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Abstract Genetic variants of chemokine and regulatory
cytokines play functional roles in chronic HBV infection.
The objective of the study, was to evaluate the association
between the CCR5D32, CCR5-2459A/G, MCP-1-2518A/G,
VDR-APalA/C, VDR-TaqIT/C SNPs and HBV suscepti-
bility, in samples of Iranian populations. The CCR5D32,
CCR5-2459A/G, MCPI1-2518A/G, VDR-APalA/C, VDR-
TaqlT/C polymorphisms were analyzed by polymerase
chain reaction and PCR-RFLP using 100 chronic HBV
infected (HBV) patients, 40 spontaneously recovered HBV
(SR) subjects and 100 healthy controls (C). Also, serum
levels of protein were monitored. The study showed that
the existence of CCR5-2459A, MCP1-2518G and VDR-CC
alleles significantly increased risk of chronic HBV infec-
tion. In addition, WfAGCC haplotype had a higher fre-
quency in HBV patients than C and SR groups and might
relate to the natural history of the infection. Statistical
analysis indicated positive correlations between CCR5-
2459A/G, MCP1-2518A/G, VDR-APalA/C, VDR-TaqlT/
C genotypes and serum levels of the CCRS5, MCP-1 and
VDR in HBV patients. According to the statistical analysis,
significant associations with susceptibility to chronic HBV
infection was observed with CCR5-2459A/G, MCPI-
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2518A/G, VDR-APalA/C, VDR-TaqIT/C polymorphisms.
In addition, no association of the CCR5D32 SNP with the
disease was found.

Keywords Chemokine - HBV - Single nucleotide
polymorphism

Introduction

Hepatitis B virus (HBV) infection is a serious public health
problem worldwide and especially in Asia and Africa. HBV
is a hepato-tropic virus, exists in more than 350 million
people. Disease can develop into chronic hepatitis, cirrhosis,
hepatocellular cancer and finally leads to death. Iran is
located in the low endemicity of HBV infection and just like
some other country, the chronic HBV is prevalent [1].

Different functions of the host immune system cause
various clinical presentations of HBV infection. However,
the actual mechanism for the chronic infection not fully
understood, but it might be depend on host immune
response and genetic factors. Macrophages, T cytotoxic
lymphocytes and natural killer (NK) cells are potential
elements which can produce the host immune responses
against HBV antigens [2].

Chemokines, as defensive compounds have receptors on
the surface of the immune cells. Cooperation between
chemokine and its receptor, induces the migration of the
immune cells to the site of the infection and regulates
innate and adaptive immune responses [2].

Genetic variations such as single nucleotide polymor-
phisms (SNPs) of genes encoding the cytokines and
chemokines can affect the clinical presentation of the
hepatitis [3] and other inflammations [4]. In addition,
results evidenced that polymorphisms of the IL-10 [5], IL-
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28B [6, 7], macrophage migration factor [8], interferon
gamma (IFN-v) [4], tumour necrosis factor-alpha [9] might
change the susceptibility to the chronic inflammations.

CC-chemokine receptor 5 (CCRS5) is a regulator of T
cell through activation of T helper and cytotoxic T cells.
CCRS5 can bind to regulated on activation normal T cell
expressed and secreted (RANTES). Vitamin D regulates
the production of RANTES. The combination of CCRS
with some ligands (CCL3, CCL4, and CCLS5) lead to
immune response to viral infections. This chemokine
induces immune cells to migrate to the inflamed liver [10].
It means that down-regulation of CCRS5 might cause
insufficient immune responses against infection.

The gene encoded CCRS5 is located on chromosome
3p21.31. CCR5D32 deletion in exon 1 of the gene blocks
the protein synthesis and associated with the increased
susceptibility to the HCV. Results showed that CCR5D32-
MMt genotype might associated to the increased risk of
HCV. This SNP is prevalent in different ethnic and geo-
graphical populations. How CCRS change the immune
response is unknown, but the risk of chronic HBV infection
might be depend on the CCRS polymorphisms [11].
Monocyte chemoattractant protein 1 (MCP-1) is a multi-
functional cytokine, which is expressed on leukocytes.
In vitro studies showed that MCP-1 had chemotactic
activity. MCP-1 that is released from hepatic stellate cells
can regulate leukocyte trafficking, which means that MCP-
1 has direct profibrogenic action [12]. MCP-I gene is
located on chromosome /7g12. In regard to the MCP-1
polymorphisms in the promoter region, results indicated
that — 2518G allele was associated with higher production
of MCP-1 [13]. Moreover, in HCV patients, — 25/18G
allele was reported as a risk factor to hepatic inflammation
and fibrosis [14]. Park et al. [15] reported that MCP-1
— 2518A/G polymorphism was contributed to HBV
clearance and the frequency of — 2518A allele was higher
in HBV patients compared to the spontaneously recovered
people. On the other hand, Cheong et al. [16] study did not
reveal any relationship between MCP-1 — 2518A/G SNP
and HBV infection.

The active form of vitamin D has immunomodulatory
action and regulates calcium metabolism, cellular growth
and differentiation. This hormone inhibits lymphocyte
proliferation, activates monocytes, blocks cytokine syn-
thesis and affects programmed cell death through vitamin
D receptor (VDR) [17]. Vitamin D as an immunoregulatory
hormone, bind to VDR and mediate immuno-regulatory
functions. This receptor is expressed on macrophages,
active T lymphocytes and monocytes. Complex of the
vitamin D and VDR induces the production of some
cytokines (TNF-a, IL-1) and inhibits the production of
IFN-Y and IL-2. VDR gene is located on chromosome
12g13 and has four polymorphisms with Pathological
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functions related to the immune mediated diseases such as
HBV [18].

In the present study, it was hypothesized that genetic
variants of CCR5, MCP-1 and VDR play functional roles in
chronic HBV infection. Therefore, the objective of our
research was to study the association between the CCR5D32,
CCR5-2459A/G (rs1799987), MCP1-2518A/G (rs1024611),
VDR-APal AIC (rs7975232), VDR-Taql T/C (rs731236)
SNPs and HBV susceptibility, in a sample of Iranians.

Materials and Methods
Subjects

One hundred chronic HBV patients showing positive HBsAg
and antibodies against anti-HBc and impaired liver function
test (> 2 times the upper limit of normal) for at least six
months were enrolled into the study (age: 29.03 £ 5.710,
age range of 18-43). Serological tests (presence of HBsAg
by enzyme-linked immunosorbent assay (ELISA) and HBV-
DNA by reverse transcription polymerase chain reaction
(RT-PCR) and clinical findings were compatible with
chronic liver disease. 40 subjects with negative HBsAg and
anti-HCV and positive antibodies against anti-HBs and anti-
HBc were also included as spontaneously recovered (SR)
group (age: 29.72 £+ 5.517, age range of 18—42). The control
group comprised 100 HBsAg, anti-HBs and anti-HBc neg-
ative, healthy volunteers with normal values for alanine
transaminase (ALT), without any history of hepatitis B
infection (age: 30.44 £ 4.539, age range of 22-45). All
subjects were in the same geographical area. All participants
were unrelated Iranians. There was no difference between
groups in terms of age, gender and ethnicity. Subjects with
HCV, HEV, HAV, HIV, alcohol consumption, drug abuse,
liver diseases were excluded. Between July and December
2015, the study population was recruited, and they were
enrolled from the outpatient clinic of the Blood Transfusion
Organization clinics in Zahedan, Iran. The study was
approved by the Institutional Ethics Committee of the
Zahedan University of Medical Sciences (IR.ZAUMS.-
REC.1395.159, grant number: 7868) and carried out in
Infectious Diseases and Tropical Medicine Research Center,
Zahedan, Iran. Written informed consent was obtained from
each participant.

Analysis of the Serum Parameters

Five ml of blood was taken in tubes containing EDTA for
determining biochemical parameters. The measurement of
the serum level of CCRS5, MCP1, VDR was done used the
sensitive sandwich ELISA technique (EASTBIOPHARM,
China), according to the manufacturer’s instructions.



Ind J Clin Biochem (Oct-Dec 2019) 34(4):407-417

409

Peripheral DNA Isolation

Genomic DNA was extracted from the 500 pl of peripheral
blood leukocytes using the salting-out method. These
samples were stored at — 80 °C until they were used for
the study.

Polymorphism Genotyping

The CCR5D32 polymorphism was detected by polymerase
chain reaction (PCR) amplification and CCR5-2459A/G,
MCP-1-2518A/G, VDR-APalA/C, VDR-TaqlT/C SNPs
were detected by polymerase chain reaction-restriction
fragment-length polymorphism (PCR-RFLP).

Table 1 PCR-RFLP-based assay of CCR5D32, CCR5-2459A/G, MCP1-2518A/G, VDR-APalA/C, VDR-Taq1T/C SNPs

Polymorphism Primers Annealing temperature (°C)  Restriction enzyme  Allele phenotype (bp)
CCR5D32 F: TGTTTGCGTCTCTCCCAG 56 - Wt: 233

R: CACAGCCCTGTGCCTCTT Mt: 201
CCR5-2459A/G  F: AAAATCCCCACTAAGATCCTG 58 Bsp1286 1 A: 329/65

R: ATTCATCTAGTCAAAAGCCCAC G: 202/127/65
MCP1-2518A/G  F: CTTTCCCTTGTGTGTCCCC 60 Pvull C: 940

R: TTACTCCTTTTCTCCCCAACC G: 650/290
VDR-APalA/C F: CTAGGTCTGG ATCCTAAATGCA 61.5 Apal A: 628

R: TTAGGTTGGACAGGAGAGAGAA C: 477/151
VDR-TaqlT/C F: CTAGGTCTGG ATCCTAAATGCA 61.5 Taq 1 T: 433/195

R: TTAGGTTGGACAGGAGAGAGAA C: 232/201/195

()

Fig. 1 The electrophoresis pattern of CCR5D32, CCR5-2459A/G,
MCP-1-2518A1G, VDR-APalA/C, VDR-TaqlIT/C polymorphisms.
a The electrophoresis pattern of CCR5D32 SNP on 3% agarose gel;
M marker 100 bp, 1 genotype WiWt, 2 genotype WtMt, 3 genotype
MtMt. b The digestion pattern of Bsp1286 I restriction enzyme on 4%
agarose gel at CCR5-2459A/G SNP; M marker 100 bp, 1 genotype
AA, 2 genotype AG, 3 genotype GG. ¢ The digestion pattern of Pvull

(e)

restriction enzyme on 2% agarose gel at MCP-1-2518A/G SNP, M
marker 100 bp, 1 genotype AA, 2 genotype AG, 3 genotype GG.
d The digestion pattern of Apal restriction enzyme on 2% agarose gel
at VDR-APalA/C SNP; M marker 100 bp, 1 genotype AA, 2 genotype
AC, 3 genotype CC. e The digestion pattern of Taq 1 restriction
enzyme on 4% agarose gel at VDR-Taq1T/C SNP; M marker 100 bp,
1 genotype TT, 2 genotype TC, 3 genotype CC
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Table 2 Demographic data of
chronic hepatitis B (HBV)

patients, spontaneously

recovered (SR) subjects and

control group (C)

Parameters C,N (%) SR, N (%) HBV, N (%) P
Age (years) 30.44 + 4.539 29.72 £ 5.517 29.03 £ 5.710 0.125
Sex
Male 51 (51.0) 25 (62.5) 57 (57.0) 0.427
Female 49 (49.0) 15 (37.5) 43 (43.0)
Ethnicities
Sistani 46 (46.0) 18 (45.0) 41 (41.0) 0.292
Baluch 18 (18.0) 13 (32.5) 22 (22.0)
Others 36 (36.0) 9 (22.5) 37 (37.0)

Table 3 The frequency of genotypes and alleles of the CCR5D32, CCR5-2459A/G, MCP-1-2518A/G, VDR-APalA/C, VDR-TaqlT/C poly-
morphisms between chronic hepatitis B (HBV) patients, spontaneously recovered (SR) subjects and control groups (C)

Chemokine polymorphisms  C (%) SR (%) P value  Odds ratio HBV (%) P value  Odds ratio
CCR5D32
WitWt 96 (96.0) 38 (95.0) Ref=1 - 97 (97.0) Ref=1 -
WiMt 3 (3.0 12.5) 0.883 0.842 (0.085-8.350) 2 (2.0) 0.653 0.660 (0.108-4.037)
MMt 1 (1.0) 1(2.5) 0.516 2.526 (0.154-41.426) 1 (1.0) 0.994 0.990 (0.061-16.051)
WtMt + MtMt 4 (4.0) 2 (5.0) 0.792 1.263 (0.222-7.185) 3 (3.0 0.701 0.742 (0.162-3.405)
Wt 195 (97.5) 77 (96.2) Ref=1 - 196 (98.0) Ref=1 -
Mt 5(2.5) 3(3.8) 0.573 1.519 (0.354-6.513) 4 (2.0) 0.737 0.796 (0.211-3.008)
CCR5-2459A1G
AA 21 (21.0) 7 (17.5) 0.825 0.889 (0.314-2.518) 42 (42.0)  0.001 3.636 (1.738-7.608)
AG 39 (39.00 18 (45.0) 0.617 1.231 (0.545-2.780) 36 (36.0) 0.141 1.678 (0.842-3.346)
GG 40 (40.0) 15(37.5) Ref=1 - 22 (22.0) Ref=1 -
AA + AG 60 (60.0) 25 (62.5) 0.784 1.111 (0.522-2.364) 78 (78.0)  0.007 2.364 (1.272-4.392)
A 81 (40.5) 32 (40.0) 0.939 0.979 (0.577-1.662) 120 (60.0)  0.001 2.204 (1.478-3.286)
G 119 (59.5) 48 (60.0) Ref=1 - 80 (40.0) Ref=1 -
MCP-1-2518A/G
AA 53 (53.0) 20 (50.0)0 Ref=1 - 35(35.0) Ref=1 -
AG 40 (40.0) 15 (37.5) 0.988 0.994 (0.453-2.179) 46 (46.0)  0.071 1.741 (0.954-3.178)
GG 7 (7.0) 5(12.5)  0.320 1.893 (0.538-6.657) 19 (19.0)  0.004 4.110 (1.564-10.799)
GG + AG 47 (47.0) 20 (50.0) 0.748 1.128 (0.541-2.349) 65 (65.0) 0.011 2.094 (1.186-3.697)
A 146 (73.0) 55(68.8) Ref=1 - 116 (58.0) Ref=1 -
G 54 (27.0) 25 (31.2) 0476 1.229 (0.697-2.166) 84 (42.0)  0.002 1.958 (1.287-2.979)
VDR-APalAIC
AA 51 (51.0) 19 (47.5) Ref=1 - 33(33.0) Ref=1 -
AC 42 (42.0) 16 (40.0)  0.955 1.023 (0.469-2.232) 45 (45.0)  0.103 1.656 (0.902-3.039)
cC 7 (7.0) 5(12.5) 0312 1.917 (0.542-6.778) 22 (22.0)  0.001 4.857 (1.866-12.643)
AC + CC 49 (49.0) 21 (52.5) 0.708 1.150 (0.552-2.397) 67 (67.0) 0.010 2.113 (1.192-3.745)
A 144 (72.0) 54 (67.5) Ref=1 - 111 (55.5) Ref=1 -
C 56 (28.0) 26 (32.5) 0.455 1.238 (0.707-2.169) 89 (44.5)  0.001 2.062 (1.360-3.125)
VDR-TaqlTIC
T 51 (51.0) 19 (47.5) Ref=1 - 33 (33.0)0 Ref=1 -
e 42 (42.0) 16 (40.0)  0.955 1.023 (0.469-2.232) 45 (45.0)  0.103 1.656 (0.902-3.039)
cc 7 (7.0) 5(12.5) 0312 1.917 (0.542-6.778) 22 (22.0)  0.001 4.857 (1.866-12.643)
TC 4 CC 49 (49.0) 21 (52.5) 0.708 1.150 (0.552-2.397) 67 (67.0) 0.010 2.113 (1.192-3.745)
T 144 (72.0) 54 (67.5) Ref=1 - 111 (55.5) Ref=1 -
C 56 (28.0) 26 (32.5) 0.455 1.238 (0.707-2.169) 89 (44.5) 0.001 2.062 (1.360-3.125)
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Table 4 The frequency of

genotypes and alleles of the Chemokine polymorphisms HBV (%) Healthy (C + SR) (%) P value Odds ratio
CCR5D32, CCR5-2459A/G, CCR5D32
MCP-1-2518A/G, VDR-
APalA/C, VDR-TagqlT/C WiWt 97 (97.0) 134 (95.7) Ref=1 -
polymorphisms between chronic WMt 2 (2.0 429 0.673 0.691 (0.124-3.847)
hepatitis B (HBV) patients and MMt 1(1.0) 2(1.4) 0.764 0.691 (0.062-7.726)
spontancously recovered (SR) WiMi + MiMt 3(3.0) 6 (43) 0.607  0.691 (0.169-2.830)
subjects/control group
(C) (C + SR) Wt 196 (98.0) 272 (97.1) Ref =1 -
Mt 4 (2.0) 8 (2.9 0.555 0.694 (0.206-2.337)
CCR5-2459A1G
AA 42 (42.0) 28 (20.0) 0.000 3.750 (1.885-7.460)
AG 36 (36.0) 57 (40.7) 0.166 1.579 (0.827-3.015)
GG 22 (22.0) 55 (39.3) Ref =1 -
AA + AG 78 (78.0) 85 (60.7) 0.005 2.294 (1.282-4.106)
A 120 (60.0) 113 (40.4) 0.000 2.217 (1.531-3.210)
G 80 (40.0) 167 (59.6) Ref=1 -
MCP-1-2518A1G
AA 35 (35.0) 73 (52.1) Ref=1 -
AG 46 (46.0) 55 (39.3) 0.052 1.744 (0.995-3.060)
GG 19 (19.0) 12 (8.6) 0.005 3.302 (1.444-7.554)
GG + AG 65 (65.0) 67 (47.9) 0.009 2.023 (1.193-3.431)
A 116 (58.0) 201 (71.8) Ref =1 -
G 84 (42.0) 79 (28.2) 0.002 1.842 (1.256-2.702)
VDR-APalA/IC
AA 33 (33.0) 70 (50.0) Ref=1 -
AC 45 (45.0) 58 (41.4) 0.086 1.646 (0.932-2.905)
cc 22 (22.0) 12 (8.6) 0.001 3.889 (1.719-8.795)
AC + CC 67 (67.0) 70 (50.0) 0.009 2.030 (1.192-3.458)
A 111 (55.5) 198 (70.7) Ref =1 -
C 89 (44.5) 82 (29.3) 0.001 1.936 (1.325-2.830)
VDR-TaqlT/C
T 33 (33.0) 70 (50.0) Ref=1 -
TC 45 (45.0) 58 (41.4) 0.086 1.646 (0.932-2.905)
ccC 22 (22.0) 12 (8.6) 0.001 3.889 (1.719-8.795)
TC + CC 67 (67.0) 70 (50.0) 0.009 2.030 (1.192-3.458)
T 111 (55.5) 198 (70.7) Ref=1 -
C 89 (44.5) 82 (29.3) 0.001 1.936 (1.325-2.830)

The sequence of the primers, restriction enzymes and
the fragment length after digestion are shown in Table 1.
Every reaction contained 1 pl of each primer, 100 ng of
template DNA and 10 pl of 2x Prime Taq Premix (Genet
Bio, Korea) and 7 pl ddH20 in a 20 pl of total reaction
volume. The PCR conditions were as follows: initial
denaturation at 95 °C for 5 min followed by 35 cycles of
denaturation at 95 °C for 30 s, annealing at 56 °C for
CCR5D32, 58 °C for CCR5-2459A/G, 60 °C for MCP-1-
2518A/G and 61.5 °C for VDR-APalA/C and VDR-TaqlT/
C polymorphisms for 30 s and extension at 72 °C for 30 s,
followed by a final extension step at 72 °C for 5 min.
Finally, the PCR products digested by the restriction

enzymes (Fermentas, Vilnius, Lithuania) and digested
products were resolved by electrophoresis in 2—-4% agarose
gel and stained with ethidium bromide (Fig. la—e).

Statistical Analysis

Statistical analysis was performed by SPSS 20.0. Com-
puting the odds ratio (OR) and 95% confidence intervals
(95% CI) from logistic regression analyses were used for
assessing the relationship between genotypes and HBV.
The distributions of genotypes were tested with the Chi-
square analyses. Data were expressed as mean £ SD. A
P value of < 0.05 indicated the statistical significance.
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Table 5 Haplotype frequencies (D32/2459/MCP-1/Apal/Taql) in chronic hepatitis B (HBV) patients, spontaneously recovered (SR) subjects

and control group (C)

Haplotypes C group SR group P value Odds ratio HBV group P value Odds ratio

n (%) n (%) n (%)
WtAGCC 12 (12.0) 8 (20.0) 0.349 1.692 (0.563-5.089) 40 (40.0) 0.000 8.462 (3.406-21.021)
WtGAAT 33 (33.0) 13 (32.5) Ref =1 - 13 (13.0) Ref =1 -
MIAGCC 5 (5.0) 3(7.5) 0.599 1.523 (0.317-7.311) 4 (4.0) 0.343 2.031 (0.470-8.771)
WIAAAC 31 (31.0) 7 (17.5) 0.295 0.573 (0.202-1.624) 26 (26.0) 0.073 2.129 (0.931-4.867)
WtGGCT 19 (19.0) 9 (225) 0.723 1.202 (0.433-3.335) 17 (17.0) 0.079 2.271 (0.908-5.680)
TOTAL 100 (100.0) 40 (100.0) 100 (100.0)

Table 6 Haplotype frequencies

(D32/2459MCP-1/Apal/Tagql) Haplotypes Healthy)C + SR) n (%) ?1(3‘;:) group P value Odds ratio

in chronic hepatitis B (HBV)

patients and spontaneously WIAGCC 20 (14.3) 40 (40.0) 0.000 7.077 (3.127-16.016)

recovered (SR) subjects/control

aroup (C) (C + SR) WiGAAT 46 (32.9) 13 (13.0) Ref = 1 -
MIAGCC 8 (5.7 4 (4.0) 0.407 1.769 (0.459-6.817)
WIAAAC 38 (27.1) 26 (26.0) 0.290 2.421 (0.096-5.347)
WtGGCT 28 (20.0) 17 (17.0) 0.082 2.148 (0.908-5.084)
Total 140 (100.0) 100 (100.0)

Results ethnicities were not significantly different between the 3

Clinical characteristics of study populations are listed in
Table 2. Study subjects were divided into three groups:
patients with chronic HBV infection (female/male. 43.0/
57.0), patients that spontaneously recovered from infection
(female/male. 37.5/62.5) and healthy people (female/male.
49.0/51.0). The gender ratio (female/male), ages and

[l CCR5concentration
[H vDRconcentration

[CImCP1 concentration
300.007

200.00

Mean (pg/ml)

100.00-

HBY SR CONTROL
GROUP

Fig. 2 Comparison of CCR5, MCP-1, VDR serum levels between
chronic hepatitis B (HBV) patients, spontaneously recovered (SR)
subjects and control group (C). P < 0.05 considered significant

@ Springer

groups (P = 0.427, P = 0.125, P = 0.292).
Genotype Analysis

The genotype frequencies for each polymorphism are
shown in Tables 3 and 4. Genotype distributions at all
SNPs was in Hardy—Weinberg equilibrium (P > 0.05).
Genotype distribution of CCR5-2459A/G, MCP-1-2518A/
G, VDR-APalA/C, VDR-TaqlT/C SNPs among the chronic
HBV patients was found to be significantly different
compared to healthy controls (C + SR) (P = 0.001,
P =0.009, P =0.003, respectively). Likewise, compared
to healthy controls (C + SR), allele distributions in chronic
HBV patients were significantly different (P = 0.001,
P =0.002, P =0.001, respectively). There were a higher
rate of CCR5-2459AA, MCP-1-2518GG, VDR-APalCC
and VDR-TaqlCC genotypes (42.0, 19.0, 22.0%) in the
chronic HBV patients compared to the healthy controls

Fig. 3 Serum levels of chemokines of chronic hepatitis B (HBV)p
patients and spontaneously recovered (SR) subjects/control group
(O) (C + SR), stratified for the a CCR5D32, b CCR5-2459A/G,

¢ MCP-1-2518A/G, d VDR-APalA/C, e VDR-TaqlT/C polymor-
phism. The dots show the mean value with standard deviation. A line
was inserted to illustrate the direction of the association. *P = 0.013,
compared with genotype GG. **P = 0.029, compared with genotype
AA; ##*P =(0.002, compared with genotype AA; *****pP = (.024,
compared with genotype GG. ****P = 0.012, compared with geno-
type AA. **¥*%P = (.012, compared with genotype TT
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Fig. 4 Association of haplotypes of D32/2459/MCP-1/Apal/Taql
polymorphisms with serum a CCRS, b MCP-1, ¢ VDR level between
chronic hepatitis B (HBV) patients and spontaneously recovered (SR)
subjects/control group (C) (C + SR). The dots show the mean value

(20.0, 8.6, 8.6%). Carriage of the A, G, C, C alleles at
position CCR5-2459A/G, MCP-1-2518A/G, VDR-APalA/
C, VDR-TaqlT/C were associated with chronic HBV
infection. No significant difference was found between the
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with standard deviation. A line was inserted to illustrate the direction
of the association. *P = 0.034, Compared with genotype WtGAAT.
**P = (0.015, Compared with genotype WIGAAT. ***P = (.047,
Compared with genotype WtGAAT

3 groups (P> 0.05) in the genotype distribution of
CCR5D32 polymorphism.

Analysis of linkage disequilibrium indicated that there
was a significant association between CCR5-2459A/G,
MCP-1-2518A/G

polymorphisms (D' = 0.556,
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R2 = 0.310). Interestingly, the results suggested complete
linkage disequilibrium between VDR-APalA/C, VDR-
TaqIT/C SNPs (D' = 1, R2 = 1). Linkage disequilibrium
did not observe between CCR5D32 and CCR5-2459A/
G polymorphisms (D' = 0.134, R2 = 0.018).

We also calculated the CCR5D32, CCRS5-2459A/G,
MCP-1-2518A/G, VDR-APalA/C, and VDR-Taq1T/C hap-
lotype association analysis, and found 5 genotypes. As
shown in Tables 5 and 6, the distribution frequency of
haplotypes showed significant association between chronic
HBV infection compared to the C and SR groups
(P < 0.05). In our study, WtAGCC haplotype had a sig-
nificantly higher frequency in HBV patients than C and SR
groups. Also, results indicated enrichment of WtAGCC
haplotype among patients than healthy controls (C + SR)
(4.0 vs 14.3%, P = 0.000). It means that this haplotype
might relate to the natural history of the infection.

Analysis of Serum Parameters

Serum levels of chemokine were different between 3
groups (Fig. 2). Serum levels of the MCP-1 were signifi-
cantly increased and CCR5 and VDR reduced in the
chronic HBV patients compared to the healthy groups
(C + SR) (P < 0.05) (Fig. 3). Statistical analysis indicated
positive correlations between CCR5, MCP-1 and VDR
genotypes and serum levels of the CCRS, MCP-1 and VDR
in HBV patients (Fig. 3). Chronic HBV patients with
MCP-1-2518AG and MCP-1-2518GG genotypes had
higher levels of MCP-1 compared to MCP-1-2518AA
genotype (P =0.029, P =0.002, respectively). In this
regard, healthy groups (C + SR) with MCP-1-251AA
genotype had reduced levels of MCP-1 compared to MCP-
1-2518GG genotype (P = 0.024). Also, Chronic HBV
patients with CCR5-2459AA genotype had reduced levels
of CCRS compared to CCR5-2459GG (P = 0.013). Lower
levels of VDR had seen in HBV patients with VDR-aal/tt
genotypes compare to the VDR-AA/TT (P = 0.012). The
results showed that the risk of HBV infection was signifi-
cantly increased in subjects with Wt AGCC genotype that
had higher levels of MCP-1 and reduced levels of CCR5
and VDR, compared to the WtGAAT genotype (P = 0.015,
P =0.034, P = 0.047, respectively) (Fig. 4).

Discussion

This is a case—control study, analyzing the five SNPs in
chemokines and regulatory proteins in a sample of Iranian.
SNPs were monitored in 100 Iranian chronic HBV infected
patients and 140 healthy controls comprised from sponta-
neously recovered from HBV and healthy subjects. The
genotype and allele frequencies of CCR5-2459A/G, MCP-

1-2518A/G, VDR-APalA/C and VDR-TaqlT/C polymor-
phisms in HBV patients were significantly different from
the two other groups (SR and C). No significant differences
in the distribution of CCR5D32 variations were found
between HBV patients and healthy subjects in this study.
The current study emphasized the critical role of
chemokines in chronic HBV infection and the results
showed that CCRS5-2459AA, MCP-1-2518GG, VDR-
APalCC and VDR-TaqlCC genotypes were completely
associated with the existence of disease.

Recently we have reported that some cytokine SNPs
affected the susceptibility to HBV infection [6, 8, 19, 20].
It is well known that chemokines as regulators of host
immune system mediate inflammation and immune
responses against pathogens [21].

Although the positive relationship between CCRS
polymorphisms and HCV infection had been shown [11],
but the main function of CCRS in chronic HBV infection is
not clear.

Chang et al. [22], Ahn et al. [23], indicated that CCR5-
2459A/G polymorphism might be a risk factor for HBV
infected patients. In accordance with our finding, they
reported that CCR5-2459A allele was common in chronic
HBYV patients compared to the healthy controls (SR + C)
and was associated with an increased risk of chronic
infection. Also, they did not find significant differences
between groups in regard to the CCR5D32 because CCR5-
32 bp deletion mutation did not exist in participants.
Among the participants in our study, only 9 people (4C,
2SR, 3hbv) had CCR5-32 bp deletion, but the frequency of
genotypes and alleles was not statistically significant. In
this study, the frequency of CCR5-2489G allele was similar
between the SR group and HBV group, which means that
CCR5-2489G allele might not have a protective role
against HBV infection.

Also, we found lower levels of CCRS5 in serum of the
HBYV patients carrying the CCR5-2459A allele. In regard to
the HBV, lower levels of CCR5 might lead to the lack of
suitable ligand binding to the CCRS, which caused a
deficiency in immune responses against HBV infection
[24]. Therefore, CCRS, as a mediator of immune signaling
cascades, should be considered in drug design. In addition,
CCR5-2459A/G polymorphism located at the downstream
of promoter region which is responsible for the transcrip-
tional activity of the CCRS5 gene [25]. In accordance with
our results, Paxton et al. [26] demonstrated the association
of the level of CCRS5 expression and mRNA production
with the risk of HBV infection.

Another explanation for our findings is that, the risk of
HBYV is associated with Th1l and Th2 responses against the
HBYV antigens partly through the CCR5. CCRS5 is expres-
sed in lymphocytes in the liver. In other words, incomplete
activity of Thl and Th2 cells may be responsible for the
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HBYV survival [24]. Also, genetic variations such as SNPs
in promoter, which has transcription activity, might cause
changes in Thl and Th2 biological activity and reduce or
enhance immune response in hepatic tissue. Our findings
indicated that infection was enhanced with the CCRS5-
2459AA homozygous patients, which reduce the expression
of CCRS. This phenomenon leads to the exacerbation of
the hepatic inflammation. However, the results of Cheong
et al. [16] did not show statistically significant association
between CCRS promoter SNPs and susceptibility to per-
sistent HBV infection. Conflicting Results may be due to
differences in the study design.

MCP-1 induces the inflammatory monocytes to produce
the immune responces. The MCP-1-2518 G allele upregu-
lates serum MCP-1 levels, so HBV infected patients have an
increased frequency of MCP-1-2518 GG genotype [13]. In
current study, HBV infected patients, SR and C groups had
different frequency of MCP-12518 variants, which means
this SNP has significant role in susceptibility to HBV
infection. It has been made clear that MCP-1-2518 SNP was
associated with various diseases such as HBV clearance [15],
the distribution genotypes were different between studies. In
line with our study, Park et al. [15] analyzed MCP-1-2518
polymorphism and found a significant relationship between
MCP-1-2518A allel and chronic hepatitis B virus. They
implied A allele as arisk factor for HBV. In contrast, Cheong
et al. [16] reported that MCP-1-2518 polymorphism did not
associate with the outcome of hepatitis B virus infection. On
the other hand, MCP-1 gene SNP was associated with
severity of HCV related liver disease [14]. Such differences
may be due to variations in the immunopathogenesis of HBV
and HCV infection.

Some SNPs in the VDR gene with biological effects
were identified. Also, the positive association of VDR
variations with chronic diseases such as autoimmune hep-
atitis [27], Crohn’s disease [28] and hepatitis B [29] were
investigated. Interestingly, we found that VDR Apal and
VDR Taql polymorphisms are in complete linkage dise-
quilibrium in which that all subjects with VDR Apal CC
genotype also has VDR Taql CC variants. The co-existence
of these two alleles associated with an increased suscepti-
bility to HBV infection and also reduced serum levels of
VDR in patients. In the current study, the combination of
the polymorphisms revealed a correlation between allelic
combination and disease severity. The frequency of
WtAGCC (CCR5D32, CCR5-2459, VDR Apal and Tagql,
respectively) haplotype was significantly higher in HBV
patients. In 1994, Morrison et al. [30] suggested that VDR
Apal and Taql genotypes and alleles were completely in
linkage disequilibrium. They also indicated that VDR
polymorphisms affect mRNA production and VDR mRNA
stability. Our study reveals that CC genotype is associated
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with HBV infection which might be caused by reduced
levels of VDR and varied mRNA stability.

Some SNPs studied have important effects on the sus-
ceptibility and outcomes of HBV infection. Also, we found
that chemokine levels probably be depend on the severity
of infection. Determination of the real effects of chemokine
polymorphisms needs more detailed studies. The restric-
tions that are leading to contradictory results, likely
include: sample size, patients’ selection, different cultural
backgrounds, epidemiological and geographical factors,
study conditions (such as; number and characteristics of the
subjects and HBV genotype variations) and different gene—
gene interactions. In conclusion, the results have shown the
role of genetic polymorphisms of CCR5D32, CCRS5-
2459A/G, MCP-1-2518A/G, VDR-APalA/C, VDR-TaqlT/
C in the HBV infection, and elucidated an association
between HBV infection and chemokines gene
polymorphisms.
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