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Background: The role of MCP1-2518 A/G in hepatitis B virus (HBV) infection is controversial. Our aim was to evaluate the fre-
quency distribution of MCP1-2518 A/G (rs1024611) polymorphic variants in hemodialysis (HD) patients with-
out or with type 2 diabetes in relation to serological markers of HBV infection.

Material/Methods: HD patients (n=170, 48 with diagnosis of type 2 diabetes), who tested positive for total antibodies to HBV core
antigen (anti-HBc), underwent MCPI genotyping using polymerase chain reaction-restriction fragment length
polymorphism assay. Anti-HBc was accompanied by antibodies to HBV surface antigen (anti-HBs) in 127 in-
dividuals. In anti-HBc-positive/anti-HBs-negative patients, HBV surface antigen (HBsAg) was shown in 15 pa-
tients and isolated anti-HBc were present in 28 patients. The distribution of MCP1 genotypes in anti-HBc-pos-
itive patients was compared to that in healthy subjects (n=437) and anti-HBc-negative HD patients (n=754).

Results: There were no significant differences (P,,,, >0.05) in distribution of MCPI genotypes between anti-HBc-positive
patients, anti-HBc-negative subjects, and controls, regardless of anti-HBs or diabetic status. The MCP1-2518G
allele prevalence was higher in HBsAg-positive/anti-HBs-negative patients defined as HBV carriers compared
to MCP1-2518G allele frequency shown in groups composed of HBsAg-negative HD individuals and controls
(50% vs. 28%, P, , 0.022).

Conclusions: A frequency distribution of MCP1I polymorphic variants is not associated with anti-HBs development in re-
sponse to HBV infection in HD patients, independent of diabetic status, but the MCP1-2518G allele may pre-
dispose to HBsAg persistence (HBV carrier status).

MeSH Keywords: Chemokine CCL2 ¢ Diabetes Complications ¢ Dialysis ¢ Hepatitis B Antibodies ¢ Polymorphism, Genetic

Abbreviations: ALT - alanine aminotransferase; anti-HBc — antibodies to core antigen of hepatitis B virus;
anti-HBs — antibodies to surface antigen of hepatitis B virus; AST — aspartate aminotransferase;
cccDNA - covalently closed circular DNA; ClI - confidence interval; DM - diabetes mellitus;
DNA - deoxyribonucleic acid; GGT — gamma-glutamyltranspeptidase; HBsAg — surface antigen of hepa-
titis B virus; HBV — hepatitis B virus; HD — hemodialysis; HWE — Hardy-Weinberg equilibrium;
IL - interleukin; MAF — minor allele frequency; MCP-1 — monocyte chemoattractant protein-1;
MCP1 - monocyte chemoattractant protein-1 gene; OR - odds ratio; RRT — renal replacement therapy;
TNF-o. - tumor necrosis factor interleukin
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Background

Patients undergoing chronic hemodialysis (HD) treatment due
to end-stage renal disease (ESRD) are at risk of infection with
blood-borne viruses, including hepatitis B virus (HBV). Total
antibodies to HBV core antigen (anti-HBc) are an established
marker of current (IgM) or previous (IgG) infection with HBV
if they are positive in the confirmatory tests and reactive in
determinations repeated over time [1,2]. Anti-HBc appear as a
result of HBV transmission to non-vaccinated or non-success-
fully hepatitis B vaccinated individuals, but they may also elic-
it in vaccinated HD patients with maintained protective lev-
els (>10 U/l) of antibodies to HBV surface antigen (anti-HBs)
[3]. Immune tolerance to viral antigens, like HBV surface an-
tigen (HBsAg), results in a lack of development of anti-HBs
and persistence of HBsAg in the bloodstream. Patients who
are HBsAg-positive and simultaneously anti-HBs-negative are
commonly defined as HBV carriers. The mechanisms respon-
sible for promotion or inhibition of anti-HBs generation and
HBsAg clearance are not fully understood. Monocyte chemoat-
tractant protein-1 (MCP-1), referred also as chemokine (C-C
motif) ligand 2 (CCL2), has been suggested to be a link in the
chain involved in the hepatitis B outcome [4,5].

Individuals with occult hepatitis B — defined as the presence of
HBV DNA in liver/serum with undetectable HBsAg — had sig-
nificantly increased levels of MCP-1 compared to the healthy
controls and patients that had resolved HBV infection (HBsAg-
negative, anti-HBs-positive) [5]. MCP-1 expression level in
the liver was higher in chronic hepatitis B complicated with
non-alcoholic fatty liver diseases than that shown in hepati-
tis B without such concomitant diseases [6]. MCP-1 was sig-
nificantly up-regulated in patients with hepatocellular carci-
noma, showing HBV infection in over 50% of cases [7]. These
data indicate that higher MCP-1 level is generally associated
with worse clinical condition in HBV infection. Serum levels of
MCP-1 increase with deterioration of renal function and are
higher in HD patients than in healthy individuals [8-12]. The
promoter region of the MCP-1 gene (MCP1I) was shown to in-
fluence MCP-1 expression [13,14]. The MCP1-2518G allele was
associated with up-regulation of both MCP-1 transcript and
protein levels in many studies [11,13-16], but not all [17]. HD
subjects with AG+GG genotypes of the MCP-1 gene (MCP1
rs1024611) had higher MCP-1 levels than those with the AA
variant [11]; this may predispose HD patients to HBV infec-
tion. In the study by Park et al. [18] on Korean subjects, pro-
moter polymorphism of MCP1 (MCP1-2518G>A) was involved
in HBV clearance, but Cheong et al. [19] did not demonstrate
an association of MCP1-2518G>A with the outcome of HBV
infection in Korean patients.

The aim of our study was to evaluate the frequency distribution
of MCP1-2518 A/G (rs1024611) polymorphic variants in patients
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who are non-hepatitis B vaccinated and HBV-infected HD pa-
tients in respect to commonly used HBV serological markers
present in response to HBV infection. In particular, we would
like to determine whether MCP1-2518 A/G polymorphism is
associated with the development of anti-HBs that usually fol-
lows HBsAg disappearance from the bloodstream, and spon-
taneous recovery from HBV infection indicated by negative
HBsAg and positive anti-HBs.

Material and methods

Patients and controls

One hundred seventy HD patients showing positive total an-
ti-HBc were enrolled into the study (99 men, age 61.0+14.7
years, renal replacement therapy vintage 3.1, 0.05-26.3 years).
Subjects with isolated anti-HBc positivity (HBsAg-negative, an-
ti-HBc-positive, anti-HBs-negative) were also included. Only
patients who had confirmatory assays and consistently main-
tained positive anti-HBc status were enrolled.

Anti-HBc-positive patients were never hepatitis B vaccinat-
ed and accounted for 18.4% of HD subjects (n=924) tested
for serologic markers of HBV infection. Thirteen patients had
a history of acute hepatitis B. Anti-HBc was accompanied by
anti-HBs in 127 individuals: 126 patients showed classical se-
rologic pattern of HBV resolution (HBsAg-negative, anti-HBs-
positive), indicating spontaneous recovery from HBV infection;
1 patient in this group was both HBsAg- and HBV DNA-positive.
In anti-HBc-positive/anti-HBs-negative patients (n=43), HBsAg
positivity was shown in 15 patients (classical serologic pat-
tern of HBV carrier status), and isolated anti-HBc seropositivi-
ty (HBsAg-negative, anti-HBc-positive, anti-HBs-negative) was
present in 28 patients. HBV DNA testing (detection limit 250
copies ml-1) was positive in 11 HBV carriers (1 patient had a
negative test result for HBV DNA, and 3 patients were not in-
vestigated). All HBsAg-positive patients (n=16) accounted for
1.7% of all tested subjects.

In the anti-HBc-positive HD group there were 48 patients with
type 2 diabetes mellitus (DM), and no patients with type 1
DM. Type 2 DM was a cause of diabetic nephropathy leading
to ESRD and HD treatment in all 48 patients. Selected demo-
graphic and clinical data of main groups of anti-HBc-positive
HD patients are shown in Table 1.

Unrelated blood donors and healthy volunteers served as con-
trols for distribution of MCP1-2518 A/G (rs1024611) polymor-
phic variants (n=437). This control group was also used in our
earlier studies [20,21]. Additionally, results of MCP1 genotype
distribution in anti-HBc-positive HD patients were compared
to those of anti-HBc-negative HD patients (n=754) described
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Table 1. Selected demographic and clinical data of main groups of anti-HBc positive HD patients.

All anti-HBc positive HD patients (n=170)

Parameter
Men, n (% of all) 71 (55.9) 28 (65.1) 0.3712
CAgeyeas  eleaa 593:155 03910
| RRTduration,years 280005263 36005251 0139+

Diabetic nephropathy 37 (29.1) 11 (25.6) 0.700?
© Hypertensive nephropathy 20051 640 0778t
" Chronic gomerulonephris 1804 14G26) 0008
© Chronic twbulointerstitial nephritis 109 sg0 0sss
 Polycystic kidney disease 768 123 0663
3460175236915 18845 orother 35076 | sase 03110
Cartom 16(-195)  18(s3)  044e
CasTOM) 18(6-152  18(6-81) 0651
eerm) 26 (@-498)  25(-289) 0936

Parameter
Men, n (% of all) 18 (48.6) 53 (58.9) 0.329°
CAgeyeas  eswa 608s149 03810
| RRTduration,years 20005-157) 34014263 0.008

Diabetic nephropathy 37 (100) 0 (0)
”””” Chronic glomerulonephrits - 1@y -
”””” Hypertensive nephropathy - 202 -
"""" Chronic tubulointerstitial nephritis - 0@y -
”””” Polycystic kidney disease - 7@8 -
”””” 34661752, 36915, 18845 or other - 3s@89) -
R 18(-195) 14298 0315f
AT 180150 175672 0.588f
eeTwmy 25(12-168)  27(a498) 0.9aaf

Parameter
Men, n (% of all) 6 (54.5) 22 (68.8) 0.627¢
Cngeyeas  eapn2a 5751162 0189
| RRTduration,years 36024242 47005251 0770+
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Table 1 continued. Selected demographic and clinical data of main groups of anti-HBc positive HD patients.

Anti-HBs negative (n=43)

GGT (U/)

Diabetics (n=11)

23 (11-93)

Non-diabetics (n=32) P value

ALT — alanine aminotransferase; anti-HBc — antibodies to core antigen of hepatitis B virus; anti-HBs — antibodies to surface antigen
of hepatitis B virus; AST — aspartate aminotransferase; GGT — gamma-glutamyltranspeptidase; HD — hemodialysis; RRT — renal
replacement therapy. Statistical tests: a — Chi square; b — t student; c — Mann Whitney; d — V square; e — Yates corrected Chi-square;
f — Mann Whitney; g — renal diagnosis codes for the ERA-EDTA [58]. Significant differences are indicated using bold font.

in our recent study [21]. The latter group consisted of 601 an-
ti-HBs-positive patients due hepatitis B vaccination and 153
non-responders to hepatitis B vaccination (anti-HBs-negative).

All examined subjects were of white race.
Genotyping

MCP1rs1024611 genotyping was determined by polymerase
chain reaction-restriction fragment length polymorphism, as
previously described [20].

Laboratory methods

Serologic markers of HBV infection and serum activities of liv-
er enzymes were determined by the methods previously de-
scribed [22].

Statistical methods

Results are presented as percentage for categorical variables, as
mean with 1 standard deviation for normally distributed contin-
uous variables, or as median with range for not normally distrib-
uted continuous variables. Statistical tests used for comparison
of data obtained in selected groups are indicated at each P value.

Hardy-Weinberg equilibrium (HWE) was tested to compare the
observed genotype frequencies to the expected ones using the
chi-square test. The Fisher exact probability test or chi-square

test were used to evaluate differences in genotype and allele
prevalence between the examined groups. The odds ratio (OR)
with p value and 95% confidence intervals (95% Cl) value were
calculated. Polymorphisms were tested for association using
the chi-square test for trend (P, ). The Fisher exact test was
used for power analysis.

trend)

Values of P<0.05 were judged to be significant. All probabili-
ties were 2-tailed.

Statistical calculations were performed using GraphPad InStat
3.10, 32 bit for Windows, created July 9, 2009 (GraphPad
Software, Inc., La Jolla, USA), CytelStudio version 10.0, created
January 16, 2013 (CytelStudio Software Corporation, Cambridge,
USA), and Statistica version 10, 2011 (Stat Soft, Inc., Tulsa, USA).

Ethical approval
The research design was approved by the Institutional Review

Board of Poznan University of Medical Sciences, Poland.
Informed consent was obtained from all study participants.

Results

There was no significant deviation from the HWE in the gen-
otype frequencies in all anti-HBc-positive HD patients, non-
DM and DM groups, as well as anti-HBs-positive and anti-HBs-
negative groups (Supplementary Table 1).
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Table 2. Comparison of the distribution of MCP1 rs1024611 polymorphic variants in anti-HBc positive/anti-HBs positive hemodialysis

(HD) patients and controls

Anti-HBc positive/
anti-HBs positive
patients
(frequency)

Controls

Genotype (frequency)

0Odds ratio
(95%ClI)

1.218 (0.700-2.071)

Two-tailed

anti-HBc — antibodies to core antigen of hepatitis B virus; anti-HBs — antibodies to surface antigen of hepatitis B virus; DM — diabetes

mellitus; MAF — minor allele frequency.

Statistical analyses did not show significant differences in MCP1
genotype frequencies between anti-HBc-positive HD patients
and controls, independent of occurrence of type 2 DM or an-
ti-HBs status (Tables 2 and 3). There were also no significant
differences in MCP1 genotype frequencies when anti-HBc-posi-
tive patients were categorized as anti-HBs-positive or -negative
(Table 4). Similar comparisons between anti-HBc-positive and
anti-HBc-negative HD groups did not reveal a significant differ-
ence (P, , >0.05, Supplementary Tables 2—-4). MCP1 genotype

trend
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frequencies between HD patients with isolated anti-HBc posi-
tivity and HD patients with HBV resolution (in our study both
these groups differed only in anti-HBs status) were also non-
significant (Supplementary Table 5).

The significant differences in MCP1 genotype frequencies were
shown between the anti- HBc-positive HD group that repre-
sented HBV carriers and HD individuals with HBV resolution
(Table 5), as well as between HBV carriers, healthy controls,
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Table 3. Comparison of the distribution of MCP1 rs1024611 polymorphic variants in anti-HBc positive/anti-HBs negative hemodialysis

(HD) and controls

Anti-HBc
positive/anti-
HBs negative

HD patients
(frequency)

Controls

Genotype (frequency)

0Odds ratio
(95%ClI)

1.451 (0.520-3.758)

Two-tailed
P )
genotyping

anti-HBc — antibodies to core antigen of hepatitis B virus; anti-HBs — antibodies to surface antigen of hepatitis B virus; DM — diabetes

mellitus; MAF — minor allele frequency.

anti-HBc negative HD patients, and HD patients with isolat-
ed anti-HBc positivity (Table 6). There was a higher preva-
lence of the MCP1-2518G allele in HBV carriers compared
to the MCP1-2518G allele frequency in patients of all afore-
mentioned groups. Among anti-HBc-positive HD patients, the
highest prevalence of HBsAg-positive/anti-HBs-negative sub-
jects (HBV carriers) was in the group bearing the GG genotype
(Supplementary Table 6).
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Discussion

The past decades have brought important changes in recog-
nition of outcome of HBV infection. A discovery of HBV co-
valently closed circular DNA (cccDNA) organized into mini-
chromosomes within the nucleus of HBV-infected cells have
presented new challenges for researchers and clinicians who
focus on complete cccDNA eradication as a target for antiviral
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Table 4. Comparison of the distribution of MCP1 rs1024611 polymorphic variants in anti-HBc positive/anti-HBs negative patients
hemodialysis (HD) and anti-HBc positive/anti-HBs positive HD patients.

Anti-HBc Anti-HBc
positive/anti-HBs positive/anti-HBs
negative patients positive patients

(frequency) (frequency)

0Odds ratio
(95%CI)

Two-tailed

Pocrotyong  POWeET (CA)

0.473 0.766

0.504 0.790

AA 4 (0.36) 17 (0.46) Referent = 0.727 0.803
A6 6 (055 16 (043 159403069097 o784 61
6 1 0o 4 1)  1063(0017-1584  1o00 19
AGIGG 7 (069 20 (054  1488(0310-8103)  08%6 64
CMAF 8 (036 24 (032 119003783544 o919 51

anti-HBc — antibodies to core antigen of hepatitis B virus; anti-HBs — antibodies to surface antigen of hepatitis B virus; DM — diabetes

mellitus; MAF — minor allele frequency.

therapy [23,24]. Therefore, disappearance of cccDNA from in-
fected cells (hepatocytes) could be an indicator of resolution
of HBV infection. Commonly used serologic markers of HBV
infection help to stratify the HBV-infected individuals accord-
ing to their infectivity rather than in respect to HBV eradica-
tion and total dissolution of hepatitis B infection. They change
over time and may disappear throughout the lifespan. Such a
possibility needs to be taken into account in stratification of

This work is licensed under a Creative Commons
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infected patients for those with a high probability of HBV rep-
lication (HBV DNA usually detectable using standard determi-
nations) or those who currently do not replicate HBV or repli-
cate at low levels, routinely undetectable. HD subjects are in
good position in diagnosis of HBV infection because they un-
dergo periodic examinations of basic serologic HBV markers
on a mandatory basis. However, it is also possible that HBV-
infected patients with occult hepatitis B may be negative
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Table 5. Comparison of the distribution of MCP1 rs1024611 polymorphic variants in HBsAg positive/anti-HBs negative HD patients
and anti-HBc positive/HBsAg negative/anti-HBs positive HD without or with DM.

HD patients anti-
HD patients HBc positive/
HBsAg positive/ HBsAg negative/
anti-HBs negative anti-HBs positive
(frequency) HD
(frequency)

0Odds ratio Two-tailed

CenomyEs (95%CI) P

P |
genotyping

AA 4 (0.27) 66 (0.52) Referent = 0.021 0.064
A6 7 0an 48 039  oas(oss-i7se) 0202 202
66 402 1 01  ow@eo-ls) ooz 563
A6 11 ©07) e (049  o3m@or-l2n o5 84
we 15 050 72 (029 04000173093 003 . 614

HD cases without

Referent - 0.043 0.096

AA 1 (0.2) 17 (0.46) Referent = 0.273 0.528
6 308 16 043  0314(00064509)  oess 01
R 10y 4 i) 023500032305 ozt 104
asse 4 08 20 (054 02940006344  o0s0 69
B T % (032) 0400101233  oast 159

anti-HBc — antibodies to core antigen of hepatitis B virus; anti-HBs — antibodies to surface antigen of hepatitis B virus; DM — diabetes
mellitus, hemodialysis; HBsAg — surface antigen of hepatitis B virus; HD — hemodialysis; MAF — minor allele frequency.
Significant differences are indicated using bold font.

for all serological markers of HBV infection except HBV DNA
[25]; this indicates a tremendous variability in chronic immu-
nological reactions to HBV transmission. Our main purpose
was to examine the possible association of MCP1-2518 A/G
(rs1024611) polymorphism with anti-HBs development. Patients
stratified by anti-HBs status represented different serological

constellations, especially anti-HBc-positive/anti-HBs-negative
subjects. Therefore, the anti-HBs-sorted groups were also an-
alyzed by HBsAg status.

Comparison of MCP1-2518 A/G (rs1024611) polymorphic vari-
ant frequency between anti-HBc-positive HD patients and
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Table 6. Comparison of MCP1 rs1024611 genotype frequencies between hepatitis B virus carriers [AA 4 (0.27), AG 7 (0.47), GG 4
(0.27), MAF (0.50)] and other selected groups.

rs1024611

Description of 0dds ratio Two-tailed Power
HD group rs1024611 genotyp.e (95%C1) pge’mypi"g %)
frequencies

Controls (n=437) AA 225 (0.51)  2.919 (0.846-12.73) 0.101 0.010 0.021 42.0

AG 177 (0.41)  0.778 (0.242-2.571) 0.822 5.3

GG 35 (0.08)  0.239 (0.067-1.091) 0.065 56.8

AG+GG 212 (0.49)  0.343(0.079-1.181) 0.101 41.9

MAF 247 (0.28)  0.394 (0.177-0.880) 0.022 67.7

HD anti-HBc negative  AA 349 (0.46) 2.370 (0.694-10.29) 0.209 0.015 0.012 26.9
PAtiENts (M=754) o o ool

AG 352  (0.47) 1.001 (0.314-3.277) 1.000 3.6

GG 53 (0.07)  0.208 (0.059-0.929) 0.040 61.4

AG+GG 405 (0.54)  0.422 (0.097-1.442) 0.209 26.9

MAF 458 (0.30)  0.436 (0.197-0.967) 0.041 59.5

HD patients with AA 16 (0.57) 3.667 (0.797-19.27) 0.110 0.014 0.038 39.0
isolated anti-HBC oo oo oolCoiooioooooooioooooosoooooioooo

positivity (n=28) AG 11 (0.39)  0.740 (0.175-3.184) 0.882 5.0

GG 1 (0.04)  0.102 (0.002-1.248) 0.086 60.3

AG+GG 12 (0.43)  0.273 (0.052-1.254) 0.110 38.9

MAF 13 (0.23)  0.302 (0.106-0.866) 0.023 66.8

anti-HBc — antibodies to core antigen of hepatitis B virus; HD — hemodialysis; MAF — minor allele frequency. Significant differences are

indicated using bold font.

healthy controls indicate no association between MCP1 geno-
types and susceptibility to HBV infection, or anti-HBs develop-
ment in HD patients already infected. Comparisons performed
inside the entire anti-HBc-positive HD group also did not re-
veal any associations between MCP1 genotypes and anti-HBs
development in response to HBV infection. This lack of asso-
ciation was also evident in analyses in which DM and non-DM
patients were analyzed separately. Associations of MCP1 poly-
morphism with type 2 DM have been demonstrated [26,27],
but in our studies there were no differences in MCP1 geno-
type frequencies between type 2 DM subjects with diabetic
nephropathy as a cause of ESRD and HD treatment, healthy
controls, anti-HBc-negative HD patients [21], or anti-HBc-pos-
itive HD subjects (Supplementary Table 7). On the other hand,
DM is a well-known predictor of hypo- or non-responsiveness
to hepatitis B vaccination in patients with chronic renal dis-
eases [28]. Therefore, DM could also influence anti-HBs pro-
duction in response to HBV infection. However, the distribu-
tion of MCP1 polymorphic variants was not associated with
development of protective anti-HBs in response to hepatitis B
vaccination, in DM as well as non-DM HD subjects not infect-
ed with HBV [21]. In the present study, the lack of MCP1-2518

A/G association with anti-HBs development was extended to
HBV-infected HD patients with or without type 2 DM.

Stimulations with HBsAg and different fusion proteins elicit-
ing moderate or high MCP-1 levels [with concomitant differ-
ences in tumor necrosis factor o (TNF-ot), interleukin (IL)-12,
IL-10, interferon-y, and IL-6)] did not result in a significant dif-
ference in anti-HBs levels in transgenic mice [4], and reduc-
tions in serum and liver HBsAg levels were dependent on stim-
ulation. High level productions of TNF-oe and MCP-1 caused a
more severe cytotoxicity in hepatocytes and were less effec-
tive in reducing serum HBsAg level. Studies by Meng et al. [4],
although not exclusively related to MCP-1, clearly demonstrate
that differences in MCP-1 concentrations do not correlate with
anti-HBs levels but may be important for HBsAg clearance. It
has been suggested that the anti-HBs response alone cannot
account for the reduction of HBsAg [4], although anti-HBs ap-
pearance in the bloodstream is usually associated with HBsAg
clearance. Therefore, a lack of association between MCP1-2518
A/G and anti-HBs development may not preclude the associ-
ation between MCP1 and HBV clearance indicated by HBsAg
disappearance from the blood.
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Supplementary Table 1. The distribution of MCP1rs1024611 genotypes in anti-HBc positive HD patients in respect to HWE.

All HD cases HD cases without DM HD cases with DM

MCP1 rs1024611
genotype frequencies

P value for deviation

o 0.397 0.256 0.829
AA 67 (0.53) 65 (0.51) 50 (0.56) 48 (0.53) 17 (0.46) 17 (0.46)
Y 8 038 52 04D 32 035 35 039 16 043 16 (043)
6 1 009 10 008 8 (009 7 008 4 1) 4 ©11)
fPr;’::“:VCOEr deviation 0.433 0.388 0.935

AA 20 (0.46) 19 (0.44) 16 (0.50) 15 (0.47) 4 (0.35) 5 (0.45)
T 18 (042 19 044 12 039 14 04 6 055 5 (045
s 5 019 5 012 4 01 3 009) 1010 1 010
P value for deviation 0.759 0.472 0.554

from HWE

anti-HBc — antibodies to core antigen of hepatitis B virus; anti-HBs — antibodies to surface antigen of hepatitis B virus;
DM - diabetes mellitus; HD — hemodialysis; HWE — Hardy-Weinberg equilibrium.

Differences in MCP1-2518 A/G genotype frequencies are re-
flected in variations of MCP-1 blood concentrations [11,13-16].
In accordance with the available data, the involvement of
MCP1-2518 A/G polymorphism in the outcome of HBV infec-
tion is, however, controversial [18,19]. To approach this prob-
lem, our further analyses on anti-HBc-positive HD patients
were focused not only on anti-HBs status, but also on coexis-
tence of HBsAg positivity and anti-HBs negativity, as well as
the HBsAg negativity and anti-HBs positivity that represent se-
rological profiles of HBV carrier status and recovery from HBV
infection, respectively. For such analyses, patients with isolat-
ed anti-HBc positivity were excluded from the group of anti-
HBc-positive/anti-HBs-negative subjects, as well as a unique
HBsAg-positive/anti-HBs-positive patient was excluded from
the group of anti-HBc-positive/anti-HBs-positive subjects. As
a result, it became possible to show that the MCP1-2518G

allele predisposes to maintenance of HBV infection (HBV car-
rier status). Therefore, our results support Korean findings in-
dicating associations of MCP1-2518 A/G polymorphism with
resolution/persistence of HBV infection (renal function in the
examined subjects was not shown).

A weak point of this study is the small number of HBsAg-
positive patients (HBV carriers). In the Greater Poland region
of our country, the prevalence of HD patients infected with
blood-borne viruses decreases every year due to rigorous san-
itary regimen in dialysis facilities, and full implementation of
hepatitis B vaccination in dialysis patients and medical staff.
We consider this part of our study as preliminary field research,
although it appears to be the first study on the association
of MCP1-2518 A/G polymorphism with serological markers of
HBV infection in HD patients.
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Supplementary Table 2. Comparison of the distribution of MCP1 rs1024611 polymorphic variants in anti-HBc negative and anti-HBc
positive HD without or with DM.

HD patients anti- HD patients anti-
Genotype HBc negative HBc positive
(frequency) (frequency)

0Odds ratio Two-tailed
(95%Cl)

MAF 139 (0.31) 32 (0.33) 1.097 (0.662-1.791) 0.783 6.0

anti-HBc — antibodies to core antigen of hepatitis B virus; DM — diabetes mellitus, hemodialysis; HD — hemodialysis; MAF — minor allele
frequency. Significant differences are indicated using bold font.

Conclusions

polymorphism is also not associated with response to hepati-
In this study we have demonstrated that MCP1-2518 A/G tis B vaccination characterized by seroconversion to anti-HBs
(rs1024611) polymorphism is not associated with anti-HBs de- >10 U/L. However, the role of MCP1-2518 A/G polymorphism

velopment in response to hepatitis B infection in HD patients, in the HBsAg clearance may be seen from our current stud-
independent of whether they are type 2 diabetics. In our pre- ies, and seems to be worth further investigation, especially in
vious study on HD patients [21], we documented that this immunocompromised patients.
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Supplementary Table 3. Comparison of the distribution of MCP1 rs1024611 polymorphic variants in anti-HBs-positive HD due to
vaccination or infection

Anti-HBs positive Anti-HBs positive
HD patients due HD patients Odds ratio Two-tailed P
to vaccination  due to infection (95%Cl) genotyping
(frequency) (frequency)

Genotype

AA 284 (0.47) 67 (0.53) Referent - 0.693 0.143

AA 201 (0.47) 50 (0.56) Referent = 0.505 0.073

AA 83 (0.47) 17 (0.46) Referent = 0.789 0.949
e 6 04 16 04  lomEasiog oo s
R l6 009 4 1) 1210244460 osel 2
neres 2 05 20 059 i3 10 as
o 108 ©3) 2 0%  ioeoo-isss)  osso s

anti-HBs — antibodies to surface antigen of hepatitis B virus; DM — diabetes mellitus; MAF — minor allele frequency.
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Supplementary Table 4. Comparison of the distribution of MCP1 rs1024611 polymorphic variants in anti-HBs-negative hemodialysis
(HD) patients despite vaccination or infection.

Anti-HBs
negative HD
Genotype patients despite
vaccination
(frequency)

Anti-HBs negative
HD patients 0Odds ratio Two-tailed p
despite infection (95%CI1) genotyping
(frequency)

AA 65 (0.42) 20 (0.47) Referent = 0.845 0.786

AA 44 (0.42) 16 (0.50) Referent = 0.680 0.511

AA 21 (0.45) 4 (0.36) Referent = 0.757 0.839
e 2 04 6 05 1so0oess) o2 56
R s 010 1009  losoEos43) 1o 19
s % 05) 7 069 143030774 ose 63
e 503 8 0% Le109smMy o a4s

anti-HBs — antibodies to surface antigen of hepatitis B virus; DM — diabetes mellitus; MAF — minor allele frequency.
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Supplementary Table 5. Comparison of the distribution of MCPI rs1024611 polymorphic variants between HD patients with
isolated anti-HBc positivity and HD patients with HBV resolution.

HD patients anti-
HBc positive/
HBsAg negative/
anti-HBs positive

HD patients with
isolated anti-
HBc positivity

(frequency)

0Odds ratio Two-tailed Power

Genotype (95%C1) P Paenotyping (%)

HD (frequency)

All HD patients

AA 16 (0.57) 66 (0.52) Referent = 0.427 0.586
a6 11 (039) 48 (038 105804172765 1000 38
6 1 004 12 (010) 2909037313200 o050 26
AGHGG 12 (043) 60 (048)  1212(0492-305)  oso7 54
Cmar 13 023 72 029  1323(0650-2844) 055 101

anti-HBc — antibodies to core antigen of hepatitis B virus; HBV — hepatitis B virus; HD — hemodialysis.

Supplementary Table 6. Distribution of main demographic and clinical data in the entire group of anti-HBc positive hemodialysis
patients selected according to genotypes of MCP1 rs1024611.

Parameter AA AG GG P value between all
n=87 n=66 n=17 groups
Male gender (n,%) 53 (60.9) 34 (51.5) 12 (70.6) 0.290°
CAgeleas)  6lLisla7 6274143 6l4zles o979
Dibetic nephropathy (n%) 2 @an 2 @33 5 04 0462
Chronic gomerulonephitis (%) 16 (189 2 18y 4@ 00172
Hypertensive nephropathy (n%) 18 07) g 21) o 0o 006
 Chronic tubulointerstitial nephritis (n%) 5 57 5 (76 3 a78) 031
Polycystic kidney disease (%) - 4 @e 4 6 o 0o 076
RRTvintage Gear) 25(005-251)  36(005-263)  23(014-248 os12¢
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 0.028+
HBsAg positive/anti-HBs negative (n,%) 4 (46) 7 (10.6) 4 (23.5) ::“//ss ég ’;:g:ﬁiiz
AG vs. GG p=0.317¢
HBsAg negative/anti-HBs positive (n,%) 66 (75.9) 48 (72.7) 12 (70.6) 0.8442
isolated anti-HBc positivity (0%) 16 (184 noen R 04722
 HBsAg positive/anti-HBs positive (%) 1oy o 0o o ©o 10000
atom 176-50) 15(-195) 190995 0266t
CasTOM) 6670 190-15) 18(0-6) os71e
erom 25 (4-498) 27 (-211) 3(0-147) o757

ALT - alanine aminotransferase; anti-HBc — antibodies to core antigen of hepatitis B virus; anti-HBs — antibodies to surface antigen
of hepatitis B virus; AST — aspartate aminotransferase; GGT — gamma-glutamyltranspeptidase; HBsAg — surface antigen of hepatitis B
virus; RRT — renal replacement therapy. Statistical tests: a — Chi square; b — ANOVA; ¢ — Fisher Freeman Halton; d — Kruskal-Wallis;

e — Yates corrected Chi-square. Significant differences are indicated using bold font.
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Supplementary Table 7. Comparison of the distribution of MCP1 rs1024611 polymorphic variants in all anti-HBc positive HD pa-
tients as well as in non-DM and DM patients to respective genotype frequencies in controls.

HD patients Controls 0dds ratio Two-tailed
(frequency) (frequency) (95%CI)

AA 87 (0.51) 225 (0.51) Referent = 0.693 0.721
A6 66 (039 177 (041)  0964(0650-1428) 0927 48
w 17 (010 35 (008) 1256 (06252443 0578 01
AGGG 83 (049) 212 (049 1013 (0699-1466) 1000 47
e 100 (029 247 (028) 1058 (0793-1405 o740 65

HD cases without

AA 66 (0.54) 225 (0.51) Referent = 0.905 0.613

AA 21 (0.44) 225 (0.51) Referent = 0.297 0.573
A6 2 (046) 177 (041) 133206742639 o463 120
@ 5 010 35 (008) 153104234539 o579 17
AGG6 27 (056) 212 (049 136507182621 o387 170
e 32 033 247 (028 126907822025 0355 171

anti-HBc — antibodies to core antigen of hepatitis B virus; DM — diabetes mellitus, hemodialysis; HD — hemodialysis; MAF — minor allele
frequency.
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