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Abstract

Objectives: To investigate the relationship between vitamin D-related gene single nucleotide
polymorphisms (SNPs) and hepatitis B-related liver cirrhosis.

Methods: This study included patients with chronic hepatitis B who were admitted to the Liver
Research Center of the First Affiliated Hospital of Fujian Medical University from July 2012 to
August 2016. SNPs rs1544410 and rs2228570 in the vitamin D receptor gene and rs2282679 in
the vitamin D-binding protein gene were detected using the imLDR™ multiple SNP typing kit.
Genotype and allele frequencies were compared between groups using the chi-square test or
Fisher’s exact test.

Results: A total of 226 patients with hepatitis B virus (HBV) infection were enrolled, including
I 16 with HBV-related cirrhosis and | 10 patients without. The distributions of vitamin D-related
gene SNPs in both groups were in accordance with the Hardy—Weinberg equilibrium. There was
no significant difference in the frequency or allelic distributions of rs1544410, rs2228570, and
rs2282679 between the two groups. Additionally, the SNPs were not associated with the severity
of cirrhosis.

Conclusion: No significant connection was identified between vitamin D-related SNPs and
HBV-related liver cirrhosis.
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Introduction

Vitamin D is an important fat-soluble hor-
mone with multiple effects. The synthesis of
vitamin D begins with the production of
pre-vitamin D3 (25-hydroxyvitamin D)
after sunlight exposure. 25-hydroxyvitamin
D in the circulation then binds to vitamin
D-binding protein and is hydroxylated
to 1,25-dihydroxyvitamin D3 (1«,25(OH)
2D3), the active form of vitamin D, in the
liver and kidneys.! 10,25(0OH)2D3 com-
bines with the vitamin D receptor (VDR)
to execute its biological functions.” Besides
its known effects in the skeletal system,’
increasing evidence has revealed immuno-
modulatory,*  anti-inflammatory,  anti-
proliferative, and anti-fibrotic roles for
vitamin D, with the latter two exerted by
vitamin D binding to VDR.?

Liver cirrhosis (LC) is the final stage of
various chronic liver diseases, especially
chronic hepatitis B (CHB), which is prevalent
in Asia.>¢ Vitamin D deficiency is common in
patients with chronic liver diseases.” '

Vitamin D-related genes, which may be
involved in the synthesis or activation of
vitamin D, are reported to associate with
fibrosis in several liver diseases including
viral hepatitis,'' non-alcoholic fatty liver
disease,'” hepatocellular carcinoma,'® and
autoimmune liver disease.'*'> A possible
role for vitamin D-related gene single nucle-
otide polymorphisms (SNPs) in HBV-
related hepatocellular carcinoma was
recently suggested.'® However, the relation-
ship between of vitamin D-related gene
SNPs and HBV-related cirrhosis has not

yet been studied. Therefore, we conducted
the present study to explore the role of vita-
min D-related gene SNPs in liver cirrhosis.

Methods

Patients

HBV-infected patients who were admitted
to the First Affiliated Hospital of Fujian
Medical University from July 2012 to
August 2016 were included in this study if
they had provided blood samples that could
be used for SNP testing. Exclusion criteria
were other causes of hepatitis, including
hepatitis C virus, human immunodeficiency
virus, Epstein—Barr virus, and cytomegalo-
virus infection, hepatocarcinoma, alcoholic
steatohepatitis, nonalcoholic fatty liver dis-
ease, and other diseases that may influence
liver fibrosis. The following data were col-
lected from all patients: age, sex, white
blood cell counts (WBC), HBV-DNA
levels, the proportion of neutrophils
(N%), liver and kidney function tests, pro-
thrombin time, and the international nor-
malized ratio (INR).

Diagnostic criteria

Chronic  hepatitis B. CHB was diagnosed
according to the 2009 update of American
Association for the Study of Liver Discases
Practice Guidelines:'” 1) hepatitis B surface
antigen (HBsAg)-positive for at least
6 months; 2) serum HBV-DNA greater
than 100,000 copies/ml (>20,000IU/ml),
lower value 10,000 to 100,000 copies/ml
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(2,000-20,000 IU//ml) in hepatitis B e anti-
gen (HBeAg)-negative CHB; 3) a persistent
or intermittent elevation in alanine amino-
transferase/aspartate transaminase (ALT/
AST) levels; and 4) liver biopsy showing
chronic hepatitis with moderate or severe
necroinflammation.

Cirrhosis. Cirrhosis was diagnosed based on
typical clinical features including a history
of chronic liver disease, symptoms of chron-
ic liver disease (i.e. ascites, varices, and
hepatic encephalopathy), and/or imaging
consistent with cirrhosis. Decompensated
cirrhosis was defined as Child-Turcotte—
Pugh (CTP) class B or C.'®

According to the presence of cirrhosis,
patients were divided into cirrhosis and
non-cirrhosis  groups. Cirrhosis group
patients were further divided into compen-
sated and decompensated groups according
to their CTP score on admission: CTP class
A (scores 5-6), class B (scores 7-9), and
class C (scores 10-15).

Sample collection

Peripheral blood samples were taken from
all patients and peripheral blood mononu-
clear cells were separated by centrifugation
at 1006.2 x g for 15 minutes and stored at
—80°C. DNA was extracted from peripher-
al blood using a DNA purification kit
(Axygen Biosciences, Union City, CA,

USA). Three gene loci were chosen for
study: rs2282679 of the vitamin D-binding
protein gene (also known as the
group-specific component (GC) gene), and
rs1544410 and rs2228570 of the VDR gene.

Sample testing

SNP genotyping was carried out using the
imLDR™ multiplex with primers listed in
Table 1. The original database was ana-
lyzed by GeneMapper 4.1 software
(Applied Biosystems, Foster City, CA,
USA). Blood analysis was performed by
the ADVIA 21201 automated hematology
analyzer (Siemens Healthcare, Erlangen,
Germany). Biochemical testing was carried
out wusing an automatic biochemical
analyzer (Siemens Healthcare, Erlangen,
Germany). The blood coagulation function
was detected by an STA automatic coagu-
lation  analyzer (Diagnostica  Stago,
Chausson, France).

Statistical analysis

Statistical analyses were performed by SPSS
software, version 23.0. Continuous varia-
bles were represented as means =+ standard
deviation or medians (interquartile range)
and compared using the t-test or the Mann—
Whitney test, respectively. Categorical varia-
bles were expressed as counts (percentages),
and differences in categorical variables were

Table I. Primers used to PCR-amplify vitamin D-related gene single nucleotide

polymorphisms.

Gene SNP

Primer sequence (5'-3')

VDR rs1544410 (C/T)
rs2228570 (A/G)

GC rs2282679 (G/T)

F: TCACTGCACATTGCCTCCAAAA
R: TTCGTAGGGGGGATTCTGAGGA
F: CAAGGGCTCCCTTCATGGAAAC
R: GGCACTGACTCTGGCTCTGACC
F: CTGTGCTGGGTGTGATTCTGGT
R: CCATGCCCAGCAAATCTCTGTC

SNP, single nucleotide polymorphism.
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compared using the Chi-square test or
Fisher’s exact test when the samples were lim-
ited in number. The Hardy—Weinberg equi-
librium (HWE) was assessed in the study
population using the SHEsis software plat-
form (http://analysis.bio-x.cn). Genotype dis-
tributions were compared between cases and
controls, and the results were reported as
odds ratios (ORs) and 95% confidence inter-
vals (CIs). A P value <0.05 was considered
statistically significant.

Ethics

The study protocol was approved by the
Institutional Ethics Committee of the First
Affiliated Hospital of Fujian Medical
University (IEC-FOM-013-1.0). Written
informed consent was obtained from all
participants. All methods were performed
in accordance with the Declaration of
Helsinki regarding ethical standards for
research involving human subjects.

Results

Patient characteristics

A total of 226 patients with HBV infection
were included in the study, of whom 116
had HBV-related cirrhosis. Of these 116,
64 (55.17%) had compensated cirrhosis
and 52 (44.83%) had decompensated cir-
rhosis. No significant difference was found
in sex, alanine aminotransferase (ALT),
aspartate transaminase (AST), r-gamma-
glutamyl transferase (r-GGT), creatinine,
or N% between the two groups. Patient
clinical characteristics and baseline labora-
tory data are shown in Table 2.

Vitamin D-related gene SNP genotype
and dllele frequencies

The distributions of vitamin D-related gene
SNPs in the HBV-related cirrhosis and non-

cirrhosis groups were all in accordance with
the HWE. Genotype distributions and allele

Table 2. Patient demographic and clinical characteristics.

Cirrhosis group

Non-cirrhosis group

(n=116) (n=110) vz P

Sex (male) 74.14% 75.45% — 0.821
Age (years) 53.94+£11.86 36.13£11.71 11.362 <0.001
Total bilirubin (umol/L) 20.60 (23.43) 13.15 (10.25) —4.740 0.002
Albumin (g/L) 33.81 £6.08 41.47 +3.90 —11.316 <0.001
Globulin (g/L) 30.50 (8.15) 27.55 (7.32) —4.350 <0.001
ALT (U/L) 45.00 (74.75) 106.00 (224.00) —4.203 0.059
AST (U/L) 50.00 (50.00) 56.00 (106.00) —0.986 0.378
7-GGT (U/L) 67.50 (75.00) 50.00 (72.76) —2.446 0.084
BUN (mmol/L) 4.63 (1.92) 4.32 (1.65) —2.083 0.016
Creatinine (umol/L) 65.00 (19.75) 73.00 (22.42) —2.581 0.055
WBC (10°/L) 4.40 (1.93) 5.25 (1.98) —3.759 0.006
N% 55.01+13.78 53.62+8.92 0.897 0.375
Hemoglobin (g/L) 131.00 (29.75) 146.00 (18.50) —6.674 <0.001
Platelets (10%/L) 103.00 (71.25) 185.00 (77.00) —9.168 <0.001
Prothrombin time (s) 14.15 (3.80) 12.35 (1.60) —7.321 0.001
INR 1.21 (0.33) 1.07 (0.12) —7.490 <0.001
HBV-DNA(log|0 copies/ml) 7.18+7.73 7.62+7.98 —2.558 0.01

ALT, alanine aminotransferase; AST, aspartate transaminase; GGT, gamma-glutamyl transferase; BUN, blood urea nitrogen;
WBC, white blood cell count; N%, proportion of neutrophils; INR, international normalized ratio; HBV, hepatitis B virus.
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frequencies are listed in Tables 3 and 4.
There was no significant difference in
either the genotype of vitamin D-related
gene polymorphisms or allelic distributions
between the cirrhosis and non-cirrhosis
groups.

The associate between vitamin D-related
gene SNPs and cirrhosis progression

Patients with cirrhosis were divided into the
compensated group and the decompensated

group according to their CTP score.
Patients with compensated cirrhosis had

Table 3. Vitamin D gene genotypes.

significantly lower age, globulin level,
INR, and CTP, and significantly higher
baseline albumin, hemoglobin, and platelet
levels than those with decompensated cir-
rhosis (P < 0.05). There were no significant
differences regarding sex, ALT, AST, r-GGT,
total bilirubin, blood urea nitrogen, creati-
nine, WBC, N%, prothrombin time, or
HBV-DNA between the two groups
(Table 5). The distribution of genotypes was
in accordance with HWE in both groups.
There was no significant difference in the fre-
quency of rs2282679, rs1544410, or rs2228570
genotypes or alleles (Tables 6 and 7).

Cirrhosis Non-cirrhosis
SNPs (n=116) group (n=110) XZ P
rs1544410 1.037 0.309
CcC 103 (88.8%) 102 (92.7%)
CT 13 (11.2%) 8 (7.3%)
rs2228570 2.744 0.254
AA 26 (22.4%) 31 (28.2%)
AG 58 (50.0%) 43 (39.1%)
GG 32 (27.6%) 36 (32.7%)
rs2282679 2.392 0.302
GG 15 (12.9%) 12 (10.9%)
GT 38 (32.8%) 47 (42.7%)
TT 63 (54.3%) 51 (46.4%)

SNPs, single nucleotide polymorphisms.

Table 4. Allele distribution between HBV-related cirrhosis and non-cirrhosis groups.

Cirrhosis group Non-cirrhosis
Allele (n=116) group (n=110) OR 95% ClI b P
rs1544410 0.636 0.258-1.565 0.986 0.321
C 219 (94.4%) 212 (96.4%)
T 13 (5.6%) 8 (3.6%)
rs2228570 0.988 0.683-1.429 0.004 0.947
A 110 (47.4%) 105 (47.7%)
G 122 (52.6%) 115 (52.3%)
rs2282679 0.870 0.583-1.298 0.465 0.495
G 68 (29.3%) 71 (32.3%)
T 164 (70.7%) 149 (67.7%)

OR, odds ratio; Cl, confidence interval.
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Table 5. Baseline characteristics of patients with compensated and decompensated cirrhosis.

Compensated Decompensated
cirrhosis (n = 64) cirrhosis (n=>52) t/Z P
Sex (male) 78.13% 69.23% - 0.281
Age (years) 51.73+12.20 56.65+10.94 —2.26 0.026
Total bilirubin (umol/L) 15.10 (12.65) 31.95 (32.35) —4.81 0.109
Albumin (g/L) 37.68+4.30 29.06 +4.34 10.68 <0.001
Globulin (g/L) 28.85+5.24 32.97 £ 8.67 -3.16 0.002
ALT (U/L) 44.50 (64.50) 45.0 (81.25) —0.19 0.325
AST (U/L) 38.50 (42.50) 56 (51.25) —2.74 0.106
7-GGT (U/L) 67.50 (77.50) 67.00 (68.00) —0.049 0.342
BUN (mmol/L) 4.69+1.20 4.99+£2.03 —0.99 0.325
Creatinine (umol/L) 65.50 (20.42) 64.50 (20.50) —0.21 0.730
WBC (10°/L) 4.42 (1.78) 4.35 (2.34) —0.68 0.742
N% 53.49+14.35 58.50+15.35 —1.28 0.205
Hemoglobin (g/L) 139.00 (23.75) 121.00 (30.75) —4.10 0.001
Platelets (10°/L) 115.50 (70.25) 91 (70.75) —291 0.005
Prothrombin time (s) 13.30 (2.17) 15.60 (3.73) —4.69 0.702
INR 1.18 (0.20) 1.35 (0.35) =5.12 <0.001
CTP 5.00 (1.00) 8.50 (2.00) —9.47 <0.001
HBV-DNA 7.12+£7.60 7.25+7.82 —0.0452 0.652

(log!10 copies/ml)

ALT, alanine aminotransferase; AST, aspartate transaminase; GGT, gamma-glutamyl transferase; BUN, blood urea

nitrogen; WBC, white blood cell count; N%, proportion of neutrophils; INR, international normalized ratio;

CTP, Child-Turcotte—Pugh.

Table 6. Genotype distribution of GC and VDR gene polymorphisms.

Compensated Decompensated
cirrhosis group cirrhosis group
SNPs (n=64) (n=52) 12 P value
rs1544410 1.653 0.199
CcC 59 (9.22%) 44 (84.6%)
CT 5 (7.8%) 8 (15.4%)
rs2228570 1.512 0.470
AA 17 (26.6%) 9 (17.3%)
AG 31 (48.4%) 27 (51.9%)
GG 16 (25.0%) 16 (30.8 %)
rs2282679 3.876 0.144
GG 5 (7.8%) 10 (19.2%)
GT 24 (37.5%) 14 (26.9%)
TT 35 (54.7%) 28 (53.8%)

SNPs, single nucleotide polymorphisms.
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Table 7. SNP allele frequencies.

Compensated Decompensated
cirrhosis group cirrhosis group
Alleles (n=264) (n=>52) OR 95% ClI b P
rs1544410 0.488 0.155-1.539 1.555 0.212
C 123 (96.1%) 96 (92.3%)
T 5 (3.9%) 8 (7.7%)
rs2228570 0.739 0.439-1.244 1.299 0.254
A 65 (50.8%) 45 (43.3%)
G 63 (49.2%) 59 (56.7%)
rs2282679 1.343 0.762-2.368 1.041 0.308
G 34 (26.6%) 34 (32.7%)
T 94 (73.4%) 70 (67.3%)

OR, odds ratio; Cl, confidence interval.

Discussion

Vitamin D is increasingly recognized as
playing anti-inflammatory and anti-fibrotic
roles in various diseases. Moreover, previ-
ous studies showed a link between vitamin
D-related gene polymorphisms and the
development of several forms of liver dis-
eases. However, the present study found
no significant association between polymor-
phisms of the GC gene (rs2282679) and
VDR gene (rs1544410 and rs2228570) and
the risk of HBV-related cirrhosis in the
Chinese population.

This negative result is supported by sev-
eral studies. Arai et al."” reported that SNP
rs2282679 was not associated with the
severity of liver fibrosis in patients with
biopsy-proven non-alcoholic fatty liver dis-
ease. Additionally, a meta-analysis of four
studies with 357 primary biliary cirrhosis
cases and 604 controls showed no associa-
tion between SNP rs1544410 and disease
risk.”’ In patients with CHB infection,
SNPs rs2282679, rs1544410, and
rs2228570 also showed no correlation with
HBeAg seroconversion at 24 weeks after
Peg-IFN  therapy.?!  Similarly, SNPs
rs2228570 did not affect the HBsAg clear-
ance response to 48 weeks of Peg-IFN

therapy in a Thai cohort.>> Together with
our own findings, these results provide clin-
ical evidence for disputing the relationship
between vitamin D-related gene polymor-
phisms and the progression of liver disease,
as previously suspected. However, studies
on different diseases and races may give
entirely different results.

Indeed, a positive relationship between
vitamin D-related gene SNPs and HBV-
related liver diseases has previously been
documented.'® These discrepancies could
be explained by a number of reasons.
First, VDR and GC genes are highly poly-
morphic,”® and a potential association
between other GC and VDR SNP loci and
HBV-related cirrhosis has been found by
some studies. For example, variation in
VDR rs7975232 and rs731236 is associated
with a high HBV viral load and more
severe fibrosis and necroinflammation.”*
Additionally, variation in genotype and
allele frequencies of GC rs7041 was
reported between HBV patients with hepa-
tocellular carcinoma and healthy controls.'®
Second, the vitamin D function can be
influenced by various genes and their poly-
morphisms, such as CYP2RI, DHCR?7, and
CYP27B1,”® which were not assessed in our
study. Third, there is known racial
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variation in the allelic frequency of VDR
polymorphisms,'* and because our study
only investigated Chinese patients ethnic
differences cannot be ruled out.

This study has several limitations. The
sample size was relatively small, and the
ethnic restriction to the Chinese population
means that results should be interpreted
with care for other populations. Finally,
we mainly focused on gene expression, but
the expression of encoded proteins is
worthy of further study.

In conclusion, our results indicate that
VDR and GC polymorphisms are not asso-
ciated with the risk or severity of HBV-
related liver cirrhosis in the Chinese
population.
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