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Abstract: The aim of this study was to investigate the relationships between E-selectin +G98T, +A561C polymor-
phisms and different progression in Hepatitis B virus (HBV) infection Xinjiang Han population, also to determine 
the HBV DNA copies and pre-S1 antigen (preS1Ag) in this population. Polymorphisms of the E-selectin gene in 200 
chronic HBV infection (61 cases of chronic HBV carriers, chronic hepatitis B 75, liver cirrhosis 43, liver cancer 21) 
and 200 healthy controls were detected using polymerase chain reaction-restriction fragment length polymorphism 
(PCR-RFLP). Real-time quantitative PCR was used to detect the levels of HBV DNA. preS1Ag and five items of hepa-
titis B were detected by enzyme-linked immunosorbent assay. Liver fibrosis using chemiluminescence, biochemical 
markers using Roche 7600 automatic biochemical analyzer. E-selectin +A561C polymorphism of A/C genotype and 
C allele frequency in chronic hepatitis B (CHB) and cirrhosis (LC) group were compared with the control group had 
significant difference (P < 0.05). The risk of CHB and LC, AC genotype were 2.09, 2.33 times of the AA genotype. 
In group of CHB, the levels of HBV DNA and preS1Ag in the AC genotype patients were higher than those in the AA 
genotype (P < 0.05). However, there were no significant differences in comparison of liver function and liver fibrosis 
index in different genotypes of CHB and LC group. +A561C and +G98T linkage disequilibrium analysis showed: D’ 
= 0.632, r2 = 0.202, haplotype analysis showed that the G-A haplotype OR = 0.507, G-C haplotype OR = 1.973. E-
selectin +A561C polymorphism may have some correlation with the occurrence of CHB and LC, and allele C may be 
one of the predisposing factors. AC polymorphism may affect HBV replication in CHB, but may not play an important 
and direct effect on liver injury and liver fibrosis after HBV infection. There were some linkage of +A561C and +G98T, 
G-C haplotype may be a risk factor for chronic HBV infection.
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Introduction

Chronic hepatitis B virus (HBV) infection is one 
of the the major infectious diseases, which is 
serious harm to human health worldwide. HBV 
infection results depends largely on the infect-
ed itself, even if the same ethnic, gender and 
age of similar individuals by the same mode of 
infection with the same virus subtype, will pro-
duce different results. Nfections with HBV can 
lead to various clinical courses ranging from 
asymptomatic carrier (ASC), chronic hepatitis 
(CH), liver cirrhosis (LC), and even to hepatocel-
lular carcinoma (HCC), resulting in a fatal out-
come. Studies have shown that the clinical out-
come of HBV infection in addition to immune 

and viral factors, genetic factors also play an 
important role in the pathogenesis [1].

Evidence has shown that the gene polymor-
phisms of certain cytokines, such as tumor 
necrosis factor and interleukin, are played an 
important role in the host immune response to 
HBV, which have been implicated in the host 
immune response to HBV and influence the 
diversity of HBV clinical outcomes [2-5]. 
E-selectin, as the body of a pro-inflammatory 
cytokine, it is involved in many white cell and 
CD4+ memory T-cell subsets in adhesion and 
aggregation, and plays a pivotal role in the pro-
cess of immune and inflammatory responses 
[6]. Increased the content of E-selectin can 
enhance the adhesion of leukocytes and endo-
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thelial cells of the liver, thereby increasing the 
degree of inflammation and the development of 
liver disease. In a previous study, as a result of 
HBV long-term stimulation and circulation of 
lymphocyte and macrophage activation, a vari-
ety of inflammatory cytokines was released 
which induced the increase of E-selectin gene 
transcription and stimulated liver endothelial 
cells to express and release E-selectin [3].

Wenzel et al [7, 8] in 1994 and 1996 was first 
reported E-selectin gene fourth and second 
exon exist respectively A/C, G/T point muta-
tion, and found it with atherosclerosis (athero-
sclerosis, AS) related. In recent years, data 
show that serum levels of soluble E-selectin 
(sE-selectin) in the role of CHB has been con-
firmed. The increased stimulation of the 
immune system, resulting in the immune cells 
to attack the liver cells of virus infected, further 
activation of the body’s immune system. At the 
same time clearing the virus, in addition to 
aggravate a direct toxic effect of the liver cell 
itself, also induce other inflammatory media-
tors, which increased liver damage, gradually 
cause of hepatic inflammation, necrosis and 
hepatic fibrosis [9, 10]. At home and abroad, 
E-selectin gene polymorphism and clinical out-
comes of chronic HBV infection related reports 
are more rare. 

Therefore, the aim of the present study was to 
investigate the relationship between E-selectin 
+A561C, +G98T polymorphisms with ASC, CHB, 
LC and HCC these four kinds of different clinical 
outcomes of HBV infection, and to determine 
the HBV DNA copies and levels of preS1Ag, 
liver function and liver fibrosis in the circulation 
of individuals in Chinese xinjiang Han popula-
tions. Additionally, provide further guidance for 
the clinical judgment of the susceptibility and 
prognosis of chronic HBV infection. 

Materials and methods

Study subjects

From February to August 2014, 200 patients 
with chronic HBV infection and 200 control sub-
jects (mean age, 36.5 ± 12.8 years) were 
recruited sequentially from the Chinese Han 
populations in Xinjiang Shihezi. The HBV-
infected patients were categorized into four 
groups: asymptomatic carriers (ASC, n = 61, 
mean age 35.2 ± 10.6 years), chronic hepatitis 

(CH, n = 75, mean age 36.6 ± 11.6 years), liver 
cirrhosis (LC, n = 43, mean age 53.9 ± 10.6 
years), and hepatocellular carcinoma (HCC, n = 
21, mean age 63.1 ± 12.6 years old). Patients 
were diagnosed according to the ‘Guideline on 
Prevention and Treatment of Chronic Hepatitis 
B’ by the Chinese Society of Hepatology [11]. 
None of the patients had any other types of 
liver diseases, such as chronic hepatitis C, alco-
holic liver diseases, autoimmune liver diseases 
or metabolic liver diseases. None of the control 
subjects suffered from liver, kidney, incretion, 
cardiovascular or cerebrovascular diseases. 
The study was carried out with the approval of 
the local hospital’s ethics committee. All par-
ticipants gave their informed consent to 
participate.

E-selectin genes +G98T and +A561C SNP 
determination 

Genomic DNA was extracted from blood sam-
ples of the study subjects using a blood genome 
DNA extraction kit (GeneCore BioTeke Co., Ltd., 
Beijing, China). The primers, designed as previ-
ously described [12]. +G98T and +A561C SNPs 
were determined by a polymerase chain reac-
tion-restriction fragment length polymorphism 
assay, and specific steps of restriction diges-
tion of the PCR products, as described previ-
ously [12]. 

Laboratory determination

For these three indicators: HBV DNA copies, 
plasma preS1Ag and five items of hepatitis B, 
which in our previous articles have been 
described in detail (12). For liver fibrosis, che-
miluminescence (Antu biological Co. Ltd., 
Zhengzhou, China) was used. The log-logit lin-
ear regression fitting method Kit was used, 0 
standard B0, standard concentration values of 
log for the X axis, with the standard lumines-
cence intensity of Logit value for the Y axis, and 
according to the luminous intensity of sample 
values back the corresponding concentration 
value. For liver function, Roche 7600 automatic 
biochemical analyzer was used. All internal 
quality control was in control, operate strictly in 
accordance with the actual instructions.

Statistical analysis

Statistical analysis was performed using the 
SPSS software version 17.0 (SPSS Inc., Chicago, 
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controls (Table 1). For E-selectin +A561C, the 
A/C genotype and C allele frequencies in CHB 
and LC group had significant difference when 
compared with the control group (Table 2, P < 
0.05).

E-selectin +G98T and +A561C consist of com-
bined genotypes which were AA/GG, AA/GC, 
AC/GT and AC/GG. Through analysis, the AC/GG 
genotype of experimental group was signifi-
cantly higher than that of the control group, the 
difference was statistically significant (P < 
0.05), and OR = 1.93 which prompted AC/GG 
risk factors for chronic HBV infection. Besides, 
There is no significant difference between the 

IL, USA). Each result was calculated as the 
mean ± SD. The Hardy-Weinberg balance  
was used to check the sample with group  
representation. Allelic and genotypic frequen-
cies were obtained by direct counting. 
Differences in genotypic and allelic frequency 
between ethnic groups were evaluated using 
the Fisher’s exact test or the χ2 test as appropri-
ate, involving HBV DNA variables after log trans-
formation analysis. The odds ratio (OR) was cal-
culated together with its 95% confidence 
interval (CI). P < 0.05 was considered to indi-
cate statistically significant differences. 
Haplotype and linkage disequilibrium (LD) anal-
ysis using SHEsis software, D’ < 0.2 considered 

to have no linkage disequi-
librium, D’ > 0.5 has a  
linkage disequilibrium; r2 
representative correlation 
coefficient.

Results

The allele and genotype 
frequencies in E-selectin 
+G98T, +A561C polymor-
phism are shown in Table 
1 and 2

There was no significant 
difference in allele and 
genotype frequencies of 
the +G98T polymorphism 
between patients with 
ASC, CH, LC, HCC, and 

Table 1. Comparison of the E-selectin + G98T genotypes and alleles in patients and controls [n (%)]
+G98T ASC (n = 61) CH (n = 75) LC (n = 43) HCC (n = 21) Control (n = 200)
GG (n, %) 57 (93.4) 69 (92.0) 39 (90.7) 20 (95.2) 184 (92.0)
GT (n, %) 4 (6.6) 6 (8.0) 4 (8.3) 1 (4.8) 16 (8.0)
χ2 value 0.14 0.0 0.08 0.28
P value 0.71 1.0 0.78 0.59
OR (95% CI) 0.81 (0.26-2.51) 1.0 (0.38-2.66) 1.18 (0.37-3.72) 0.58 (0.07-4.57)

Table 2. Comparison of the E-selectin +A561C genotypes and alleles in patients and controls [n (%)]
+A561C ASC (n = 61) CH (n = 75) LC (n = 43) HCC (n = 21) Control (n = 200)
AA (n, %) 54 (88.5) 59 (78.7) 33 (79.1) 18 (85.7) 177 (88.5)
AC (n, %) 7 (11.5) 16 (21.3) 10 (20.9) 3 (14.3) 23 (11.5)
χ2 value 0.00 4.334 4.168 0.142
P value 0.996 0.037 0.041 0.706
OR (95% CI) 0.98 (0.41-2.45) 2.09 (1.03-4.21) 2.33 (1.02-5.35) 1.28 (0.35-4.69)

Table 3. Analysis of combined genotypes in the experimental and con-
trol group [cases (%)]

+A561C +G98T Experimental Control χ2 
value

P 
value OR (95% CI)

AA GG 155 (77.5) 166 (83.0) 1.909 0.167 1.42 (0.86-2.33)
AA GT 9 (4.5) 11 (5.5) 2.211 0.646 0.81 (0.33-1.99)
AC GG 32 (16.0) 18 (9.0) 4.48 0.034 1.93 (1.04-3.56)
AC GT 4 (2.0) 5 (2.5) 0.114 0.736 0.80 (0.21-3.01)

Table 4. E-selectin +A561C, +G98T haplotype analysis in experimental 
and control group [cases (%)]
Haplotype Experimental Control Pearson’s P OR (95% CI)
G-A 359.70 (89.9) 370.78 (92.7) 0.046729 0.507 [0.257~1.001]
G-C 25.30 (6.3) 13.22 (3.3) 0.046729 1.973 [0.999~3.897]
T-A 4.30 (1.1) 6.22 (1.6) -- --
T-C 10.70 (2.7) 9.78 (2.4) -- --
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balance in the Han populations with regard to 
the distribution frequency, which had a group 
representation. E-selectin +A561C mutation in 
the epidermal growth factor (EGF) like domain 
structure of exon 4, which results in an amino 
acid substitution serine (Ser, S) to arginine (Arg, 
R) at codon 128. So that the E selectin receptor 
structure is changed, thus affecting the leuko-
cyte adhesion and aggregation [7, 8]. Our study 
shows that E-selectin +A561C and +G98T poly-
morphisms were present in the Xinjiang Han 
populations. +A561C gene polymorphism may 
have certain correlation with the occurrence of 
CHB and LC (Table 2). The risk of CHB and LC, 
AC genotype were 2.09, 2.33 times of the AA 
genotype. C allele may be a genetic susceptible 
factor for the pathogenesis of CHB and LC in 
Xinjiang Han nationality. 

Domestic and international data show that 
genetic factors such as genetic mutations, 
polymorphisms can affect the natural history of 
chronic liver disease. At present, it has been 
found that a variety of cytokine gene polymor-
phisms were correlated with the severity of a 
HBV infection [2-5]. Chronic HBV infection is 
regarded as a chronic inflammation process, 
the body liver damage which after HBV infec-
tion mainly by the host immune response to 
HBV-induced, liver fibrosis is also a result of the 
recruitment and accumulation of inflammatory 
cells after liver cell damage. Therefore, +A561C 
polymorphism has been shown to promote 
adhesion of leukocytes , endothelial cells and 
participate in the recruitment of inflammatory 
cells in the process of liver inflammation and 
fibrosis, which leading to increased local inflam-
mation, long-term chronic inflammation eventu-
ally lead to liver fibrosis. 

rest of the combined genotype and control 
group.

E-selectin polymorphisms in linkage disequilib-
rium (LD) and haplotype analysis

For analysis of LD, used SHEsis Software. The 
results show: D’ = 0.632, r2 = 0.202. This indi-
cates that it may have some linkage in the 
E-selectin +G98T, +A561C.

Haplotype analysis of SHEsis software as 
shown in Table 4, for all < 0.03 frequencies in 
the analysis will be ignored. Distribution of G-A 
and G-C haplotypes in the experimental and 
control group had significant difference (P < 
0.05); The OR value of G-A haplotype was 
0.507, tips GA haplotype associated with 
chronic HBV infection was negatively correlat-
ed. For G-C haplotype, OR = 1.973 which indi-
cating that G-C haploid and chronic HBV infec-
tion had positive correlation, G-C haplotype 
may be a risk factor for chronic HBV infection.

Table 5 shows the HBV DNA copies and levels 
of preS1Ag in each group.

τAs Table 3 showed E-selectin gene +A561C 
polymorphism may have certain correlation 
with the occurrence of CHB and LC. Further, in 
Table 5, there was statistical significance in AC 
genotype and AA genotype of CHB group, tip AC 
polymorphism may affect the replication of 
HBV in CHB. But for group of LC, the difference 
between the AC genotype and AA genotype had 
no statistical significance, suggesting that the 
replication of HBV in the two genotypes may not 
be affected by the AC polymorphism. For fur-
ther study, we deeply explore the correlation 
between +A561C gene polymorphism and the 

index of liver injury, hepatic fibrosis in 
each group.

In Table 5, the difference among the gen-
otypes were not statistically significant. It 
is suggested that in chronic HBV infection 
and liver cirrhosis AC genetype does not 
play an important and direct role in 
degree of liver injury and liver fibrosis.

Discussion

Using the Hardy-Weinberg balance test, 
the E-selectin +G98T and +A561C geno-
types were shown to achieve a genetic 

Table 5. The HBV DNA copies (Log10 copies/m) and 
levels of preS1Ag [cases (%)] in each group

+A561C No. HBV DNA Statistical 
value

preS1Ag-
positive

Statistical 
value

ASC AA 54 3.6 ± 0.46 T = 0.66 2 (3.7) χ2 = 0.268
AC 7 3.4 ± 0.78 P > 0.50 0 (0.0) P = 0.605

CH AA 59 5.3 ± 1.06 T = 7.11 18 (30.5) χ2 = 2.111
AA 16 7.6 ± 1.17 P < 0.001 8 (50.0) P = 0.146

LC AA 34 6.4 ± 1.23 T = 0.327 14 (41.2) χ2 = 0.031
AC 9 6.6 ± 1.72 P > 0.50 4 (44.4) P = 0.86

HCC AA 18 7.09 ± 1.66 T = 0.01 10 (55.6) χ2 = 0.130
AC 3 7.10 ± 1.67 P > 0.50 2 (66.7) P = 0.719
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No correlation was found between the 
E-selectin +G98T gene polymorphism and 
alleles in the Xinjiang Han patients. Thus, the T 
allele is probably not a predisposing factor 
(Table 1). However, analysis of +G98T and 
+A561C combined genotype showed that AC/
GG genotype was significantly higher in the 
experimental group, and OR = 1.93, suggesting 
that AC/GG may be risk factors for chronic HBV 
infection (Table 3). For further study, analysis of 
polymorphisms in linkage disequilibrium (LD) 
and haplotype in all the experimental and con-
trol groups. The results show that D’ = 0.632, 
the existence of linkage disequilibrium between 
the two sites.

For analysis of haplotype, GA haplotype may be 
protective factors for chronic HBV infection OR 
= 0.507, GC haplotype may be risk factors OR = 
1.973, Table 4.

We further want to know whether AC polymor-
phisms affect replication of the virus, therefore, 
further study of E-selectin gene polymorphisms 
and HBV DNA copies and the levels of preS1Ag 
in four experimental groups. Found that these 
polymorphisms were significantly higher in AC 
genotype than in AA genotype patients in group 
of CHB, Table 5. By means of logistic regres-
sion analysis and using the AA and AC geno-
types as variables, a correlation was found 
between the AC genotype and the HBV DNA 
copies and levels of preS1Ag in group of CHB (P 
< 0.01). Further indicates E-selectin may be an 
endothelial cell injury marker of patients with 
CHB. A significant increase of HBV DNA and S1 
antigen in the AC genotype may induce the 
release of more inflammatory factors and stim-
ulate the immune system to generate a strong 

response, leading to activation of the HBV rep-
lication in vivo of the AC genotype (Table 5). 
However, No significant difference between the 
two genotypes of the HBV DNA copies and lev-
els of preS1Ag in group of LC. In order to further 
explore correlation between E-selectin +A561C 
gene polymorphism and the progression, the 
degree of liver fibrosis of CHB infection and cir-
rhosis. We also analysis of gene polymorphism 
and liver injury, hepatic fibrosis index. The 
results showed no difference between A561C+ 
gene polymorphisms and these factors in each 
groups (Table 6). Although A561C polymor-
phism may be a genetic susceptibility factor in 
pathogenesis of CHB and LC. But the degree of 
liver damage, liver fibrosis of chronic HBV infec-
tion and cirrhosis does not play an important 
and direct role. 

It is known that HBV chronicity has a multifacto-
rial background. Recent studies in human 
genomics offer great opportunities to correlate 
genetic variations to risks of HBV-related liver 
diseases [13-15]. The preliminary results of our 
study have shown that the E-selectin +A561C 
and +G98T polymorphisms exist in the Han 
populations and that +A561C polymorphism 
may be the genetic susceptible factor in the 
pathogenesis of CHB and LC, AC polymorphism 
may affect the replication of HBV in CHB. But 
may not play an important and direct effect on 
the degree of liver injury and hepatic fibrosis. 
There are some linkage of +G98T and +A561C, 
G-A haplotype may be protective factors for 
chronic HBV infection, G-C haplotype may be a 
risk factor. But analysis of the single-nucleotide 
polymorphism using factors such as sample 
selection, sample size and ethnic background 
showed that a larger cohort of samples and the 

Table 6. The correlation between +A561C gene polymorphism and index of liver injury, hepatic fibro-
sis in each group

+A561C
Liver injury index Hepatic fibrosis

ALT < 40 U/l AST < 40 U/l HA < 120 ng/ml PC III < 15 ng/ml IV-C < 95 ng/ml LN < 130 ng/ml
ASC AA 36.9 ± 16.6 31.1 ± 19.2 116.9 ± 56.6 13.1 ± 9.6 79.4 ± 36.9 103.1 ± 54.3

AC 37.7 ± 18.3 33.3 ± 18.1 117.3 ± 49.8 14.3 ± 8.1 83.9 ± 39.2 104.3 ± 43.2
CH AA 50.6 ± 20.1 47.9 ± 19.2 163.1 ± 86.6 36.3 ± 21.2 116.1 ± 66.8 143.3 ± 63.8

AC 53.0 ± 18.6 49.4 ± 16.9 176.1 ± 81.3 37.6 ± 26.3 113.1 ± 69.3 144.2 ± 67.9
LC AA 67.6 ± 23.1 106.7 ± 31.8 213.1 ± 93.6 67.8 ± 39.2 166.1 ± 83.6 203.8 ± 76.8

AC 70.9 ± 24.3 104.3 ± 39.6 216.6 ± 91.8 71.6 ± 39.6 163.6 ± 81.8 201.4± 79.3
HCC AA 136.3 ± 53.8 240.3 ± 63.8 233.3 ± 90.2 77.1 ± 47.5 189.6 ± 90.8 277.1 ± 79.6

AC 141.9 ± 56.1 266.3 ± 68.3 226.3 ± 99.6 79.3 ± 51.6 188.1 ± 96.8 289.3 ± 76.9
Note: In each group, the comparison between genotypes were P > 0 .05.
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application of different race case-control stud-
ies are required to better understand the patho-
genesis of chronic HBV infection.
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