the inter-
vention of heparin cannot reverse the changes
of one methylation of H3K9 (P<0.05, Figure
3B). The H3K4 methyltransferase SET7/9, MLL
and menin which may be involved in the pro-
cess of H3K4 methylation increased in sepsis
group (P<0.05) and the intervention of heparin
can decrease these (P<0.05, Figure 4A-4C).
The H3K4 demethylase LSDI decreased in sep-
sis group (P<0.05) and the intervention of hep-
arin can increase it (P<0.05, Figure 4D).

Discussion

Vascular endothelial cells (VEC) are a layer of
flat cells covering the inner surface of blood
vessels, which locate between the vessel
lumen and vascular smooth muscle cells as a
barrier of the blood and the vessel wall. VEC
has many important biological functions. It is
not only the regulation barrier of vascular per-
meability, but also is the largest and active
endocrine and paracrine organ in the body
[6-10]. When the inflammatory signals, blood
pressure and hormone levels in the circulation
changed, VEC could synthesize and secret
many vaso-active substances such as nitric
oxide (NO), prostacyclin, endothelin (ET), angio-
tensin-ll, Plasminogen activator inhibitor (PAl),
Fibroblast growth factor (FGF), Transforming
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Figure 4. The effects of heparin on the methylation of histone in the promoter region of MCP-1. *Compared with

control group, P<0.05.

growth factor (TGF), Platelet-derived growth
factor (PDGF) and a variety of adhesion mole-
cules to regulate vascular equilibrium. The
interaction among these factors could maintain
vascular relaxation and contraction state, regu-
late vascular tension, inhibit aggregation of
platelets, maintain the balance of body coagu-
lation and fibrinolysis system and blood flow to
prevent thrombosis, regulate the expression of
adhesion molecules and the growth, prolifera-
tion and migration of vascular smooth muscle
cells, prevent the infiltration of inflammation
and harmful substances [11-16].

Endothelin (ET) is an important vascular con-
striction factor, it is a polypeptide composed of
21 amino acids and its production is regulated
by many agonists, it is mainly secreted in vas-
cular endothelium. ET has three isomers: ET-1,
ET-2 and ET-3, its receptor has two subtypes:
ETa and ETB. ET-1 could promote the prolifera-
tion and migration of vascular smooth muscle
cells, increase vascular permeability and
stimulates the production of monocyte che-
moattractant protein-1 (MCP-1), interleukin-6
(IL-6) and other inflammatory factors. NO and
ET maintain the normal vascular diastolic func-
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tion. Adhesion molecules produced by vascular
endothelial cells such as intercellular adhesion
molecule-1 (ICAM-1), vascular adhesion mole-
cule-1 (VCAM-1), E-selectin and MCP-1 regulate
the adhesion and aggregation of blood cells in
the blood vessel walls [17, 18].

Vascular endothelial was susceptible to dam-
age induced by various factors, mechanical
damage of hemodynamics, chemical factors
such as tobacco, drugs, pathogens, immune
complex deposition and lipid deposition all can
lead to endothelial cell dysfunction. Endothelial
cells synthesized and secreted a variety of
active substances under the influences of
these risk factors, the balance among the cyto-
kines was destroyed which causing a series of
pathological changes such as vasomotor
abnormalities, adhesion and infiltration of leu-
kocytes, thrombosis and proliferation of vascu-
lar smooth muscle cells. Many diseases espe-
cially the initiation and occurrence of athero-
sclerosis had important relationship with the
endothelial dysfunction [19-21].

Endothelial cells regulate the function of blood
vessels through secreting a large number of
active molecules, such as NO, eNOS, ET-1,
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VCAM, ICAM, MCP-1, vWF, PAI-1 and CRP.
Therefore, these molecules could be bio-mark-
ers to detect endothelial function damage.

Endothelial cells dysfunction had two charac-
teristics: One was the changes of vasoconstric-
tor activity, which was related with the reducing
effect of NO partly; the other was the increased
secretion of adhesion molecules. Hyper-
glycemia, advanced glycation end products of
protein, lipoprotein and inflammatory factors
can induce the expression of adhesion mole-
cules. Thus it could be a marker for evaluating
the activity of endothelial cells by determining
the concentration of adhesion molecules in
blood at the early stage of atherosclerosis.

Many studies have shown that adhesion and
chemokine factors such as ICAM-1, VCAM-1,
E-selectin and MCP-1 were associated with the
atherosclerosis and cardiovascular disease
[22].

We found that heparin could protect vascular
endothelial cell injury and the mechanism was
related with the effect of heparin on histone
methylation in gene promoter region. Heparin
can regulate gene expression in vascular endo-
thelial cells by influence histone methylation of
H3K4me2 and H3K4me3 in gene promoter
region which were related with endothelial
function and endothelial inflammation, and fur-
ther revealed the key role of epigenetic regula-
tion in the occurrence of vascular diseases.
Heparin also influenced the regulation of MAPK
and NF-kB signaling pathway. These results
could provide new ideas and methods for the
application of heparin in the prevention and
treatment of vascular disease.

Disclosure of conflict of interest

None.

Address correspondence to: Jiangi Ma, Department
of Critical Care Medicine, Liaoning Cancer Hospital
Institute, No. 44 Xiaoheyan Road, Shenyang
110042, P. R. China. Tel: 8624-84316684; E-mail:
majiangima@163.com

References

[1] Haller H. Endothelial function. General consid-
erations. Drugs 1997; 53 Suppl 1: 1-10.

5551

(2]

(4]

(10]

(11]

[12]

(13]

(14]

(15]

(16]

Haller H. Modulation of endothelial function:
strategy for long-term cardiovascular protec-
tion. J Hypertens Suppl 1996; 14: S27-32.
Guerci B, Bohme P, Kearney-Schwartz A,
Zannad F and Drouin P. Endothelial dysfunc-
tion and type 2 diabetes. Part 2: altered endo-
thelial function and the effects of treatments
in type 2 diabetes mellitus. Diabetes Metab
2001; 27: 436-447.

Schiffrin EL. A critical review of the role of en-
dothelial factors in the pathogenesis of hyper-
tension. J Cardiovasc Pharmacol 2001; 38
Suppl 2: S3-6.

Verma S and Anderson TJ. Fundamentals of
endothelial function for the clinical cardiolo-
gist. Circulation 2002; 105: 546-549.

Conger JD. Endothelial regulation of vascular
tone. Hosp Pract (Off Ed) 1994; 29: 117-122,
125-116.

Vane JR, Anggard EE and Botting RM.
Regulatory functions of the vascular endothe-
lium. N Engl J Med 1990; 323: 27-36.

Cines DB, Pollak ES, Buck CA, Loscalzo J,
Zimmerman GA, McEver RP, Pober JS, Wick
TM, Konkle BA, Schwartz BS, Barnathan ES,
McCrae KR, Hug BA, Schmidt AM and Stern
DM. Endothelial cells in physiology and in the
pathophysiology of vascular disorders. Blood
1998; 91: 3527-3561.

Sica DA. Device-guided breathing and hyper-
tension: a yet to be determined positioning.
Cardiol Rev 2011; 19: 45-46.

Gonzalez MA and Selwyn AP. Endothelial func-
tion, inflammation, and prognosis in cardiovas-
cular disease. Am J Med 2003; 115 Suppl 8A:
99S-106S.

Libby P. Inflammation in atherosclerosis.
Arterioscler Thromb Vasc Biol 2012; 32: 2045-
2051.

Furchgott RF and Zawadzki JV. The obligatory
role of endothelial cells in the relaxation of ar-
terial smooth muscle by acetylcholine. Nature
1980; 288: 373-376.

Park JB, Charbonneau F and Schiffrin EL.
Correlation of endothelial function in large and
small arteries in human essential hyperten-
sion. J Hypertens 2001; 19: 415-420.

Khan BV, Harrison DG, Olbrych MT, Alexander
RW and Medford RM. Nitric oxide regulates
vascular cell adhesion molecule 1 gene ex-
pression and redox-sensitive transcriptional
events in human vascular endothelial cells.
Proc Natl Acad Sci US A 1996; 93: 9114-9119.
Mombouli JV. ACE inhibition, endothelial func-
tion and coronary artery lesions. Role of kinins
and nitric oxide. Drugs 1997; 54 Suppl 5: 12-
22.

Bonetti PO, Lerman LO and Lerman A.
Endothelial dysfunction: a marker of athero-

Int J Clin Exp Med 2015;8(4):5547-5552



[17]

(18]

[19]

[20]

5552

Heparin and endothelial cells in sepsis

sclerotic risk. Arterioscler Thromb Vasc Biol
2003; 23: 168-175.

Wautier JL, Setiadi H, Vilette D, Weill D and
Wautier MP. Leukocyte adhesion to endothelial
cells. Biorheology 1990; 27: 425-432.
Wautier JL, Wautier MP, Pintigny D, Galacteros
F, Courillon A, Passa P and Caen JP. Factors in-
volved in cell adhesion to vascular endotheli-
um. Blood Cells 1983; 9: 221-234.

Xiang GD, Sun HL and Zhao LS. Changes of os-
teoprotegerin before and after insulin therapy
in type 1 diabetic patients. Diabetes Res Clin
Pract 2007; 76: 199-206.

Cavieres V, Valdes K, Moreno B, Moore-
Carrasco R and Gonzalez DR. Vascular hyper-
contractility and endothelial dysfunction be-
fore development of atherosclerosis in moder-
ate dyslipidemia: role for nitric oxide and inter-
leukin-6. Am J Cardiovasc Dis 2014; 4: 114-
122.

(21]

[22]

Hartge MM, Kintscher U and Unger T.
Endothelial dysfunction and its role in diabetic
vascular disease. Endocrinol Metab Clin North
Am 2006; 35: 551-560, viii-ix.

Petrica L, Vlad A, Gluhovschi G, Gadalean F,
Dumitrascu V, Gluhovschi C, Velciov S, Bob F,
Vlad D, Popescu R, Milas O and Ursoniu S.
Proximal tubule dysfunction is associated with
podocyte damage biomarkers nephrin and
vascular endothelial growth factor in type 2 di-
abetes mellitus patients: a cross-sectional
study. PLoS One 2014; 9: e112538.

Int J Clin Exp Med 2015;8(4):5547-5552



