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ABSTRACT

INTRODUCTION  Monocyte chemoattractant protein 1 (MCP-1) is involved in the pathogenesis of renal
diseases, diabetes, and hepatitis B virus (HBV) clearance.

0BJECTIVES The aim of the study was to evaluate the distribution of MCP7-2518 A/G (rs1024611)
polymorphic variants in patients on hemodialysis (HD) with respect to their responsiveness to hepatitis
B vaccination.

PATIENTS AND METHODS Patients on HD, never infected with HBV, were enrolled into the study after
receiving an appropriate hepatitis B vaccine. The HD group consisted of 601 individuals who responded
to vaccination with anti-HBs titer exceeding 10 IU/I considered as protective and 153 nonresponders,
in whom no adequate response was observed (anti-HBs, <10 1U/l). There were 175 diabetic patients
among responders and 47 diabetic patients among nonresponders. Healthy subjects served as controls
(n = 437). MCP1 genotyping was determined by polymerase chain reaction—restriction fragment length
polymorphism.

RESULTS  The distribution of MCP17 rs1024611 polymorphic variants in controls was as follows: AA, 51%;
AG, 41%; GG, 8%. There were no significant differences (P >0.05) in MCP1 distribution between the
study groups and controls, independently of the occurrence of diabetes and responsiveness to hepatitis
B vaccination. HD groups that were identified based on diabetic status and responsiveness to hepatitis
B vaccination did not differ in MICP1 distribution.

concLusions  MCP1-2518 A/G polymorphism is not associated with responsiveness to hepatitis B
vaccination in patients on HD, independently of whether they have diabetes or not.

INTRODUCTION Monocyte chemoattractant
protein 1 (MCP-1) is a multifunctional cyto-
kine, which has been reported to participate in

the pathogenesis of renal diseases associated with

diabetes, but also not related to this disease.!" Se-
rum levels of MCP-1 increase in renal dysfunction

and are higher in patients on hemodialysis (HD)

than those in a healthy population.*® MCP-1 is

also involved in the outcome of hepatitis B virus

(HBV) infection,®'® which is still frequent in pa-
tients on HD."

-2518 A/G polymorphism in the promoter re-
gion of the MCP1 gene (MCP1 rs1024611), located
in chromosome 17q12, may alter MCP-1 expres-
sion.'?"® The MCP1-2518G allele is associated with
upregulation of both MCP-1 transcript and pro-
tein levels.”'2"* HD subjects with AG+GG geno-
types had higher MCP-1 levels than those with
the AA variant.” In Japanese HD patients, ho-
mozygosity for G at MCP1 (MCPI1-2518G>A) was
proposed as a candidate for the genetic marker
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of carpal tunnel syndrome.' A significant differ-
ence in MCP1-2518 A>G genotype frequencies be-
tween the entire group of HD patients and con-
trols was also demonstrated, because allele G car-
riers occurred in this study significantly more of-
ten in patients with cardiovascular diseases (CVD),
who constituted 63% of the group. There was no
statistically significant difference in the distri-
bution of MCPI genotypes between HD patients
without CVD and healthy controls.” In the study
by Park et al." on Korean subjects, the promoter
polymorphism of MCPI (MCP1-2518G>A) was in-
volved in HBV clearance, which is associated with
the development of antibodies to surface anti-
gen of HBV (anti-HBs): the frequency of homo-
zygotes for the MCP1-2518A allele among chron-
ic HBV carriers was significantly higher than that
among spontaneously recovered subjects. How-
ever, a year later, Cheong et al.'® did not dem-
onstrate an association of MCP1-2518G>A with
the outcome of HBV infection in Korean patients.
As shown in the Multicenter Polish Popula-
tion Health Status Study (WOBASZ), the inci-
dence of diabetes in Poland is 6.8%.'” Diabetes
is the most common cause of end-stage renal
disease (ESRD) in many HD settings.'® The asso-
ciation of the MCP1 polymorphism with diabe-
tes was demonstrated,'®?? and diabetes was also
recognized as a cause of hypo- or nonresponsive-
ness to hepatitis B vaccination in patients on re-
nal replacement therapy (RRT).2* However, in
the available literature, we have not found asso-
ciations between the MCPI polymorphism in di-
abetes and responsiveness to hepatitis B vaccina-
tion in HD patients.
Our aim was to evaluate distribution of MCP1
-2518 A/G (rs1024 611) polymorphic variants
in HD patients with respect to their responsive-
ness to hepatitis B vaccination. The effect of MCP1
-2518 A/G genotypes on response to hepatitis B
vaccination was also investigated in type 2 diabe-
tes as the cause of diabetic nephropathy and ESRD.

PATIENTS AND METHODS Patients and con-
trols  Unrelated HD patients were enrolled into
the study if they 1) were never infected with HBV
as indicated by medical history and results of
HBV seromarkers: both surface antigen of HBV
(HBsAg) and antibodies to core antigen of HBV
(anti-HBc) were negative; 2) underwent full vac-
cination series against HBV that is recommend-
ed for HD patients (4 doses of 40 pg each at0, 1,
2, 6 months) and developed anti-HBs titer con-
sidered as protective (>10 IU/]) in response to
this primary vaccination or additional vaccine
doses; 3) received full vaccination series against
HBV that is recommended for HD patients and
at least 3 additional vaccine doses and did not de-
velop protective anti-HBs titer.

Patients were hepatitis-B vaccinated with re-
combinant DNA yeast-derived vaccines, com-
posed of the S protein of HBsAg (Engerix B, Glaxo-
SmithKline Biologicals, Belgium; Hepavax-Gene,

BIOMED SA, Poland; Euvax B, LG Life Sciences
Ltd., South Korea).

HD patients with carpal tunnel syndrome or
active tuberculosis or both were excluded from
the study. CVD was not the inclusion criterion be-
cause diastolic cardiac dysfunction occurs in 93%
of HD patients and progresses in the course of
HD therapy.?*?® Therefore, near all HD patients
have more or less pronounced cardiac damage.

The entire HD group consisted of 754 patients.
Type 2 diabetes was diagnosed in 222 patients
(29.4%), and diabetes was a cause of diabetic ne-
phropathy and ESRD in all those patients. There
were no patients with type 1 diabetes. There were
601 hepatitis-B-vaccine responders (79.7%) and
153 nonresponders (20.3%). In the nondiabet-
ic group (n = 532), there were 426 responders
(80.1%); in the diabetic group (n = 222), there
were 106 responders (47.7%). A difference in
the prevalence of responders in nondiabetic and
diabetic groups was significant (P <0.0001). Se-
lected demographic and clinical data of the main
groups of HD patients are shown in TABLE 1.

Unrelated blood donors and healthy volun-
teers from the same geographical area served as
controls (n = 437). This control group was also
used in the earlier study for comparison of MCPI

—-2518 A>G (rs1024 611) polymorphic variants in
patients suffering from primary glomerulonephri-
tis and healthy individuals.?

All examined subjects were Caucasians.

Genotyping MCP1rs1024611 genotyping was de-
termined by polymerase chain reaction-restric-
tion fragment length polymorphism as previous-
ly described.?

Statistical methods Descriptive statistics are pre-
sented as percentage for categorical variables,
as mean with 1 standard deviation for normally
distributed continuous variables, or as median
with range for not normally distributed contin-
uous variables. The y? test or Mann-Whitney test
was used for the comparison of data obtained in
selected groups of HD patients, as appropriate.

The Hardy—Weinberg equilibrium (HWE) was
tested to compare the observed genotype frequen-
cies to the expected ones using the y? test with
1 degree of freedom. In all HD responders as well
as in nondiabeitc HD responders, there was a de-
viation from the HWE in the observed MCPI gen-
otype frequencies compared with the expected
ones (Supplementary material online, Table SI).
The Fisher exact test or y* test was used to evalu-
ate differences in genotype and allele prevalence
between the study groups. The odds ratio and
95% confidence interval (95% CI) were also cal-
culated and adjusted for sex, age, duration of RRT,
and chronic glomerulonephritis, as appropriate.
Polymorphisms were tested for association us-
ing the ¥? test for trend (P, ,). Power analysis
was performed by the uncorrected ¥? test avail-
able at an online internet service.?’
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TABLE 1 Selected demographic and clinical data of the main groups of patients on hemodialysis

All HD patients (n = 754)

parameter responders (n = 601) nonresponders (n = 153) P value
men, n (% of all) 360 (59.9) 79 (51.6) 0.0642
age, y 61.7 =15.1 66.9 =14.4 <0.001°
RRT duration, y 2.6 (0.003-26.1) 1.1 (0.03-11.6) <0.001°
causes of end-stage renal disease, n (% of all)

diabetic nephropathy 175 (29.1) 47 (30.7) 0.7662
hypertensive nephropathy 118 (19.6) 29 (19.0) 0.9092
chronic glomerulonephritis 93 (15.5) 9(5.8) 0.0022
chronic tubulointerstitial nephritis 57 (9.5) 19(12.4) 0.2932
polycystic kidney disease 43 (7.2) 5(3.2) 0.0942
3461, 1752¢, 3691¢, 1884¢, or other 115 (19.1) 44 (28.8) 0.0112

responders to hepatitis B vaccination (n = 601)

parameter diabetics (n = 175) nondiabetics (n = 426) P value

men, n (% of all) 103 (58.9) 257 (60.3) 0.7842
age, y 65.8 =12.8 60.0 =15.7 <0.001°
RRT duration, y 2.6 (0.09-18.3) 2.6 (0.003-26.1) 0.064°
causes of end-stage renal disease, n (% of all)

diabetic nephropathy 175 (100) 0(0)

chronic glomerulonephritis - 93(21.8) -
hypertensive nephropathy - 118 (27.7) -
chronic tubulointerstitial nephritis - 57 (13.4) -
polycystic kidney disease - 42 (9.9) -

3461, 1752¢, 3691¢, 1884¢, or other - 116 (27.2) -

nonresponders to hepatitis B vaccination (n = 153)

parameter diabetics (n = 47) nondiabetics (n = 106)

men, n (% of all) 24 (51.1) 55(51.9) 1.000°
age, y 68.2 =13.5 66.3 =14.8 0.442"
RRT duration, y 1.0 (0.09-8.2) 1.2(0.03-11.6) 0.373°
causes of end-stage renal disease, n (% of all)

diabetic nephropathy 47 (100) 0(0)

chronic glomerulonephritis - 9(8.5) -
hypertensive nephropathy - 29 (27.4) -
chronic tubulointerstitial nephritis - 19(17.9) -
polycystic kidney disease - 5(4.7) -
1752¢, 2578¢, 1832¢, 1396¢, or other - 44 (41.5) -

a x’test
b Mann—-Whitney test
¢ renal diagnosis codes for the ERA-EDTA?8

Abbreviations: HD — hemodialysis, RRT — renal replacement therapy

A P value of less than 0.05 was considered sta-
tistically significant. All probabilities were 2-tailed.
Statistical calculations were performed using
GraphPad InStat 3.06, 32-bit for Windows, creat-

approved by the Institutional Review Board of the
Poznan University of Medical Sciences, Poznan,
Poland.
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ed September 5, 2003 (GraphPad Software, Inc.,
La Jolla, California, United States), CytelStudio
Version 9.0, created March 17, 2010 (CytelStudio
Software Corporation, Cambridge, United States),
and Statistica Version 10, 2011 (Stat Soft, Inc.,
Tulsa, Oklahoma, United States).

Ethical issues Informed consent was obtained
from all participants. The research design was

RESULTS HD patients (n = 754), nondiabet-
ic patients (n = 532), and diabetic patients (n =
222) did not differ in MCPI genotype frequen-
cies from controls (Supplementary material on-
line, Table S2). The frequency of distribution of
MCPI polymorphic variants was also nonsignifi-
cant between all diabetic and all nondiabetic sub-
jects (Supplementary material online, Table S3).
The distribution of the main demographic and
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TABLE 2 Distribution of MCP1 rs1024611 polymorphic variants in hemodialysed responders and controls

Controls 2-tailed P P

(frequency)

Genotype Responders 0dds ratio (95% CI)

(frequency)

Pgenutyping

trend

all HD cases vs. controls

n = 601 n = 437
AA 284 (0.47) 225 (0.51) referent - 0.513 0.138 -
AG 279 (0.46) 177 (0.41) 1.249 (0.958-1.629) 0.103 - - 38.7
GG 38(0.07) 35(0.08) 0.860 (0.511-1.453) 0.633 - - 8.4
AG+GG 317 (0.53) 212 (0.49) 1.185(0.919-1.528) 0.199 - - 25.4
MAF 355 (0.29) 247 (0.28) 1.064 (0.874-1.296) 0.561 - - 9.2
n = 426 n = 437
AA 201 (0.47) 225 (0.51) referent - 0.727 0.051 -
AG 203 (0.48) 177 (0.41) 1.284 (0.964-1.710) 0.089 - - 42.6
GG 22 (0.05) 35(0.08) 0.704 (0.380-1.281) 0.280 - - 21.0
AG+GG 225 (0.53) 212 (0.49) 1.188 (0.901-1.566) 0.231 - - 23.8
MAF 247 (0.29) 247 (0.28) 1.036 (0.836-1.284) 0.778 - - 6.0
n=175 n = 437
AA 83(0.47) 225 (0.51) referent - 0.365 0.650 -
AG 76 (0.43) 177 (0.41) 1.164 (0.791-1.710) 0.475 - - 12.4
GG 16 (0.09) 35(0.08) 1.239 (0.606-2.441) 0.618 - - 9.1
AG+GG 92 (0.53) 212 (0.49) 1.176 (0.815-1.698) 0.413 - - 14.6
MAF 108 (0.31) 247 (0.28) 1.133 (0.855-1.496) 0.403 - - 14.2

Abbreviations: Cl — confidence interval, MAF — minor allele frequency, others — see TABLE 1

clinical data in the entire group of HD patients
(n = 754) selected according to the genotypes of
MCP1 rs1024611 did not show statistical differ-
ences (Supplementary material online, Table $4).
Classification of HD patients (all subjects, di-
abetic, nondiabetic) into responders and non-
responders to hepatitis B vaccine did not re-
veal differences in the distribution of the re-
spective genotypes and allele frequencies of
MCP1rs1024611 between all HD groups and con-
trols (TABLES 2 and 3) as well as between all HD
groups (TABLES 4-6). However, a borderline signif-
icance was demonstrated between all HD nonre-
sponders and controls as well as nondiabetic HD
nonresponders and controls (1ABLE 3). To clarify
this trend, the genotype analysis was repeated
with the exclusion of 20 patients in whom causes
or accelerators of ESRD included severe immuno-
compromise diseases (multiple myeloma, 7 cases;
amyloidosis, 4 cases; antineutrophil cytoplasmic
antibodies-related vasculitis, 4 cases; lupus ne-
phritis, 3 cases; renal/urinary tract cancer, 2 cas-
es). To treat those diseases, appropriate medica-
tions including corticosteroids and immunosup-
pressants were used. HD patients who entered the
final analysis (n = 133) did not show any differ-
ences in the distribution of MCP1rs1024611 gen-
otypes, while a small group of severely immuno-
compromised HD patients (n = 20) demonstrat-
ed a borderline difference in MCPI polymorphism
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compared with controls (Supplementary materi-
al online, Table S5).

DISCUSSION In the past decade, the associa-
tion of immune response to hepatitis B vaccina-
tion with genotypes of cytokines, their receptors,
and toll-like receptors (IL1A, ILIRA, IL1B, IL2, IL4,
IL4R, IL6, IL10, IL10RA, IL12A, IL12B, IL13, IL18,
MAPK (JNK1), TLR3, TNF-a) was intensively stud-
ied with different results.?®*? In this study, we fo-
cused on the polymorphic variants of MCP1I.
Distribution of MCP1 -2518 G>A polymor-
phism varies significantly in published reports,
even among healthy subjects’.1-21:26.41-48 (Supple-
mentary material online, Table S6). In uremic mi-
lieu, the immune system is compromised, but se-
verity of its deterioration may differ between HD
patients. An example of this variability is respon-
siveness to hepatitis B vaccination. Up to 20% of
HD patients are nonresponders despite advanced
vaccination strategy.*’ A similar percentage of
nonresponders was shown in our study.
Inflammatory monocytes, recruited by produc-
tion of MCP-1, are necessary for effective immu-
nity after vaccination, but these monocytes may
also generate potent counter-regulatory immune
responses.*® The MCPI -2518 G allele upregu-
lates MCP-1 levels’'213; therefore, nonresponders
could show higher prevalence of the GG geno-
type. Vaccinated HD patients, who are able to pro-
duce anti-HBs, usually have a satisfactory clinical
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TABLE 3  Distribution of MCP1 rs1024611 polymorphic variants in hemodialysed nonresponders and controls

Genotype

all HD cases vs. controls

Nonresponders
(frequency)

Controls
(frequency)

0dds ratio (95% Cl)

2-tailed P

12

trend

Pgenutyping

n =153 n = 437
AA 65 (0.42) 225 (0.51) referent - 0.073 0.158 -
AG 73(0.48) 177 (0.41) 1.428 (0.951-2.145) 0.089 - 43.0
GG 15(0.10) 35(0.08) 1.484 (0.706-2.992) 0.323 - 19.9
AG+GG 88 (0.57) 212 (0.49) 1.437 (0.975-2.122) 0.068 - 41.1
MAF 103 (0.34) 247 (0.28) 1.288 (0.963-1.717) 0.089 - 415
n = 106 n = 437
AA 44 (0.42) 225 (0.51) referent - 0.099 0.182 -
AG 52 (0.49) 177 (0.41) 1.502 (0.937-2.412) 0.093 - - 39.7
GG 10(0.09) 35(0.08) 1.461 (0.599-3.294) 0.444 - - 15.1
AG+GG 62 (0.58) 212 (0.49) 1.495 (0.953-2.358) 0.082 - - 41.6
MAF 72 (0.34) 247 (0.28) 1.305 (0.933-1.816) 0.123 - - 35.6
n =47 n = 437
AA 21 (0.45) 225 (0.51) referent - 0.337 0.630 -
AG 21 (0.45) 177 (0.41) 1.271 (0.638-2.531) 0.562 - - 10.1
GG 5(0.11) 35(0.08) 1.531 (0.423-4.538) 0.579 - - 1.7
AG+GG 26 (0.55) 212 (0.49) 1.314 (0.687-2.536) 0.463 - - 13.4
MAF 31(0.33) 247 (0.28) 1.249 (0.765-2.004) 0.398 - - 15.0

Abbreviations: see TABLES 1 and 2

status, and also their genetic pattern associated

with protective antibody generation may be typ-
ical of the majority of healthy subjects. Not sur-
prisingly, HD patients with maintained respon-
siveness to hepatitis B vaccination did not differ
significantly from controls with respect to the dis-
tribution of MCP1-2518 G>A polymorphic vari-
ants, independently of the cause of ESRD (dia-
betic or nondiabetic). However, nonresponders

had a similar distribution of MCPI polymorphic

variants to healthy subjects, which indicates that

MCP1 polymorphism does not contribute signif-
icantly to the responsiveness to hepatitis B vac-
cination in HD patients, at least in those hav-
ing primary renal diseases or type 2 diabetes as

a cause of ESRD.

In the largest groups (all HD responders and
nondiabetic HD responders), there was a devia-
tion from the HWE in the observed MCPI gen-
otype frequencies compared with the expected
ones. Such a lack of consistency with the HWE
was also shown in the group of HD patients in
the study by Buraczynska et al.” We can explain
the deviation from the HWE by variability in the
causes of ESRD and existence of comorbidities in
both these groups. Associations of MCPI poly-
morphic variants with many pathological con-
ditions have been demonstrated, which are fre-
quently present also in HD patients: CVD’ (in-
cluding coronary artery disease,*® myocardial in-
farction,® and ischemic stroke’) carpal tunnel

syndrome,'* HBV clearance,'® progression of
renal disease in immunoglobulin A nephropa-
thy,*! metabolic syndrome,? and diabetes.'®?? On

the other hand, there have also been stud-
ies that failed to show associations between

MCP1-2518 A/G and coronary artery disease® or
myocardial infarction.®® Recently, it has been

suggested that the -2518 A/G polymorphism

in MCP1 would be a risk factor for tuberculo-
sis. 424555 HD patients in our study had no acute

tuberculosis during the study period, but 4 re-
sponders had tuberculosis in the past. There have

also been reports on associations of MCP1I poly-
morphism with lupus nephritis,* psoriasis,®’ and

hypertension.®® Despite efforts to obtain a rela-
tively homogenous HD group, patients differed in

the causes of ESRD, which may result in a devia-
tion of their genotypes from the HWE, especial-
ly that a consistency with the HWE was shown

for MCP1 polymorphic variants in healthy con-
trols and diabetic HD group.

Diabetes is the main cause of ESRD requir-
ing RRT. In the Hemodialysis (HEMO) Study,
the group of HD patients comprised approxi-
mately 45% of diabetic subjects.'® In our previous
study, among HD nonresponders to hepatitis B
vaccination, the number of diabetic subjects was
higher by over 12% compared with the group of
responders.?® The current study showed that re-
sponsiveness to hepatitis B vaccination in the di-
abetic group was lower by 32.4% than that in
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TABLE 4  Distribution of MCP1 rs1024611 polymorphic variants in hemodialyed nonresponders and responders

Genotype Nonresponders ~ Responders 0dds ratio (95% CI) 2-tailed P Prend P enotyping
(frequency) (frequency)
all HD cases
n =153 n = 601
AA 65 (0.42) 284 (0.47) referent - 0.139 0.253 -
AG 73 (0.48) 279 (0.46) 1.143 (0.774-1.690) 0.543 - - 10.8
1.167 (0.791-1.722) 0.4352
GG 15(0.10) 38(0.07) 1.725 (0.828-3.437) 0.151 - - 57.7
1.289 (0.903-1.838) 0.160°
AG+GG 88 (0.57) 317 (0.53) 1.213 (0.835-1.767) 0.334 - - 17.4
1.223 (0.842-1.777) 0.290°
MAF 103 (0.34) 355 (0.29) 1.211 (0.916-1.593) 0.184 - - 27.9
n =106 n = 426
AA 44 (0.42) 201 (0.47) referent - 0.127 0.202
AG 52 (0.49) 203 (0.48) 1.170 (0.731-1.878) 0.564 - - 9.0
1.238 (0.775-1.977) 0.370°
GG 10(0.09) 22 (0.05) 2.076 (0.815-4.953) 0.131 - - 39.0
1.475 (0.943-2.306) 0.087:
AG+GG 62 (0.58) 225 (0.53) 1.259 (0.801-1.988) 0.347 - - 16.8
1.321 (0.842-2.071) 0.2242
MAF 72 (0.34) 247 (0.29) 1.260 (0.900-1.753) 0.185 - - 28.2
n =47 n=175
AA 21(0.45) 83(0.47) referent - 0.691 0.923
AG 21(0.45) 76 (0.43) 1.092 (0.522-2.285) 0.935 - - 4.3
1.001 (0.492-2.057) 0.986°
GG 5(0.11) 16 (0.09) 1.235 (0.317-4.073) 0.907 - - 5.8
1.154 (0.614-2.172) 0.6522
AG+GG 26 (0.55) 92 (0.53) 1.117 (0.557-2.258) 0.866 - - 5.7
1.002 (0.525-1.913) 0.9952
MAF 31(0.33) 108 (0.31) 1.103 (0.653-1.834) 0.782 - - 6.3

a adjusted for sex, age, duration of renal replacement therapy, and chronic glomerulonephritis

Abbreviations: see TABLE 2

TABLE 5 Distribution of MCP1 rs1024611 polymorphic variants in hemodialysis responders with or without diabetes

Genotype HD cases with  HD cases 0Odds ratio (95% CI) 2-tailed P P i NIAY
diabetes without
(frequency), diabetes
n=175 (frequency),
n = 426
AA 83(0.47) 201 (0.47) referent - 0.493 0.167
AG 76 (0.43) 203 (0.48) 0.907 (0.617-1.331) 0.668 - - 7.9
0.893 (0.611-1.307) 0.5612
GG 16 (0.09) 22 (0.05) 1.761 (0.819-3.707) 0.157 - - 333
1.358 (0.947-1.947) 0.0952
AG+GG 92 (0.53) 225 (0.53) 0.990 (0.685-1.431) 1.000 - - 4.8
0.977 (0.680-1.404) 0.900°
MAF 108 (0.31) 247 (0.29) 1.093 (0.825-1.444) 0.564 - - 9.4

a adjusted for sex, age, and duration of renal replacement therapy

Abbreviations: see TABLE 2
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TABLE 6 Distribution of MCP1 rs1024611 polymorphic variants in hemodialysed nonresponders with or without diabetes

Genotype HD cases with HD cases 0dds ratio (95% Cl) 2-tailed P2 Pgem]lyping Power, %
diabetes without
(frequency), diabetes
n=417 (frequency),
n =106
AA 21 (0.45) 44 (0.42) referent - 0.862 0.880
AG 21 (0.45) 52 (0.49) 0.874 (0.414-1.844) 0.7222 - - 6.3
GG 5(0.11) 10 (0.09) 1.203 (0.631-2.294) 0.5682 - - 3.6
AG+GG 26 (0.55) 62 (0.58) 0.902 (0.442-1.838) 0.7752 - - 5.1
MAF 31(0.33) 72 (0.34) 0.957 (0.550-1.647) 0.975 - - 4.6

a adjusted for sex, age, and duration of renal replacement therapy

Abbreviations: see TABLE 2
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the nondiabetic group. However, the observed
difference in responsiveness was not related to
the MCPI -2518 G>A polymorphism.

We conclude that MCP1-2518 A/G (¥rs1024611)
polymorphism is not associated with respon-
siveness to hepatitis B vaccination in HD pa-
tients, independently of whether they have di-
abetic nephropathy or primary renal disease as
a cause of ESRD. Therefore, determination of the
MCP1-2518 G>A polymorphism to explain non-
responsiveness to hepatitis B vaccination in HD
patients seems not to be useful in clinical practice.
Lack of significance of the MCP1-2518 G>A poly-
morphism in response to hepatitis B vaccination
does not preclude its association with the devel-
opment of anti-HBs in response to HBV infection.
The involvement of the MCPI -2518 G>A poly-
morphism in the outcome of HBV infection still
remains controversial,'>'® and the issue requires
further studies.
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SUPPLEMENTARY DATA

TABLE S1 Distribution of MCP1 rs1024611 genotypes in hemodialysis patients depending on the Hardy—\Weinberg equilibrium

MCP1 rs1024611 All HD cases HD cases without diabetes HD cases with diabetes
genotype frequencies  pseryed expected observed expected observed expected

responders to hepatitis B vaccine (n = 601)

AA 284 (0.47) 298 (0.50) 201 (0.47) 215 (0.50) 83(0.47) 84 (0.48)
AG 279 (0.46) 250 (0.41) 203 (0.48) 175 (0.41) 76 (0.43) 75 (0.43)
GG 38(0.07) 52(0.09) 22 (0.05) 36 (0.09) 16 (0.09) 17 (0.09)
P value? 0.005 0.001 0.814

nonresponders to hepatitis B vaccine (n = 153)

AA 65 (0.42) 67 (0.44) 44 (0.42) 46 (0.44) 21(0.45) 21 (0.45)
AG 73(0.48) 68 (0.45) 52 (0.49) 48 (0.45) 21 (0.45) 21 (0.44)
GG 15 (0.10) 17 (0.11) 10 (0.09) 12 (0.11) 5(0.11) 5(0.11)
P value? 0.398 0.335 0.941

a for deviation from the Hardy—\Weinberg equilibrium

Abbreviations: HD — hemodialysis

TABLE S2 Distribution of MCP1 rs1024611 polymorphic variants in hemodialysis patients, diabetic hemodialysis patients, and nondiabetic
hemodialysis patients compared with respective genotype frequencies in controls

Genotype HD patients Controls 0dds ratio (95% CI) 2-tailed P
(frequency) (frequency)

Power, %

Pgenotyping

all HD cases vs. controls

n = 754 n = 437
AA 349 (0.46) 225 (0.51) referent - 0.260 0.117 -
AG 352 (0.47) 177 (0.41) 1.282 (0.995-1.653) 0.055 - - 52.9
GG 53 (0.07) 35(0.08) 0.976 (0.603-1.595) 1.000 - - 4.8
AG+GG 405 (0.54) 212 (0.49) 1.232 (0.96561.570) 0.096 - - 40.0
MAF 458 (0.30) 247 (0.28) 1.107 (0.918-1.337) 0.298 - - 18.4
n =532 n = 437
AA 245 (0.46) 225 (0.51) referent - 0.388 0.055 -
AG 255 (0.48) 177 (0.41) 1.323 (1.008-1.738) 0.043 - - 56.3
GG 32 (0.06) 35(0.08) 0.840 (0.486-1.448) 0.590 - - 13.8
AG+GG 287 (0.54) 212 (0.49) 1.243 (0.957-1.615) 0.105 - - 375
MAF 319(0.30) 247 (0.28) 1.087 (0.888-1.331) 0.436 - - 12.6
n =222 n = 437
AA 104 (0.47) 225 (0.51) referent - 0.250 0.507 -
AG 97 (0.44) 177 (0.41) 1.186 (0.832-1.689) 0.370 - - 16.8
GG 21 (0.09) 35(0.08) 1.298 (0.682-2.421) 0.470 - - 19.7
AG+GG 118 (0.53) 212 (0.49) 1.204 (0.860-1.687) 0.297 - - 19.8
MAF 139(0.31) 247 (0.28) 1.157 (0.894-1.494) 0.278 - - 20.9

Abbreviations: Cl — confidence interval, MAF — minor allele frequency, others — see TABLE $1
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TABLE S3 Distribution of MCP1 rs1024611 polymorphic variants in hemodialysis patients with or without diabetes

Genotype HD cases with  HD cases 0Odds ratio (95% Cl) 2-tailed P . Power, %
diabetes without
(frequency), diabetes
n =222 (frequency),
n = 532
AA 104 (0.47) 245 (0.46) referent - 0.290 0.195 -
AG 0.896 (0.637-1.260) 0.567
97 (0.44 255 (0.48 - - 8.6
(0.4 (0.48) 0.903 (0.646-1.263) 0.552°
GG 1.546 (0.806-2.911) 0.203
21 (0. 2(0.06 - - 12.1
(0.09) 32{0.06) 1.269 (0.933-1.727) 0.127:
AG+GG 0.968 (0.699-1.343) 0.904
118 (0.53 287 (0.54 - - 4.8
(0:53) (0.5 0.973 (0.707-1.339) 0.865°
MAF 139(0.31) 319 (0.30) 1.064 (0.830-1.361) 0.652 - - 1.6

a adjusted for sex, age, and duration of renal replacement therapy

Abbreviations: see TABLES s1 and s2

TABLE S4 Demographic and clinical data in hemodialysis patients (n = 754) divided according to the genotypes
of MCP1 rs1024611

Parameter AA, n = 349 AG, n = 352 P value between all groups
male sex, n (%) 217 (62.2) 197 (56.0) 25 (47.2) 0.059°
age, y 64 (17.4-93.1) 64.8 (17-91.7) 61.7 (17.9-87) 0.911°
diabetic nephropathy, n (%) 104 (29.9) 97 (27.6) 21 (39.6) 0.200°
chronic glomerulonephritis, n (%) 49 (14.1) 45 (12.8) 8(15.1) 0.8392
hypertensive nephropathy, n (%) 67 (19.2) 69 (19.7) 11(20.7) 0.965°
chronic tubulointerstitial nephritis, n (%) 37(10.6) 31(8.8) 8(15.1) 0.330°
polycystic kidney disease, n (%) 23 (6.6) 22 (6.2) 3(5.7) 0.960°
RRT vintage, y 2.1(0.05-19.1) 2.3 (0.003-26.1) 1.8 (0.04-22.7) 0.776°
a x’test

b Kruskal-Wallis test

Abbreviations: RRT — renal replacement therapy

TABLE S5 Distribution of MCP1 rs1024611 polymorphic variants in hemodialysis nonresponders without or with severe immunocompromise
diseases compared with controls

Genotype Nonresponders Controls (frequency)  Odds ratio (95% Cl) 2-tailed P
(frequency)

Power, %

Pgenotyping

HD nonresponders without severe immunocompromise diseases vs. controls

n=133 n = 437
AA 59 (0.44) 225 (0.51) referent - 0.130 0.315 -
AG 60 (0.45) 177 (0.41) 1.293 (0.840-1.989) 0.261 - - 245
GG 14 (0.11) 35(0.08) 1.525 (0.709-3.134) 0.303 - - 34.3
AG+GG 74 (0.56) 212 (0.49) 1.331 (0.885-2.007) 0.180 - - 29.4
MAF 88(0.33) 247 (0.28) 1.255 (0.922-1.700) 0.153 - - 31.4
n=20 n = 437
AA 6(0.30) 225 (0.51) referent - 0.203 0.094 -
AG 13 (0.65) 177 (0.41) 2.754 (0.951-8.999) 0.064 - - 53.6
GG 1(0.05) 35(0.08) 1.071 (0.023-9.246) 1.000 - - 3.63
AG+GG 14 (0.70) 212 (0.49) 2.476 (0.873-7.997)  0.097 - - 43.4
MAF 15(0.38) 247 (0.28) 1.523 (0.733-3.061) 0.279 - - 22.5

Abbreviations: see TABLES 1 and 2
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TABLE S6 Comparison of MCP1 -2518 A>G polymorphism between the healthy population of different countries and ethnicity and our controls

Studies in controls Country Ethnicity MCPT -2518 A>G rs1024611 P
AG GG
Mostowska et al.' Poland Caucasian 225 (0.51) 177 (0.41) 35 (0.08) referent
(Wielkopolska)
Ben-Selma et al.? Tunisia African 93(0.62) 49 (0.33) 8(0.05) 0.029
Buraczyniska et al.’ Poland (Lubelskie) Caucasian 209 (0.64) 101 (0.31) 15 (0.05) 0.0004
Flex et al.* Italy Caucasian 124 (0.56) 87(0.39) 12 (0.05) 0.211
Flores-Villanueva et al.>  Korea Asian 66 (0.41) 74 (0.46) 22 (0.13) 0.007
Karadeniz et al.t Turkey Caucasian 49 (0.47) 44 (0.42) 12 (0.11) 0.274
Maller et al.” South Africa South African colored 270 (0.56) 173 (0.36) 38 (0.08) 0.277
Simeoni et al.8 Germany Caucasian 1335 (0.52) 1043 (0.41) 190 (0.07) 0.742
Szalai et al.? Hungary Caucasian 186 (0.58) 115 (0.36) 19 (0.06) 0.060
Xu et al.’ China Asian 41 (0.41) 45 (0.45) 14 (0.14) 0.026
Yang et al." United Kingdom Caucasian 36 (0.35) 60 (0.58) 8(0.07) 0.019
REFERENCES

1 Mostowska M, Lianeri M, Oko A, et al. No association of monocyte
chemoattractant protein-1 22518 A/G polymorphism with the risk of pri-
mary glomerulonephritis in the Polish population. Mol Biol Rep. 2012; 39:
5933-5941.

2 Ben-Selma W, Harizi H, Boukadida J. MCP-1-2518 A/G functional poly-
morphism is associated with increased susceptibility to active pulmonary
tuberculosis in Tunisian patients. Mol Biol Rep. 2011; 38: 5413-5419.
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gia. 2004; 47: 1574-1580.
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STRESZCZENIE

WPROWADZENIE Biatko chemotaktyczne dla monocytéw 1 (MCP-1) uczestniczy w patogenezie choréb
nerek, cukrzycy, a takze zakazenia wirusem zapalenia watroby typu B (hepatitis B virus — HBV).

CELE  Celem badania byta ocena dystrybucji wariantéw polimorficznych MCP1 —-2518 A/G (rs1024611)
u chorych poddawanych hemodializie (HD) w odniesieniu do stwierdzonej u nich odpowiedzi na szczepienie
przeciwko wirusowemu zapaleniu watroby typu B.

PACJENCI | METODY Chorzy leczeni HD, nigdy niezakazeni HBV, zostali zakwalifikowani do badania
po przeprowadzeniu odpowiedniego szczepienia przeciwko wirusowemu zapaleniu watroby typu B. Grupa
leczonych HD sktadata sig z 601 osdb, ktére odpowiedziaty na szczepienie wytworzeniem miana anty-HBs
>10 IU/l uwazanego za ochronne, i 153 0séb, u ktérych nie wystapita adekwatna odpowied? poszczepienna
(anti-HBs <10 1U/1). Wéréd chorych, ktérzy odpowiedzieli na szczepienie, byto 175 chorych na cukrzyce,
a wsérdd chorych z brakiem adekwatnej odpowiedzi poszczepiennej — 47 chorych na cukrzyce. Osoby
zdrowe stanowily grupe kontrolng (n = 437). Genotypowanie MCP7 wykonano przy uzyciu tancuchowe;
reakcji polimerazy—polimorfizmu dtugo$ci fragmentéw restrykcyjnych.

WYNIKI  Czesto$ci wystepowania wariantéw polimorficznych MCP1 rs1024611 w grupie kontrolnej byty
nastepujace: 51% AA, 41% AG, 8% GG. Nie wykazano istotnych réznic (p >0,05) w dystrybucji genotypéw
MCP1 miedzy zadng z badanych grup leczonych HD a kontrolng, niezaleznie od wystepowania cukrzycy
i odpowiedzi na szczepienie. Grupy leczone HD wyodrebnione na podstawie wystepowania cukrzycy lub
rodzaju odpowiedzi na szczepienie nie réznity sie pod wzgledem dystrybucji genotypéw MCP1.
wnioskl U chorych leczonych HD polimorfizm MCP1 —2518 A/G nie jest powigzany z odpowiedzig
na szczepienie przeciwko zakazeniu HBV, niezaleznie od wystepowania cukrzycy lub nie.
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