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ABSTRACT

INTRODUCTION  There are scarce data on the associations between vitamin D-binding protein gene (GC)
polymorphisms and manifestations of chronic kidney disease.

0BJECTIVES We evaluated the frequency distribution of GC polymorphic variants in hemodialysis (HD)
patients and healthy subjects as well as the differences in the prevalence of coronary artery disease
(CAD) and myocardial infarction (MI) and selected clinical and laboratory indices of secondary hyper-
parathyroidism in HD patients (women and men) with different GC polymorphic variants.

PATIENTS AND METHODS HD patients (n = 1056; 625 men) and healthy controls (n = 313; 150 men)
were enrolled into the study. The tested GC polymorphisms included rs2298849, rs7041, and rs1155563.
We analyzed clinical data (prevalence of CAD and MI; treatment with parathyroidectomy or cinacalcet)
and laboratory results (serum calcium, phosphorus, alkaline phosphatase, parathyroid hormone, and
25-hydroxy vitamin D [25(0H)D) in relation to the gene polymorphisms.

REsuLTs There were no differences between the study groups themselves and between the study
groups and controls in terms of the frequency distribution of GC polymorphisms (P, , <0.05). Lower
plasma 25(0H)D levels were shown in subjects with the rs7041 TT genotype compared with those with
the GG genotype (12.7, 5.7-20.9 ng/ml vs. 15.9, 8.0-50.0 ng/ml, P = 0.02). Women with the rs7041
TT genotype compared with those with the GG genotype showed higher serum phosphorus levels (5.58,
3.40-8.97 mgy/dl vs. 5.03, 1.75-9.33 mg/dl, P = 0.007).

concLusions  HD patients do not differ in the distribution of GC polymorphisms rs2298849, rs7041,
and rs1155563 from healthy subjects. In HD patients, the GC polymorphism is associated with plasma
25(0H)D levels. Sex-related factors may be important in the expression of associations between GC
polymorphic variants and mineral disorders.

INTRODUCTION  25-hydroxy-vitamin D [25(OH)D]
is a widely accepted biomarker of the vitamin D
status, also in end-stage renal disease (ESRD).' Pa-
tients with ESRD, including those on hemodialysis
(HD), usually have low plasma vitamin D levels.?3

MI," while mineral bone disorders, including sec-
ondary hyperparathyroidism (HPT), were reported
as more severe in uremic women than in men.'?"
Sex-specific effects of vitamin D were also dem-
onstrated in mice."

Vitamin D deficiency is epidemiologically linked to
life-threatening diseases such as myocardial infarc-
tion (MI),*® cerebral stroke,” and bone fractures,’
the prevalence of which is related to sex.*10 In di-
alysis patients, the above conditions are more fre-
quent than in the general population. Male sex was
shown to be associated with a higher frequency of

Decreased plasma 25(OH)D levels may be
caused by insufficient levels of circulating vita-
min D-binding protein (DBP), which has a spec-
trum of biological activities (actin scavenging,
fatty acid transport, macrophage activation, and
chemotaxis) and transports vitamin D to its re-
ceptors in target tissues.'® Lower baseline plasma
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DBP levels have been recently related to mortali-
ty in HD patients."’

DBP is encoded by a group-specific compo-
nent gene (GC) located on chromosome 4q13.3.
In sparse data on the GC polymorphism in dialysis
patients, median serum DBP concentrations were
the lowest in HD patients with both rs7041 TT
and rs4588 AA genotypes,'® and the GC polymor-
phism was not associated with response to hep-
atitis B vaccination'® or end-stage type 2 diabet-
ic nephropathy.?

Gene expression may be mediated by sex. Pre-
vious papers have reported a sex-specific associa-
tion of vitamin D receptor (VDR) polymorphism
combinations with type 1 diabetes?' and growth
during the first 2 years of life?? in nonuremic sub-
jects, but sex-dependent associations of GC and
features of ESRD have not been investigated.

We evaluated the frequency distribution of GC
polymorphisms in HD patients and healthy sub-
jects and assessed differences in the prevalence
of coronary artery disease (CAD), MI, and select-
ed mineral metabolism disturbances of second-
ary HPT in HD patients with different GC poly-
morphic variants. To our knowledge, this is the
first such analysis. Additionally, HD women and
men were analyzed separately to explore possi-
ble sex-associated phenotype differences in rela-
tion to GC genotypes. Our findings may have a
predictive value for establishing a genetic-relat-
ed risk of developing ESRD-associated comor-
bidities and may help explain the differences in
clinical and laboratory parameters between men
and women on HD.

PATIENTS AND METHODS Patients and con-
trols A total of 1056 patients on HD (625 men)
and 313 healthy controls (150 men) were enrolled
into the study. All individuals were Caucasians
and lived in the Wielkopolska region of Poland.
Healthy individuals (unrelated blood donors and
healthy volunteers) served as controls for the fre-
quency distribution of GC polymorphic variants.

In HD patients, therapeutic efforts aimed to
reach normal serum levels of calcium and phos-
phorus and to maintain serum intact parathyroid
hormone (PTH) levels at a range of approximate-
ly 2 to 9 times the upper normal limit for the as-
say in accordance with the Kidney Disease: Im-
proving Global Outcomes (KDIGO) Work Group
clinical practice guidelines.' Patients with serum
PTH levels exceeding 500 pg/ml received treat-
ment with cinacalcet hydrochloride.”® The number
of patients using cinacalcet was limited by lack of
reimbursement from the National Health Fund
(Narodowy Fundusz Zdrowia). In HD patients
with severe secondary HPT who failed to respond
to pharmacological treatment (PTH levels exceed-
ing 1000 pg/ml in repeated evaluations, suspicion
of parathyroid gland adenoma on 99mTc-MIBI
scintigraphy), parathyroidectomy (PTX) was per-
formed if possible (no clinical contraindications,
written informed consent obtained).

Single nucleotide polymorphism selection and geno-
typing Genomic DNA for a genotype analysis
was isolated from peripheral blood lymphocytes
by a salt-out extraction procedure. Single nucle-
otide polymorphisms (SNPs) in the GC gene were
identified from the HapMap Genome Browser
(http://hapmap. ncbi.nlm.nih.gov/), the NCBI
dbSNP database (http://www.ncbi.nlm.nih.gov/
projects/SNP/), and related literature. The final
set of 3 SNPs was selected based on a minor al-
lele frequency over 15% in the Caucasian popu-
lation and GC gene-linkage disequilibrium (LD)
patterns. The loci selected for this study finally
included GC rs2298849, rs7041, and rs1155563.
Their characteristics are presented in Supplemen-
tary material online, Table S1. The LD pattern and
structure of haplotype blocks across the GC gene
were determined using genotype data from the
HapMap database and the Haploview 4.0 software
package (http://www.broad.mit.edu/mpg/haplo-
view/). The plot of the pairwise LD between SNPs
(r? and D’ values) in the GC gene is presented in
Supplementary material online, Figure S1.

The genotyping of the rs7041 polymorphism
was conducted by polymerase chain reaction
(PCR), followed by digestion of the amplified
products with the Haelll (GG/CC) restriction en-
zyme (PCR-RFLP) and 2% agarose gel electropho-
resis. The rs7041 T allele remained uncut (493bp),
whereas the rs7041 G allele was cleaved by Haelll
into 414bp and 79bp fragments. The genotyping
of rs1155563 and rs2298849 nucleotide variants
was conducted by high-resolution melting curve
analysis (HRM) on the Bio-Rad CFX96 Real Time
PCR system (Bio-Rad, Hercules, California, Unit-
ed States). DNA fragments amplified with the use
of specific primers were subjected to HRM with
0.1°Cincrements in the temperature ranging from
71°C to 83°C. Primer sequences and conditions
for PCR-RFLP and HRM analyses are presented in
Supplementary material online, Table S2. For qual-
ity control, the genotyping analysis was blinded
to the subject’s case-control status. In addition,
approximately 10% of the randomly chosen sam-
ples were regenotyped.

Genotyping was performed in all study sub-
jects. Samples with ambiguous results were ex-
cluded from further statistical analyses.

Clinical and laboratory data  Clinical data, obtained
from 955 HD patients (565 men), included the
prevalence of CAD and MI, frequency of PTX, and
frequency of treatment with cinacalcet. CAD was
diagnosed based on a medical history, electrocar-
diograms, exercise stress test, and, in some cases,
on coronary angiography or computed tomogra-
phy. MI was diagnosed based on a medical histo-
ry and evidence showing characteristic electro-
cardiographic abnormalities and elevated lev-
els of cardiac markers of cardiomyocyte damage.

Laboratory parameters included serum con-
centrations of total calcium, phosphorus, and
PTH as well as serum activities of total alkaline
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phosphatase (ALP), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and
y-glutamyltransferase (GGT). They were obtained
from 827 HD patients (477 men). Each laborato-
ry parameter was a mean value of 2 to 4 results
obtained before the study enrollment depending
on HD vintage. In patients who underwent PTX
or were treated with cinacalcet, laboratory data
obtained before those treatments were included
in the analysis. It was not possible to obtain clin-
ical and laboratory data from all patients in some
private dialysis facilities because of their intrin-
sic regulations.

Additionally, plasma 25(OH)D levels were de-
termined in 213 HD patients (120 men) blindly
selected from the group of 827 patients who had
all other laboratory data available. Blood sam-
ples for 25(OH)D were taken in the winter to
avoid differences in sunlight exposure between
patients who used to sunbathe and those who did
not. Plasma 25(OH)D concentrations were mea-
sured in HD patients who had not been treated
with vitamin D or had stopped such a treatment
at least 3 weeks earlier.

Sex distribution was not significantly different
between all HD patients (n = 1056), those who
had all clinical data available (n = 955), those who
had all laboratory data available (n = 827), and
those tested for plasma 25(0OH)D levels (n = 213).

Clinical and laboratory data were compared in
HD patients with different polymorphic variants
of the analyzed genotypes.

Laboratory methods  To examine plasma 25(0OH)D
levels, a chemiluminescent microparticle immu-
noassay was used according to the manufactur-
er’s instructions (Abbot Diagnostic ARCHITECT
25-OH VITAMIN D CMIA®, Mannheim, Germa-
ny). Other laboratory parameters were measured
using standard laboratory assays.

Statistical methods  The results are presented as
percentage for categorical variables, mean with 1
standard deviation for normally distributed con-
tinuous variables, or median (range) for nonnor-
mally distributed continuous variables as tested
by the Shapiro-Wilk test. A P value of less than
0.05 was considered significant.

The Hardy-Weinberg equilibrium (HWE) was
tested to compare the observed genotype fre-
quencies with the expected ones using the y?
test. Distributions of the tested polymorphisms
were consistent with the HWE with the excep-
tion of GC rs1155563 in the entire HD group and
in men. Repeated genotyping in all subjects with
GC rs1155563 confirmed this lack of consisten-
cy (the rate of concordance between both analy-
ses was 99.7%).

The Fisher exact probability test or the y? test
was used to evaluate the differences in genotype
and allele prevalence between the groups. The
odds ratios (ORs) with P values and 95% confi-
dence intervals (CIs) were calculated. Polymor-
phisms were tested for associations using the >

test for trend (P ,). A power analysis was per-
formed using the Fisher exact test.

The whole group of HD patients as well as HD
women and HD men separately were divided ac-
cording to their GC polymorphic variants for
screening for phenotype-genotype associations.
ORs with P values and 95% Cls were calculated
using the contingency table for each tested phe-
notype separately, if it was a dichotomous vari-
able. All probabilities were 2-tailed. For continu-
ous variables, the Mann-Whitney test, t test, or
Cochran-Cox test was used, as appropriate. Three
models (dominant, recessive, and additive) of in-
heritance were applied for each GC polymorphism.
The P values with the Bonferroni correction for
multiple testing were considered significant if a
P value was lower than 0.017 (1 SNP, 3 models, 1
phenotype). Associations shown to be significant
were tested together in selected groups of HD pa-
tients using the Bonferroni-corrected P values.
In this case, a P value of 0.05 was divided by the
product of the number of polymorphisms, num-
ber of basic models, and number of dependent
variables of interest as described by Wypasek et
al.?* Associations that remained significant were
analyzed using a logistic regression to show the
magnitude of the genotype effect in relation to
the 50th percentile of continuous variables. Co-
variates used for an adjustment were age and sex,
where appropriate.

Multiple regression analysis was performed
to determine whether genotypes shown as asso-
ciated with specific phenotypes were also inde-
pendent predictors of those phenotypes among
other variables. The multivariable models includ-
ed clinical characteristics of HD patients, labo-
ratory parameters related to vitamin D and sec-
ondary HPT, and a GC polymorphic variant test-
ed for associations. The number of variables in-
cluded into the model depended on the size of
the sample tested.

Statistical analysis was performed using Graph-
Pad InStat 3.10, 32 bit for Windows, created July
9, 2009 (GraphPad Software, Inc., San Diego, Cal-
ifornia, United States), CytelStudio version 10.0,
created January 16, 2013 (CytelStudio Software
Corporation, Cambridge, Massachusetts, United
States), and Statistica version 10, 2011 (Stat Soft,
Inc., Tulsa, Oklahoma, United States).

A haplotype-based association analysis using
a sliding window approach was performed us-
ing the Haploview 4.2 software. Statistical sig-
nificance was assessed using the 1000-fold per-
mutation test.

Ethical approval The research design was ap-
proved by the Institutional Review Board of the
Poznan University of Medical Sciences, Poland.
Informed consent was obtained from all study
participants.

RESULTS The main clinical and laboratory data
of HD patients are presented in TABLE 1. Men
showed a significantly higher prevalence of CAD
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TABLE 1 Characteristics of women and men treated with intermittent hemodialysis
Parameter Women, n = 431 Men, n = 625 P value
demographic data n =431 n =625
age, y 63.4 =14.8 61.3 =14.8 0.6
RRT duration, y 2.96 (0.05-26.1) 2.46 (0.07-28.0) 0.3
main causes of diabetic nephropathy 126 (29) 176 (28) 0.7°
g?st:ige renal hypertensive nephropathy 72 (17) 119 (19) 0.4b
chronic glomerulonephritis 56 (13) 96 (15) 0.3°
chronic interstitial nephritis 46 (11) 63 (10) 0.8°
clinical data n =390 n = 565
coronary artery disease 128 (33) 229 (41) 0.02°
myocardial infarction 63 (16) 139 (25) 0.002°
PTX 16 (4) 12 (2) 0.08°
cinacalcet treatment 68 (17) 85 (15) 0.3°
PTX and/or cinacalcet treatment 84 (22) 97 (17) 0.09°
laboratory data n = 350 n =477
25(0H)D, ng/ml° 11.8 (4.51-50.0) 15.5 (5.10-30.1) 0.000003#
total calcium, mg/dl 8.94 =0.77 8.84 =0.76 0.0082
phosphorus, mg/dl 5.03 (1.75-11.27)  5.08 (1.95-12.0) 0.9
PTH, ng/I 385(13.7-3,741) 376 (7.3-3,757) 0.9
total ALP, U/I 99.1(25.8-1.684)  92.3 (38.3-977) 0.0032
total ALP (U/l) of patients with ALT, ASP, or GGT <45 U/  98.3 (25.8-1.299)  86.5 (40.5-977) 0.00042

Data are presented as mean =+ standard deviation, median (interquartile range), or number (percentage).

Statistical tests: a Mann—Whitney, b x? ¢ n = 93 for women, n = 120 for men, d n = 237 for women,

n = 299 for men

Conversion factors to S| units are as follows: for 25(OH)D, 1 ng/ml = 2.496 nmol/l; for calcium, 1 mg/dl = 0.25

mmol/l; and for phosphorus, 1 mg/dl = 0.323 mmol/I

Abbreviations: ALP, total alkaline phosphatase; AST, alanine aminotransferase; GGT, y-glutamyltransferase; HD,
hemodialysis; PTH, parathyroid hormone; PTX, parathyroidectomy; RRT, renal replacement therapy

and MI, while women had lower serum 25(OH)D
concentrations and higher serum calcium levels
and ALP activity than men.

The analysis of HapMap CEU data showed that
common (minor allele frequency, >0.2) GC SNPs
resided in 2 distinct LD blocks (Supplementary
material online, Figure SI). Within the LD blocks,
the D’ and r? values ranged from 0.73 to 1.00
and 0.42 to 1.00, respectively. The rs7041 and
rs1155563 variants were in moderate pairwise
LD with other SNPs within the first LD block (av-
erage r> = 0.77 and 0.61, respectively) and were
good proxies (r220.8) for 4 of 12 common vari-
ants. The rs2298849 variant, located within the
second LD block, was in perfect LD (#? = 1) with
the intronic variant, rs1352845 (Supplementary
material online, Figure S1).

Compared with healthy controls, HD patients
did not differ in the frequency distribution of the
tested GC polymorphic variants (TABLE 2). In addi-
tion, no differences were observed between the
groups in relation to sex (Supplementary materi-
al online, Tables S3-5).

The haplotype analysis of GC polymorphisms
did not show any differences in haplotype fre-
quencies between any of the study groups (Sup-
plementary material online, Table S6).

The results of screening for phenotype-gen-
otype associations are presented in Supplemen-
tary material online, Tables S7-S15. In all studied
HD groups, no associations were revealed be-
tween GC polymorphic variants and clinical pa-
rameters (prevalence of CAD and MI; treatment
with PTX or cinacalcet) and the majority of lab-
oratory data (PTH and total calcium concentra-
tions, total ALP activity). The only results suggest-
ing an association with GC polymorphic variants
were those for plasma 25(OH)D concentrations
in the entire HD group and serum phosphorus
levels in HD women.

HD patients showing the GC rs7041 TT geno-
type revealed significantly lower plasma 25(OH)D
concentrations compared with those showing the
GCrs7041 GG genotype (1ABLE 3). HD individuals
with the GCrs7041 TT genotype had an approxi-
mately 2-fold higher risk for plasma 25(OH)D lev-
els below the 50the percentile (13.9 ng/ml) than
HD subjects showing the GC rs7041 GG geno-
type (OR, 0.51; 95% CI, 0.29-0.88; sex- and age-
-adjusted P, 0.014). GC rs7041 GG or TT geno-
types were used in the multiple regression anal-
ysis to investigate their predictive value among
other variables in respect to 25(OH)D concen-
trations. The first model included the basic
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TABLE 2 Comparison of the distribution of vitamin D-binding protein genotypes (GC) in hemodialysis patients and healthy controls

GC HD patients Healthy controls 0Odds ratio (95% Cl) 2-tailed P Pogyung  POWeE (%)
(frequency) (frequency) P

rs2298849 n = 1050 n = 309

T 669 (0.64) 185 (0.60) reference - 0.5 0.2

CT 327 (0.31) 112 (0.36) 0.807 (0.612-1.068) 0.1 333

cC 54 (0.05) 12 (0.04) 1.244 (0.641-2.610) 0.6 73

CT+CC 381 (0.36) 124 (0.40) 0.850 (0.650-1.113) 0.2 22.1

MAF 435 (0.21) 136 (0.22) 0.926 (0.742-1.160) 0.5 10.4

P for HWE 0.243 0.617

rs7041 n = 1001 n=292

GG 341 (0.35) 97 (0.33) reference - 0.8 0.6

GT 485 (0.48) 150 (0.52) 0.920 (0.680-1.241) 0.6 8.0

T 175 (0.17) 45 (0.15) 1.106 (0.732-1.689) 0.7 1.0

GT+TT 660 (0.65) 195 (0.67) 0.963 (0.722-1.279) 0.8 5.3

MAF 835 (0.42) 240 (0.41) 1.026 (0.847-1.243) 0.8 5.4

P for HWE 0.994 0.580

rs1155563 n = 1054 n =311

1T 513 (0.49) 156 (0.50) reference - 0.2 0.2

CT 415 (0.39) 129 (0.42) 0.978 (0.743-1.290) 0.9 5.2

cC 126 (0.12) 26 (0.08) 1.474 (0.920-2.431) 0.1 36.7

CT+CC 541 (0.51) 155 (0.50) 1.061 (0.817-1.378) 0.7 6.8

MAF 667 (0.32) 181(0.29) 1.128 (0.924-1.380) 0.2 12.7

P for HWE 0.014 0.996

Abbreviations: Cl, confidence interval; HWE, Hardy—\Weinberg equilibrium; MAF, minor allele frequency

TABLE 3 Serum 25(0H)D concentrations in all hemodialysis patients in relation to GC rs7041 polymorphic variants

Parameter GC rs7041 Model of inheritance P value
GG, n = 76 GT, n = 96 TT,n =37
25(0H)D, ng/ml 15.9 (8.0-50.0) 13.9 (4.5-28.5) 12.7 (5.7-20.9) GGvs GT + TT: 0.0420
GG+ GTvsTT: 0.05°
GGvsTT: 0.016¢

Data are presented as median (range).

a Mann-Whitney test, b nonsignificant after the Bonferroni correction (P >0.017), ¢ significant after the Bonferroni
correction (P <0.017)

For conversion factors to Sl units, see TABLE 1

12

characteristics of HD patients: age, renal replace-
ment therapy (RRT) vintage, prevalence of the
main causes of renal failure (diabetic nephropa-
thy, hypertensive nephropathy, chronic glomer-
ulonephritis, and chronic tubulointerstitial ne-
phritis); CAD as associated with genetic variants
related to the vitamin D pathway?®; laboratory
parameters related to vitamin D and secondary
HPT: calcium, phosphorus, PTH, total ALP as
well as and GC rs7041 GG genotype (P value for
the model, <0.0001). Significant positive predic-
tors of 25(OH)D concentrations among RRT pa-
tients were serum calcium levels ( = 0.174; P =
0.002) and the GC rs7041 GG genotype ( = 0.247;
P =0.0005), whereas older age (B = -0.225; P =
0.004) and RRT vintage were negative predictors
(B=-0.263; P = 0.001). In the second model, the

GC rs7041 GG genotype was replaced by the GC
rs7041 TT polymorphic variant (P value for the
model, 0.0002). The GC rs7041 TT genotype was
a significant negative predictor of 25(OH)D (B =
-0.150; P = 0.04); other variables yielded similar
significance as in the first model. However, low-
er plasma 25(OH)D concentrations in HD wom-
en compared with men occurred independent-
ly of the rs7041 polymorphic variant (P = 0.008
for the GG group; P = 0.002 for the GT group;
P =0.009 for the TT group; Mann-Whitney test).

When HD patients were divided according to
sex, the only parameter possibly associated with
the GC polymorphism was that of serum phos-
phorus levels in relation to GC rs7041 polymor-
phic variants in HD women. GC rs7041 TT wom-
en compared with GG ones showed higher serum
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TABLE 4  Plasma 25(0H)D concentration and serum phosphorus levels in hemodialysis women in relation to GC

rs7041 polymorphic variants

Parameter GC rs7041 Odds ratio (95% Cl) P value
GG GT 1T
25(0H)D, ng/ml 12.6 (8.0-50.0) 11.8 (4.5-20.3) 11.3 (5.8-15.7) GGvs GT + TT: 0.2z
n=232 n=42 n=17 GG + GTvs TT: 0.06°
GGvsTT: 0.042»
phosphorus, mg/dl 5.0 (1.8-9.3) 4.8 (2.2-11.3) 5.6 (3.4-9.0) GGvs GT + TT: 0.2z
n=113 n =165 n=49 GG + GTvsTT: 0.0082®
GGvsTT: 0.0072¢

Data are presented as median (range).

a Mann-Whitney test, b nonsignificant after the Bonferroni correction (P >0.008), ¢ significant after the Bonferroni

correction (P <0.008)
For conversion factors to Sl units, see TABLE 1

Abbreviations: see TABLE 2

phosphorus levels (Supplementary material online,
Table S8). Women with the GC rs7041 TT geno-
type showed a 1.5-fold higher risk for serum phos-
phorus concentrations over the 50th percentile
(5.07 mg/dl) than HD women with the GCrs7041
GG genotype (OR, 1.55; 95% CI, 1.05-2.31; age-
adjusted P = 0.028). A significant association pre-
viously shown between the GC rs7041 polymor-
phism and plasma 25(OH)D concentrations in
all HD patients (TABLE 3) was not observed either
in men or women (Supplementary material on-
line, Tables S8 and S11), probably owing to a low-
er power after dividing the whole tested group
according to sex. Assuming that this significance
could be observed in larger samples of both sex-
es, 2 phenotypes together [25(OH)D and phos-
phorus] were also tested in women for associa-
tion with GC rs7041. Addition of another pheno-
type did not abolish the significance of an asso-
ciation between GC rs7041 and serum phospho-
rus levels, although the Bonferroni-corrected P
value required to confirm significance had to be
lower (TABLE 4).

Diabetic nephropathy (B, 0.208; P = 0.03), se-
rum PTH levels (B, 0.229; P = 0.02), and the GC
rs7041 TT genotype (B, 0.197; P = 0.04) were pos-
itive predictors, while age was a negative predic-
tor (B, —0.259; P = 0.01) of serum phosphorus lev-
els in HD women. Other predictors used in this
model (P <0.0005) included RRT vintage, hyper-
tensive nephropathy, 25(OH)D, and calcium. The
number of variables used in this model was small-
er because the group was divided into subgroups
according to sex, which reduced the number of
subjects available for the regression analysis.

An association was also suspected between
25(0OH)D and rs1155563, but the level of signif-
icance was not achieved (Supplementary Tables
12 and 15).

DISCUSSION Dialysis patients are at a high-
er risk of CAD and MI compared with healthy
individuals.?® Associations of genetic variants

related to the vitamin D pathway (rs7968585
VDR, rs2239179 VDR, rs1801222 CUBN,
rs12766939 CUBN, and rs703842 CYP27B1) and
MI were identified in individuals with a mean
estimated glomerular filtration rate exceeding
70 ml/min/1.73 m2.%° In our study on patients
with severely impaired renal function diagnosed
as ESRD, there was no association of the exam-
ined GC polymorphisms and CAD/MI occurrence,
independently of whether all HD patients were
analyzed or men and women separately.

Several studies have shown that the GC poly-
morphism may contribute to the variation of se-
rum 25(0OH)D levels.'827-3¢ In a genome-wide as-
sociation study, 3 SNPs in the GC (rs2282679,
rs7041, and rs1155563) were identified as asso-
ciated with 25(OH)D concentrations in the Euro-
pean population. The strongest association was
observed for rs2282679, which is in moderate
LD with rs7041.%? According to genotype data
from HapMap CEU samples, the 72and D’ values
for this pair of SNPs were 0.61 and 1.00, respec-
tively.® In our study, lower 25(OH)D levels were
shown in HD patients with the rs7041 TT gen-
otype compared with carriers of the rs7041 GG
polymorphic variant, and GC rs7041 was predic-
tive for plasma 25(OH)D levels. Therefore, our re-
sults are in line with the earlier findings indicat-
ing that individuals who have 2 T alleles of the
rs7041 missense variant are at risk for vitamin D
deficiency. Additionally, we showed that the as-
sociation of rs7041 with 25(OH)D was also evi-
dent in uremic milieu. A substitution of aspartic
acid to glutamic acid at amino acid position 432
(Asp432Glu) of DBP attributed to the function-
al properties of the GC rs7041 variant located in
exon 11 seems to be an important contributor to
decreased plasma 25(OH)D levels, possible by in-
ducing a lower affinity of 25(OH)D to DBP. HD
women showed lower plasma 25(OH)D concentra-
tions than men. However, the association of the
rs7041 TT genotype with lower plasma 25(0OH)
D levels does not explain lower 25(OH)D levels
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in HD women compared with men because wom-
en showed lower 25(OH)D levels at all 3 rs7041
genotypes.

Similarly to GC rs7041, also GC rs1155563 is
known to be associated with plasma 25(OH)D lev-
els.3? In HD subjects, specifically in men, this as-
sociation had borderline significance. However, in
all HD patients, and separately in men, the distri-
bution of polymorphic variants of GC rs1155563
was not consistent with the HWE. In our previ-
ous study, the nonconsistency of GC rs1155563
polymorphic variants with the HWE was shown
in nonresponders to hepatitis B vaccination, al-
though genotyping was also repeated.' It is not
clear why HD subjects show deviations in this
polymorphism.

Mineral bone disorders, including secondary
HPT, are reported to be more severe in dialysis
women than in men.'?'3 Serum intact PTH con-
centrations do not always allow to assess the pres-
ence or severity of secondary HPT." In our study,
serum PTH levels were similar in women to those
in men even though PTH levels before PTX or
cinacalcet treatment were included in the analy-
sis. On the other hand, PTX and cinacalcet were
used for secondary HPT treatment more often in
women compared with men (however, statistical
significance was borderline). Repeated measure-
ments of total ALP activity are recommended for
HD patients without clinically evident liver dis-
orders to determine the bone turnover status as
indicative of secondary HPT severity." Consider-
ing the possibility of an increasing contribution
of the liver-derived isoenzyme of ALP to its to-
tal activity in the case of increased activities of
other liver enzymes, we additionally analyzed
the serum activity of total ALP with the exclu-
sion of patients with ALT, AST, and GGT activi-
ties exceeding 45 U/L. This analysis confirmed a
higher total ALP activity in women than in men,
which suggests a higher bone turnover related to
secondary HPT in the female group. In patients
undergoing PTX due to secondary HPT, women
had lower preoperative bone mineral density than
men, although no differences in the preoperative
calcium-phosphorus product, ALP, or PTH were
observed."? Significantly higher calcium concen-
trations in HD women could reduce differences
in serum PTH levels compared with HD men, al-
though serum ALP activities indicated more se-
vere secondary HPT in women. We did not ob-
serve any associations between the GC polymor-
phisms and PTH levels or ALP activity. However,
HD women with the rs7041 TT genotype showed
higher serum phosphorus levels compared with
those positive for the rs7041 GG genotype. No
similar observation was made in HD men. It in-
dicates that minor allele T rs7041 homozygosi-
ty in HD women is associated with abnormali-
ties promoting secondary HPT, namely, hyper-
phosphatemia and low plasma levels of 25(OH)
D. Hyperphosphatemia appears to be particularly
important because high phosphorus concentra-
tions can directly stimulate PTH synthesis.*® In

HD patients, hyperphosphatemia contributes di-
rectly to an increase in PTH levels despite normal
or high serum calcium concentrations.*®

The question remains what might be the pos-
sible link between GC rs7041 polymorphic vari-
ants and serum phosphorus concentrations only
in women. In ESRD patients, vitamin D deficien-
cy is frequently seen concomitantly with hyper-
phosphatemia. Although the causes of hyperphos-
phatemia in ESRD are multifactorial, it cannot
be excluded that both low vitamin D levels and
skeletal resistance to PTH action shown in ure-
mic milieu (partially due to low vitamin D)*’ may
contribute to increased phosphorus levels. The de-
velopment of PTH resistance is related to female
sex.’® However, there is no clear explanation how
the phenotypes related to vitamin D itself or vita-
min D pathway genes are mediated by sex. Stud-
ies showing sex-specific association of VDR poly-
morphisms with type 1 diabetes?' or growth dur-
ing the first 2 years of life?? did not provide any
explanation. Experimental studies in mice suggest
that there is synergy between ovarian hormones
and vitamin D.”® We might postulate that high-
er phosphorus levels in HD women with the GC
rs7041 TT genotype, but not men, may be relat-
ed to the effects of ovarian hormones on the ex-
pression of this specific GC polymorphic variant.

Our study has several limitations. First, the
study groups were relatively small, especially
when divided into subgroups according to sex.
It made it difficult to obtain statistical signifi-
cance in comparisons that included the data on
minor allele homozygosity, and when the Bonfer-
roni correction for multiple comparison was used.
On the other hand, the Bonferroni correction?®?
has been criticized, and not all authors use it in
genetic studies, especially when the established
associations are investigated in more detail or
in a more uniform cohort.***' The GCrs7041 TT
genotype has already been associated with low-
er plasma 25(OH) concentrations,”’*® but in HD
subjects, only in combination with the rs4588 AA
genotype.'® The HD group in our study was het-
erogeneous with regards to the causes of ESRD.
However, the development of ESRD substantial-
ly reduces clinical variability between patients re-
lated to underlying kidney damage and exposes
the signs and symptoms related to uremic toxici-
ty. Our recent study has shown that patients with
end-stage type 2 diabetic nephropathy did not dif-
fer in the frequency distribution of GC polymor-
phic variants from controls, patients with oth-
er causes of ESRD as a whole, as well as subjects
with chronic glomerulonephritis, chronic infec-
tive tubulointerstitial nephritis, and hyperten-
sive nephritis, showing glomerular filtration cat-
egory 5 and requiring RRT.?" However, differenc-
es in this respect between other specific causes
of ESRD have not been excluded so far. Second,
the number of selected polymorphisms in our
study was insufficient to fully cover the GC gene.
The analyzed variants were not good or perfect
proxies (r220.8 or 1.00, respectively) for all other
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common GC SNPs. Therefore, some modest sin-
gle SNP and/or haplotype associations may have
been missed. Finally, 25(OH)D levels were not
measured in all subjects for financial constraints.

In summary, HD patients do not differ in the
distribution of GC polymorphisms rs2298849,
rs7041, and rs1155563 from healthy subjects.
HD patients show an association between the
GC rs7041 polymorphism and plasma 25(OH)D
levels. Sex-related factors may be important for
studying associations between GC rs7041 poly-
morphic variants and serum phosphorus concen-
trations. The clinical relevance of these findings,
especially the association between the GCrs7041
polymorphism and sex-related severity of second-
ary HPT, requires further research.

Supplementary material online Supplementary
material online is available with the online ver-
sion of the article at www.pamw.pl.
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STRESZCZENIE

WPROWADZENIE Istniejq tylko nieliczne badania powigzan polimorfizméw genu biatka wigzacego
witaming D (GC) z objawami przewlekiej choroby nerek.

CELE  Oceniono czesto$¢ dystrybucji wariantéw polimorficznych GC u chorych hemodializowanych
(HD) i 0s6b zdrowych, a takze réznice w zapadalno$ci na chorobe wieficowg (coronary artery disease —
CAD) i zawat serca (myocardial infarction — MI) oraz wybranych cech kliniczno-laboratoryjnych wtérne;
nadczynno$ci przytarczyc u chorych HD (kobiet i mezczyzn) wykazujacych rézne warianty polimorficzne GC.
PACJENCI I METODY Do badania witaczono chorych HD (n = 1056, 625 mezczyzn) i osoby zdrowe (n =
313, 150 mezczyzn). Badane polimorfizmy GC obejmowaty rs2298849, rs7041irs1155563. Analizowano
dane kliniczne (zapadalno$¢ na CAD i M, czesto$¢ paratyroidektomii i leczenia cynakalcetem) oraz wyniki
laboratoryjne (stezenie wapnia, fosforu, fosfatazy alkalicznej, parathormonu i 25-hydroksy witaminy D
[25(0H)D]) w odniesieniu do badanych polimorfizmdw.

WyYNIKI  Badane grupy nie réznity sie pod wzgledem czesto$ci dystrybucji polimorfizméw GC ani
migdzy sobg, ani w poréwnaniu z osobami zdrowymi (p, ., <0,05). U oséb z genotypem rs7041 TT
wykazano nizsze stezenia 25(0OH)D niz u oséb, ktére wykazywaty genotyp GG (12,7; 5,7-20,9 ng/ml vs
15,9; 8,0-50,0 ng/ml; p = 0,02). Kobiety posiadajgce genotyp rs7041 TT w poréwnaniu z kobietami
z genotypem GG wykazywaty wyzsze stezenie fosforanéw w surowicy (5,58; 3,40-8,97 mg/dl vs 5,03;
1,75-9,33 mg/dl; p = 0,007).

wnioskl  Pacjenci leczeni hemodializami nie réznig sie pod wzgledem dystrybucji polimorfizméw GC
(rs2298849, rs7041 oraz rs1155563) od osdb zdrowych. U chorych HD wystepuje powigzanie miedzy
polimorfizmem GC i stezeniem 25(0OH)D w osoczu. Czynniki zalezne od pici moga by¢ wazne w ekspresji
powigzan miedzy wariantami polimorficznymi GC a zaburzeniami mineralnymi.
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Supplementary Material Online

CLINICAL ASPECTS OF VITAMIN D-BINDING PROTEIN GENE POLYMORPHISMS IN HEMODIALYSIS PATIENTS

Supplementary Table 1. Characteristics of the analyzed polymorphisms in the gene encoding vitamin D-binding protein (GC)

rs no. Location Alleles SNP function® MAF®
rs7041 chr4:72618334 GIT missense (p.Asp432Glu) 0.42
rs1155563 | chr4:72643488 CIT Intron 0.25
rs2298849 | chr4:72648851 CIT Intron 0.19

a —according to the Single Nucleotide Polymorphism database (dbSNP)
b — calculated from 1000 Genomes project for EUR samples
Abbreviations: MAF — minor allele frequency, SNP — single nucleotide polymorphism



Supplementary Table 2. HRM and RFLP conditions for the identification of the GC polymorphisms

HRM analysis RFLP analysis
Annealing
Primers for PCR amplification temp. PCR product | Melting temp. | Restriction | Restriction fragment
r's no. Alleles (5°-3) (°C) length (bp) range (°C) enzyme length (bp)

rs7041 GIT | F:GGAGGTGAGTTTATGGAACAGC 66.3 493 Haelll T =493

R: GGCATTAAGCTGGTATGAGGTC G=414+79
rs1155563 C/IT F: GGTTATTCTAAGACTGTGCTCTTGC 63.0 116 71-78

R: ATGTGTTCTCACTGTTCGACTCC
rs2298849 C/IT | F. TCCACTGGCAAAACACATTAC 60.6 118 73 -83

R: GGGACATCTGCATTTATCCTG

Abbreviations: HRM - high resolution melt, RFLP — restriction fragment length polymorphism




Supplementary Table 3. Comparison of the distribution of vitamin D-binding protein genotypes (GC) in hemodialysis women and men

2-

0| erny | ey | 0% GG |t | P | P "G
rs2298849 | n = 429 n=621
TT 271 (0.63) 398 (0.64) reference - 0.7 0.9
CT 135(0.32) |192(0.31) | 1.033(0.782-1.363) 0.9 5.3
CC 23 (0.05) 31 (0.05) 1.090 (0.593-1.978) 0.9 5.3
CT+CC 158 (0.37) | 223(0.36) | 1.041 (0.799-1.354) 0.8 5.7
MAF 181 (0.21) | 254 (0.20) | 1.040 (0.834-1.295) 0.8 6.2
Pfor HWE | 0.526 0.464
rs7041 n =401 n =600
GG 134 (0.33) | 207 (0.34) reference - 0.6 0.3
GT 205 (0.51) |280(0.47) | 1.131(0.845-1.516) 0.4 12.7
1T 62 (0.16) 113(0.19) | 0.848 (0.569-1.257) 0.4 12.6
GT+TT 267 (0.67) | 393 (0.66) | 1.050 (0.797-1.384) 0.8 6.0
MAF 329 (0.41) | 506 (0.42) | 0.954 (0.792-1.148) 0.6 7.9
Pfor HWE | 0.527 0.572
rs1155563 | n = 430 n =624
1T 202 (0.47) | 311 (0.50) reference — 0.5 0.6
CT 176 (0.41) | 239(0.38) | 1.134 (0.864-1.488) 0.4 14.3
CC 52 (0.12) 74 (0.12) 1.082 (0.712-1.637) 0.8 6.2
CT+CC 228 (0.35) | 313(0.50) |1.122(0.870-1.445) 0.4 13.9
MAF 280 (0.33) |387(0.31) | 1.074(0.887-1.299) 0.5 11.3
P for HWE | 0.370 0.032

Abbreviations: Cl — confidence interval, HWE — Hardy—Weinberg equilibrium, others — see TABLE 1




Supplementary Table 4. Comparison of the distribution of vitamin D-binding protein genotypes (GC) in hemodialysis women and control healthy

women

cc | HDwomen Sv(())rr];:aonl Odds ratio (95% CI) taizlzad Puend | Poenotyoing | | O VET
(frequency) (frequency) P trend genotyping (%)

rs2298849 | n =429 n=162

TT 271 (0.63) 87 (0.54) reference — 0.1 0.06

CT 135 (0.32) 68 (0.42) 0.637 (0.429-0.949) 0.03° 62.7

CcC 23 (0.05) 7 (0.04) 1.055 (0.420-3.013) 1.0 3.5

CT+CC 158 (0.37) 75 (0.46) 0.676 (0.462—-0.993) 0.05 54.1

MAF 181 (0.21) 82 (0.25) 0.789 (0.580-1.080) 0.1 33.0

Pfor HWE | 0.526 0.374

rs7041 n =401 n =158

GG 134 (0.33) | 56 (0.35) reference - 0.8 0.9

GT 205 (0.51) 77 (0.49) 1.113 (0.724-1.704) 0.7 7.7

1T 62 (0.16) 25 (0.16) 1.036 (0.574-1.901) 1.0 4.4

GT+TT 267 (0.67) 102 (0.65) 1.094 (0.727-1.636) 0.7 6.8

MAF 329 (0.41) 127 (0.40) 1.035 (0.788-1.363) 0.9 5.3

P for HWE | 0.527 0.985

rs1155563 | n =430 n=162

TT 202 (0.47) 76 (0.47) reference - 0.5 0.3

CT 176 (0.41) 73 (0.45) 0.907 (0.610-1.350) 0.7 6.9

CC 52 (0.12) 13 (0.08) 1.505 (0.754-3.184) 0.3 19.6

CT+CC 228 (0.35) 86 (0.53) 0.998 (0.683-1.456) 1.0 4.2

MAF 280 (0.33) 99 (0.31) 1.097 (0.826-1.463) 0.6 9.2

Pfor HWE | 0.370 0.734

a — nonsignificant after the Bonferroni correction (P >0.02)
Abbreviations: see TABLES 1 and 3




Supplementary Table 5. Comparison of the distribution of vitamin D-binding protein genotypes (GC) in hemodialysis (HD) men and control

healthy men
HD men | Control men . 0 2 Power

GC (frequency) | (frequency) Odds ratio (95% CI) talFI)ed Ptrend | Pgenotyping (%)
rs2298849 | n = 621 n =147
TT 398 (0.64) 98 (0.67) reference - 0.4 0.7
CT 192 (0.31) | 44 (0.30) 1.074 (0.713-1.636) 0.8 5.8
CC 31 (0.05) 5 (0.03) 1.527 (0.568-5.156) 0.5 8.7
CT+CC 223 (0.36) | 49 (0.33) 1.121 (0.756-1.677) 0.6 8.0
MAF 254 (0.20) |54 (0.18) 1.143 (0.819-1.615) 0.5 11.1
Pfor HWE | 0.464 1.000
rs7041 n =600 n=134
GG 207 (0.34) | 41(0.31) reference - 1.0 0.2
GT 280 (0.47) | 73(0.54) 0.760 (0.484-1.181) 0.2 23.2
1T 113 (0.19) | 20 (0.15) 1.119 (0.607-2.118) 0.8 5.3
GT+TT 393 (0.66) | 93 (0.69) 0.837 (0.544-1.273) 0.4 12.3
MAF 506 (0.42) |113(0.42) | 1.000 (0.759-1.321) 1.0 4.7
Pfor HWE | 0.572 0.400
rs1155563 | n = 624 n =149
TT 311 (0.50) 80 (0.54) reference - 0.3 0.5
CT 239 (0.38) |56 (0.37) 1.098 (0.738-1.640) 0.7 6.6
CC 74 (0.12) 13 (0.09) 1.464 (0.757-3.024) 0.3 18.1
CT+CC 313 (0.50) | 69 (0.46) 1.167 (0.803-1.698) 0.5 12.5
MAF 387 (0.31) | 82(0.28) 1.184 (0.888-1.589) 0.3 20.5
Pfor HWE | 0.032 0.780

Abbreviations: see TABLES 1 and 3




Supplementary Table 6. Haplotype analysis of GC polymorphisms

HD all vs. CONTROL all

Polymorphisms Haplotypes Frequency Case, control ratios X P value | P value?
rs7041 rs1155563 GT 0.537 0.536, 0.542 0.060 0.8 1.0
TC 0.261 0.267, 0.241 1.736 0.2 0.5
TT 0.153 0.148, 0.168 1.423 0.2 0.6
GC 0.049 0.048, 0.050 0.016 0.9 1.0
rs1155563 rs2298849 TT 0.511 0.509, 0.515 0.056 0.8 1.0
CT 0.279 0.284, 0.265 0.879 0.3 0.7
TC 0.180 0.175, 0.195 1.246 0.3 0.6
CcC 0.030 0.032, 0.026 0.545 0.5 0.8
rs7041 rs1155563 rs2298849 |GTT 0.392 0.395, 0.382 0.315 0.6 1.0
TCT 0.239 0.244,0.225 0.879 0.3 0.9
GTC 0.145 0.141, 0.159 1.304 0.3 0.8
TTT 0.118 0.113,0.132 1.579 0.2 0.7
GCT 0.041 0.042, 0.040 0.026 0.9 1.0
TTC 0.036 0.035, 0.036 0.013 0.9 1.0
TCC 0.022 0.023, 0.015 1.448 0.2 0.7




HD women vs. CONTROL women

Polymorphisms Haplotypes Frequency Case, control ratios X P value | Pcoy value?
rs7041 rs1155563 GT 0.540 0.538, 0.544 0.037 0.8 1.0
TC 0.265 0.271, 0.252 0.425 0.5 0.9
TT 0.141 0.137,0.152 0.402 0.5 0.9
GC 0.054 0.054, 0.052 0.016 0.9 1.0
rs1155563 rs2298849 1T 0.493 0.500, 0.476 0.540 0.5 0.8
CT 0.285 0.290, 0.273 0.362 0.5 0.9
TC 0.188 0.175,0.219 3.018 0.08 0.2
CC 0.034 0.035, 0.032 0.046 0.8 1.0
rs7041 rs1155563 rs2298849 |GTT 0.384 0.392, 0.362 0.892 0.3 0.9
TCT 0.246 0.250, 0.237 0.221 0.6 1.0
GTC 0.155 0.145, 0.182 2.403 0.1 0.4
TTT 0.106 0.104,0.111 0.116 0.7 1.0
GCT 0.043 0.044, 0.039 0.164 0.7 1.0
TTC 0.036 0.034, 0.041 0.364 0.5 1.0
TCC 0.019 0.021, 0.015 0.383 0.5 1.0
GCC 0.011 0.010, 0.013 0.234 0.6 1.0




HD men vs. CONTROL women

Polymorphisms Haplotypes Frequency Case, control ratios X Pvalue | Pgor value®
rs7041 rs1155563 GT 0.536 0.535, 0.538 0.011 0.9 1.0
TC 0.258 0.265, 0.229 1.635 0.2 0.5
1T 0.162 0.156, 0.186 1.645 0.2 0.5
GC 0.045 0.044, 0.047 0.028 0.8 1.0
rs1155563 rs2298849 1T 0.524 0.516, 0.558 1.676 0.2 0.5
CT 0.275 0.280, 0.256 0.667 0.4 0.8
TC 0.173 0.175, 0.167 0.104 0.7 1.0
CC 0.027 0.029, 0.019 0.956 0.3 0.7
rs7041 rs1155563 rs2298849 |GTT 0.397 0.396, 0.403 0.042 0.8 1.0
TCT 0.235 0.240, 0.215 0.846 0.4 0.9
GTC 0.138 0.139, 0.136 0.02 0.9 1.0
TTT 0.127 0.120, 0.155 2.68 0.1 0.4
GCT 0.040 0.040, 0.042 0.021 0.9 1.0
TTC 0.035 0.036, 0.032 0.149 0.7 1.0
TCC 0.023 0.025, 0.014 1.279 0.3 0.7




HD women vs. HD men

Polymorphisms Haplotypes Frequency Case, control ratios X P value | Pcoy value®
rs7041 rs1155563 GT 0.537 0.538, 0.536 0.011 0.9 1.0
TC 0.268 0.271, 0.265 0.1 0.8 1.0
1T 0.148 0.137,0.155 1.341 0.2 0.6
GC 0.048 0.054, 0.044 1.038 0.3 0.7
rs1155563 rs2298849 1T 0.510 0.501, 0.517 0.55 0.5 0.8
CT 0.283 0.289, 0.278 0.297 0.6 0.9
TC 0.174 0.174,0.174 0.001 1.0 1.0
CC 0.033 0.036, 0.031 0.397 0.5 0.9
rs7041 rs1155563 rs2298849 |GTT 0.398 0.396, 0.399 0.012 0.9 1.0
TCT 0.242 0.245, 0.240 0.084 0.8 1.0
GTC 0.139 0.142,0.137 0.094 0.8 1.0
TTT 0.112 0.103,0.118 1.071 0.3 0.9
GCT 0.041 0.045, 0.039 0.433 0.5 1.0
TTC 0.036 0.034, 0.037 0.2 0.7 1.0
TCC 0.025 0.026, 0.025 0.01 0.9 1.0

a — calculated using permutation test and a total of 1000 permutations







Supplementary Table 7. Clinical and laboratory data of hemodialysis women divided according to GC rs2298849 polymorphic variants

GC rs2298849

Parameter T cT cc Odds ratio (95% Cl) e
clinical data, n =390 n =249 n=123 n=18

TT vs. CT + CC: 1.205 (0.758-1.905) 0.5

coronary artery disease, n (% of all) 78 (31) 41 (33) 9 (50) TT + CT vs. CC: 2.126 (0.726-6.204) 0.2

TT vs. CC: 2.192 (0.737-6.483) 0.2

TT vs. CT + CC: 1.637 (0.910-2.925) 0.1

myocardial infarction, n (% of all) 34 (14) 27 (22) 2 (11) TT + CT vs. CC: 0.637 (0.069-2.825) 0.8

TT vs. CC: 0.790 (0.085-3.611) 1.0

TT vs. CT + CC: 0.976 (0.568-1.657) 1.0

parathyroidectomy/cinacalcet, n (% of all) 54 (22) 25 (20) 5 (28) TT + CT vs. CC: 1.426 (0.386-4.421) 0.7

TT vs. CC: 1.389 (0.371-4.379) 0.7

laboratory data, n = 350 n=226 n=110 n=14

TT vs.CT + CC: 0.6

25(0OH)D, ng/ml 11'9n(4_'55620'7) 11'8r$6_'633?0'0) 11'8n(§':i 13) TT +CT vs. CC: 0.5
" " " TT vs. CC: 0.3

TT vs. CT + CC: 0.5%

total calcium, mg/dl 8.97 (6.0-11.4) 8.94 (6.8-10.8) 8.85 (7.5-10.3) TT +CT vs. CC: 0.8°
TT vs. CC: 0.7%
TT vs.CT + CC: 0.08?

phosphates, mg/dl 5.14 (2.24-11.3) 4.78 (1.7 5-8.65) 4.92 (2.94-7.94) TT +CT vs. CC: 0.9°
TT vs. CC: 0.9

TT vs. CT + CC: 0.9%

PTH, ng/l 375 (19.5-3741) 389 (13.7-3000) 320 (48.6-1230) TT +CT vs. CC: 0.4
TT vs. CC: 0.4

TT vs.CT + CC: 1.0

total ALP, U/l 100 (25.8-1684) 98.8 (41.0-1299) 87 (41.3-331) TT +CT vs. CC: 0.3
TT vs. CC: 0.3%

Data are presented as median and range or number and percentage.

a — Mann-Whitney test, b —t test

Conversion factors to SI units are as follows: for 25(OH)D, 1 ng/ml = 2.496 nmol/l; for calcium, 1 mg/dl = 0.25 mmol/I; for phosphorus, 1 mg/dl = 0.323

mmol/I

Abbreviations: ALP — alkaline phosphatase, PTH — parathyroid hormone, others — see TABLE 3




Supplementary Table 8. Clinical and laboratory data of hemodialysis women divided according to GC rs7041 polymorphic variants

Parameter GC rs7041 .
GG GT TT Odds ratio (95% CI) P value
clinical data, n = 366 n=125 n =188 n=>53
GG vs. GT + TT: 0.735 (0.456-1.191) 0.2
coronary artery disease, n (% of all) 47 (38) 58 (31) 16 (30) GG + GT vs. TT: 0.857 (0.424-1.666) 0.8
GG vs. TT: 0.718 (0.335-1.497) 0.4
GG vs. GT + TT: 0.754 (0.409-1.412) 0.4
myocardial infarction, n (% of all) 23 (18) 28 (15) 7 (13) GG + GT vs. TT: 0.782 (0.282-1.879) 0.7
GG vs. TT: 0.675 (.228-1.778) 0.5
GG vs. GT + TT: 0.944 (0.532-1.702) 0.9
parathyroidectomy/cinacalcet, n (% of all) 25 (20) 34 (18) 12 (23) GG + GT vs. TT: 1.260 (0.567-2.630) 0.6
GG vs. TT: 1.171 (0.487-2.694) 0.8
laboratory data, n = 327 n=113 n=165 n=49
GGvs.GT+TT: 0.2*
25(0H)D, ng/ml 12.6{1(5203—250.0) 11.8r$t54—220.3) 11.3n(5:.81—715.7) GG+ GTvs. TT: 0,062
GGvs. TT: 0.04*°
GGvs.GT+TT: 0.6
total calcium, mg/di 8.93 (6.01-10.4) 8.94 (6.80-11.4) 9.15 (6.65-10.4) GG+GTvsTT: 0.6°
GGvs. TT: 0.7%
GGvs. GT+TT: 0.2
phosphates, mg/dl 5.03 (1.75-9.33) 4.80 (2.23-11.3) 5.58 (3.40-8.97) GG+GTvs. TT: 0.008?
GGvs. TT: 0.007°
GGvs. GT+TT: 0.1%
PTH, ng/l 331 (13.7-3741) 433 (38.4-2736) 411 (36.3-2267) GG+GTvs. TT: 0.4%
GGvs. TT: 0.2*
GGvs.GT+TT: 0.8%
total ALP, U/l 98.4 (42.8-1684) 98.2 (25.8-1110) 104 (42.5-579) GG +GTvs. TT: 0.7%
GGvs. TT: 0.9

Median and range or number and percentage are presented.

a — Mann Whitney test, b — nonsignificant after the Bonferroni correction (P >0.017), ¢ —t test
For conversion factors: see TABLE 7

Abbreviations: see TABLES 3 and 7




Supplementary Table 9. Clinical and laboratory data of hemodialysis women divided according to GC rs1155563 polymorphic variants

GC rs1155563

Parametr TT CT cC Odds ratio (95% CI) P value

clinical data, n = 389 n=178 n=165 n =46
TT vs. CT + CC: 1.183 (0.756-1.855) 0.5
coronary artery disease, n (% of all) 55 (31) 57 (35) 16 (35) TT + CT vs. CC: 1.100 (0.536-2.184) 0.9
TT vs. CC: 1.193 (0.558-2.475) 0.7
TT vs. CT + CC: 1.065 (0.598-1.910) 0.9
myocardial infarction, n (% of all) 28 (16) 26 (16) 9 (20) TT + CT vs. CC: 1.302 (0.522-2.949) 0.6
TT vs. CC: 1.303 (0.497-3.148) 0.7
TT vs. CT + CC: 0.855 (0.512-1.430) 0.6
parathyroidectomy/cinacalcet, n (% of all) 41 (23) 33 (20) 10 (22) TT + CT vs. CC: 1.010 (0.426-2.200) 1.0
TT vs. CC: 0.928 (0.378-2.120) 1.0

laboratory data, n = 349 n =157 n =149 n=43
TT vs.CT + CC: 0.3
25(OH)D, ng/ml 12.7 ;5._82’950.0) 11.6 ;4._5411320.3) 10.9 ;7;81116.4) TT+CT vs. GCn 0.52
B B B TT vs. CC: 0.4°
TT vs. CT + CC: 0.8°
total calcium, mg/dl 9.0 (6.65-11.4) 8.9 (6.01-10.8) 9.18 (7.0-10.9) TT +CT vs. CC: 0.2
TT vs. CC: 0.4°
TT vs. CT + CC: 0.7
phosphates, mg/dI 5.07 (1.75-9.33) 4.92 (2.23-11.0) 5.2 (3.19-11.3) TT +CT vs. CC: 0.5
TT vs. CC: 0.5°
TT vs. CT + CC: 1.0
PTH, ng/l 375 (13.7-3741) 406 (19.5-2736) 344 (38.4-1405) TT +CT vs. CC: 0.6
TT vs. CC: 0.6%
TT vs.CT + CC: 0.6%
total ALP, U/I 99.5 (42.8-1684) 98.4 (25.8-1110) 100 (41.0-443) TT +CT vs. CC: 0.6
TT vs. CC: 0.5%

Data are presented as median and range or number and percentage.

a — Mann-Whitney test, b —t test
For conversion factors: see TABLE 7
Abbreviations: see TABLES 3and 7




Supplementary Table 10. Clinical and laboratory data of hemodialysis men divided according to GC rs2298849 polymorphic variants

GC rs2298849

Parameter T cT cC Odds ratio (95% CI) valie

clinical data, n = 563 n = 358 n=176 n=29
TT vs. CT + CC: 1.288 (0.895-1.851) 0.2
coronary artery disease, n (%) 137 (38) 78 (44) 13 (45) TT + CT vs. CC: 1.206 (0.522-2.734) 0.8
TT vs. CC: 1.311 (0.561-3.006) 0.6
TT vs. CT + CC: 1.075 (0.706-1.627) 0.8
myocardial infarction, n (%) 86 (24) 43 (24) 9 (31) TT + CT vs. CC: 1.413 (0.552-3.342) 0.5
TT vs. CC: 1.423 (0.549-3.415) 0.5
TT vs. CT + CC: 0.949 (0.580-1.533) 0.9
parathyroidectomy/cinacalcet, n (%) 62 (17) 33 (19) 1(3) TT + CT vs. CC: 0.165 (0.004-1.026) 0.06
TT vs. CC: 0.171 (0.004-1.076) 0.07

laboratory data, n = 476 n =303 n =147 n=26
TT vs.CT + CC: 1.0
25(0OH)D, ng/ml 1565—1832'96 15'n7_i355'84 13'2 f g'% TT + CT vs. CC: 0.3
" " " TT vs. CC: 0.3
TTvs CT + CC: 0.6°
total calcium, mg/dI 8.8 (6.6-12.3) 8.8 (7.2-10.6) 8.9 (6.8-10.1) TT + CT vs. CC: 0.8°
TT vs CC: 0.9°
TTvs CT + CC: 0.7°
phosphates, mg/dl 5.1(2.0-10.4) 4.9 (2.0-12.0) 5.1 (2.5-8.9) TT + CT vs. CC: 0.6°
TT vs. CC: 0.6°
TT vs. CT + CC: 0.2°
PTH, ng/l 363 (7.3-3757) 402 (73.5-2588) 301 (70.2-1500) TT +CT vs. CC: 0.2°
TT vs. CC: 0.3°
TT vs.CT + CC: 0.5°
total ALP, U/I 92.6 (40.5-977) 87.3 (38.3-860) 98.0 (57.0-223) TT +CT vs. CC: 0.7°
TT vs. CC: 0.8°

Data are presented as mean and standard deviation, median and range, or number and percentage.

a — Cochran Cox test, b — t test, c — Mann-Whitney test

For conversion factors: see TABLE 7
Abbreviations: see TABLES 3and 7




Supplementary Table 11. Clinical and laboratory data of hemodialysis men divided according to GC rs7041 polymorphic variants

Parameter GC rs7041 .
GG GT 1T Odds ratio (95% CI) P value
clinical data, n = 546 n=183 n=261 n=102
GG vs. GT + TT: 1.002 (0687-1.467) 1.0
coronary artery disease, n (%) 73 (40) 106 (41) 39 (38) GG + GT vs. TT: 0.916 (0.572-1.456) 0.8
GG vs. TT: 0.933 (0.549-1.577) 0.9
GG vs. GT + TT: 0.912 (0.595-1.409) 0.7
myocardial infarction, n (%) 47 (26) 64 (25) 23 (23) GG + GT vs. TT: 0.873 (0.499-1.486) 0.7
GG vs. TT: 0.842 (0.453-1.539) 0.7
GG vs. GT + TT: 0.793 (0.490-1.295) 0.4
parathyroidectomy/cinacalcet, n (%) 36 (20) 39 (15) 20 (20) GG + GT vs. TT: 1.200 (0.656-2.121) 0.6
GG vs. TT: 0.996 (0.511-1.901) 1.0
laboratory data, n = 458 n =156 n=217 n=285
GGvs.GT+TT: 0.09%
25(0H)D, ng/ml 16;14_1 4‘269 15h3_i5ﬁ59 14}10—123677 GG +GTvs. TT: 0.1°
- - B GGvs. TT: 0.05%
GGvs.GT+TT: 0.8°
total calcium, mg/di 8.8 (6.6-10.6) 8.8 (7.3-12.3) 8.8 (7.5-11.6) GG+GTvs. TT: 0.4°
GGvs. TT: 0.7°
GGvs.GT+TT: 0.8
phosphates, mg/dl 5.1 (2-12) 5.0 (2.0-10.4) 5.2 (2.3-10.5) GG +GTvs. TT: 0.3
GGvs. TT: 0.6°
GGvs.GT+TT: 0.6°
PTH, ng/l 386 (29.5-2992) 367 (7.3-3757) 337 (12.7-2570) GG+GTvs. TT: 0.8
GGvs. TT: 0.7°
GGvs.GT+TT: 0.3
total ALP, U/l 88.1 (40.5-977) 95.5 (38.3-860) 88.3 (42.5-324) GG+GTvs. TT: 0.8
GGvs. TT: 0.7°

Data are presented as mean and standard deviation, median and range, or number and percentage.
a—t test, b — Mann-Whitney test

For conversion factors: see TABLE 7

Abbreviations: see TABLES 3 and 7




Supplementary Table 12. Clinical and laboratory data of hemodialysis men divided according to GC rs1155563 polymorphic variants

GC rs1155563

Parameter TT CT cC Odds ratio (95% CI) P value
clinical data, n = 565 n=277 n=221 n==67
TT vs. CT + CC: 0.979 (0.690-1.389) 1.0
coronary artery disease, n (%) 113 (41) 90 (41) 26 (39) TT + CT vs. CC: 0.922 (0.523-1.599) 0.9
TT vs. CC: 0.920 (0.510-1.641) 0.9
TT vs. CT + CC: 0.897 (0.600-1.340) 0.6
myocardial infarction, n (%) 71 (26) 52 (24) 16 (24) TT + CT vs. CC: 0.957 (0.491-1.780) 1.0
TT vs. CC: 0.910 (0.455-1.748) 0.9
TT vs. CT + CC: 0.885 (0.558-1.405) 0.7
parathyroidectomy/cinacalcet, n (%) 50 (18) 34 (15) 13 (19) TT + CT vs. CC: 1.187 (0.568-2.326) 0.7
TT vs. CC: 1.093 (0.508-2.223) 0.9
laboratory data, n = 477 n =240 n=181 n=56
TTvs.CT + CC: 0.2%
25(OH)D, ng/ml toxte8 155443 136443 TT + CT vs. CC: 0.07°
B B B TT vs. CC: 0.07%
TT vs. CT + CC: 0.4°
total calcium, mg/di 8.8 (6.6-11.7) 8.8 (7.2-12.3) 8.7 (7.5-11.6) TT +CT vs. CC: 0.2
TT vs. CC: 0.3"
TT vs. CT + CC: 0.9°
phosphates, mg/dl 5.2 (2.0-12.0) 4.9 (2.4-10.3) 5.3 (2.3-8.9) TT +CT vs. CC: 0.1°
TT vs. CC: 0.3"
TT vs. CT + CC: 0.8°
PTH, ng/l 378 (29.5-2435) 363 (7.3-3757) 392 (12.7-2992) TT + CT vs. CC: 0.4°
TT vs. CC: 0.5°
TT vs. CT + CC: 0.9°
total ALP, U/I 93.0 (40.5-692) 95.5 (38.3-379) 82.9 (42.5-977) TT + CT vs. CC: 0.4°
TT vs. CC: 0.5°

Data are presented as median and range or number and percentage.
a—t test, b — Mann-Whitney test

For conversion factors: see TABLE 7

Abbreviations: see TABLES 3 and 7




Supplementary Table 13. Clinical and laboratory data of all hemodialysis patients divided according to GC rs2298849 polymorphic variants

GC rs2298849

Parameter TT CT cC Odds ratio (95% CI) P value
clinical data, n = 953 n =607 n=299 n =47
TT vs. CT + CC: 1.254 (0.947-1.660) 0.1
coronary artery disease, n (%) 215 (35) 119 (40) 22 (47) TT + CT vs. CC: 1.507 (0.796-2.833) 0.2
TT vs. CC: 1.604 (0.840-3.042) 0.2
TT vs. CT + CC: 1.240 (0.888-1.726) 0.2
myocardial infarction, n (%) 120 (20) 70 (23) 11 (23) TT + CT vs. CC: 1.151 (0.519-2.366) 0.8
TT vs. CC: 1.240 (0.552-2.580) 0.7
TT vs. CT + CC: 0.961 (0.673-1.363) 0.9
parathyroidectomy/cinacalcet, n (%) 116 (19) 58 (19) 6 (13) TT + CT vs. CC: 0.616 (0.210-1.491) 0.4
TT vs. CC: 0.619 (0.210-1.516) 0.4
laboratory data, n = 826 n =529 n =257 n =40
TT vs. CT + CC: 0.2%
25(OH)D, ng/ml 14'3n(‘:"i§§4'3) 13'2n(f'g§ 50) 12'4n(i"°;‘14) TT + CT vs. CC: 0.2°
TT vs. CC: 0.1°
TT vs. CT + CC: 0.4%
total calcium, mg/d| 8.9 (6-12.2) 8.8 (6.8-10.8) 8.9 (6.8-10.3) TT +CT vs. CC: 0.9
TT vs. CC: 0.8%
TT vs. CT + CC: 0.2%
phosphates, mg/dl 5.1(2-11.3) 4.8 (4.81.8-12) 5 (2.5-8.9) TT + CT vs. CC: 0.6
TT vs. CC: 0.8%
TT vs. CT + CC: 0.3
PTH, ng/l 369.1 (7.3-3757) 394.4 (13.7-3000) 300.7 (48.6-1499.8) TT + CT vs. CC: 0.1
TT vs. CC: 0.2%
TT vs. CT + CC: 0.6
total ALP, U/l 96.3 (25.8-1684) 94 (38.3-1299.3) 95.8 (41.3-331) TT + CT vs. CC: 0.7
TT vs. CC: 0.6%

Data are presented as median and range or number and percentage.

a—t test, b — Mann-Whitney test

For conversion factors: see TABLE 7
Abbreviations: see TABLES 3 and 7




Supplementary Table 14. Clinical and laboratory data of all hemodialysis patients divided according to GC rs7041 polymorphic variants

Parameter GC rs7041 .
GG GT TT Odds ratio (95% CI) P value
clinical data, n =912 n =308 n =449 n =155
GG vs. GT + TT: 0.891 (0.665-1.195) 0.5
coronary artery disease, n (%) 120 (39) 164 (37) 55 (35) GG + GT vs. TT: 0.916 (0.626-1.331) 0.7
GG vs. TT: 0.862 (0.564-1.310) 0.5
GG vs. GT + TT: 0.861 (0.610-1.220) 0.4
myocardial infarction, n (%) 70 (23) 92 (20) 30 (19) GG + GT vs. TT: 0.882 (0.550-1.379) 0.7
GG vs. TT: 0.816 (0.487-1.346) 0.8
GG vs. GT + TT: 0.852 (0.593-1.233) 0.4
parathyroidectomy/cinacalcet, n (%) 61 (20) 73 (16) 32 (21) GG + GT vs. TT: 1.210 (0.759-1.887) 0.4
GG vs. TT: 1.053 (0.629-1.740) 0.9
Laboratory data, n = 785 n=269 n=382 n=134 i
GGvs.GT+TT: 0.04%
25(0H)D, ng/ml 159 (80-500) 139 (45°285) 127 (5:7-209) GG +GT vs. TT: 0.05°
GGvs. TT: 0.016°
GGvs. GT+TT: 0.6°
total calcium, mg/di 8.9 (6.0-10.6) 8.9 (6.8-12.3) 8.9 (6.7-11.6) GG+GTvs. TT: 0.4%
GGvs. TT: 0.7%
GGvs. GT+TT: 0.5%
phosphates, mg/dl 5.1(1.8-12) 4.9 (2.0-11.3) 5.4 (2.3-10.5) GG+GTvs. TT: 0.02%°
GGvs. TT: 0.04*"
GGvs. GT+TT: 0.6°
PTH, ng/l 361.5 (13.7-3740.7) 388.2 (7.3-3757) 342.4 (12.7-2570) GG +GTvs. TT: 0.8%
GGvs. TT: 0.7%
GGvs.GT+TT: 0.6%
total ALP, U/l 91.5 (40.5-1684) 96.5 (25.8-1109.5) 98.3 (42.5-579) GG +GTvs. TT: 0.8%
GGvs. TT: 0.7%

Data are presented as median and range or number and percentage.
a — Mann—Whitney test, b — nonsignificant after the Bonferroni correction (P >0.017), ¢ —t test
For conversion factors: see TABLE 7
Abbreviations: see TABLES 3 and 7




Supplementary Table 15. Clinical and laboratory data of all hemodialysis patients divided according to GC rs1155563 polymorphic variants

GC rs1155563

Parameter T cT cc Odds ratio (95% CI) P value
clinical data, n = 954 n =455 n = 386 n=113
TT vs. CT + CC: 1.042 (0.794-1.366) 0.8
coronary artery disease, n (%) 168 (37) 147 (38) 42 (37) TT + CT vs. CC: 0.988 (0.641-1.508) 1.0
TT vs. CC: 1.011 (0.642-1.578) 1.0
TT vs. CT + CC: 0.935 (0.677-1.292) 0.7
myocardial infarction, n (%) 99 (22) 78 (20) 25 (22) TT + CT vs. CC: 1.066 (0.635-1.738) 0.9
TT vs. CC: 1.022 (0.594-1.711) 1.0
TT vs. CT + CC: 0.880 (0.628-1.233) 0.5
parathyroidectomy/cinacalcet, n (%) 91 (20) 67 (17) 23 (20) TT + CT vs. CC: 1.105 (0.645-1.829) 0.7
TT vs. CC: 1.022 (0.583-1.740) 1.0
laboratory data, n = 826 n =397 n =330 n=99
TT vs. CT + CC: 0.06%
25(0H)D, ng/ml 147 (52-50) 136 (4.5°285) 134 (5.7-209) TT +CT vs. CC: 0.09°
TT vs. CC: 0.05%
TT vs. CT + CC: 0.9%
total calcium, mg/di 8.9 (6.6-11.7) 8.9 (6-12.3) 8.9 (7-11.6) TT + CT vs. CC: 0.08°
TT vs. CC: 0.04°
TT vs. CT + CC: 0.9%
phosphates, mg/dl 5.1(1.8-12) 4.9 (2.2-11) 5.3(2.3-11.3) TT +CT vs. CC: 0.09%
TT vs. CC: 0.2%
TT vs. CT + CC: 0.8%
PTH, ng/l 376 (13.7-3740.7) 378.9 (7.3-3757) 385.7 (12.7-2991.5) TT + CT vs. CC: 0.8%
TT vs. CC: 0.9%
TT vs. CT + CC: 1.0
total ALP, U/l 95.4 (40.5-1684) 97 (25.8-1109.5) 89.3 (41-977.3) TT + CT vs. CC: 0.3
TT vs. CC: 0.3

Data are presented as median and range or number and percentage.
a — Mann—Whitney test, b — nonsignificant after the Bonferroni correction (P >0.017), ¢ —t test
For conversion factors: see TABLE 7
Abbreviations: see TABLES 3 and 7




Supplementary Figure 1. The Linkage disequilibrium (LD) plot of HapMap single nucleotide polymorphisms (SNPs) within the GC region. The plot was generated using the
genotype data from HapMap CEU samples (minimum minor allele frequency, 0.2) and the Haploview 4.0 software (Broad Institute, Cambridge, Massachusetts, United
States). The names of the examined SNPs are enclosed in boxes. A. In the D’ value plot, numbers represents D” values expressed as a percentage of maximal value (1.0).
Squares without numbers correspond to D’ = 1.0. A red-to-white gradient shows highest (1.0) to lowest (0.0) D’ value. B. In the r? value plot, numbers represents r? values

expressed as a percentage of maximal value (1.0). Squares without numbers correspond to r> = 1.0. A black-to-white gradient shows highest (1.0) to lowest (0.0) r? value.
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