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Abstract

Background: We explored the effect of vitamin D receptor gene (VDR) polymorphisms in response to PEG-IFN
treatment in Egyptian chronic hepatitis B (CHB) patients.

Methods: Two hundred hepatitis B virus (HBV) patients (42.3£10.7 years) on PEG-IFN a-2a (180 pg /kg for 48
weeks) and one hundred control subjects (37.3 £12 years) were enrolled in the study. Vitamin D levels and
hepatitis B surface antigen (HBSAQ) expression were assessed by ELISA. VDR polymorphisms Fokl T>C (rs
10735810), Bsml A>G (rs 1544410), Apal (rs7975253), and Tagl C>T (rs 731236), were genotyped using real-
time PCR.

Results: Hepatitis B virus patients expressed significantly greater AST (p=< 0.00001) and ALT (P=< 0.00001),
and significantly less vitamin D (P=0.01), than control subjects. Patients with Ff or ff alleles of the Fokl single-
nucleotide polymorphism (SNP), bb alleles of Bsml SNP, or TT alleles of the Tagl single nucleotide
polymorphisms (SNP) showed greater response to PEG-IFN therapy than those with the FF (P=0.02 and
P=0.0002), Bb (P=0.023), or Tt/t alleles (P=0.01 and P=0.004 respectively). Logistic stepwise regression showed
that HBV DNA (r: 0.910, P<.00001), Fokl SNP polymorphism (r: 0.919, (P=0.037) and bAt haplotype (r: .926,
(P=0.043) are independent factors that determine PEG-IFN treatment response in the HBV-infected patients.
Conclusions: VDR gene polymorphisms may be used as treatment response predictors in HBV patients receiving
PEG-IFN. Fokl SNP and bAt haplotype are independent factors that that can be used to determine PEG-IFN
treatment responses in HBV-infected patients.
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Introduction

Hepatitis B virus (HBV) infection is a worldwide
problem, with nearly 350 million people being
chronically infected (1) and around one million deaths
per year (2). Hepatitis B virus infection-associated
complications such as cirrhosis, hepatic cell failure, and
hepatic cell carcinoma (HCC) affect approximately15-
40% of HBV patients; these complications could be
ameliorated by long-term anti-HBV therapy (2).
Pegylated interferons (PEG-IFNs) or conventional
interferon and nucleos (t) ide analogues including

lamivudine, telbivudine, adefovir, entecavir, and
tenofovir are antiviral drugs approved for chronic
hepatitis B (CHB) patient treatment. Interferon is more
effective than nucleotide analogues on hepatitis B
surface antigen (HBeAg) clearance, HBeAg
seroconversion (3), and HCC prevention among CHB
patients (4). Although PEG-IFNa has been suggested
as a first-line therapy for CHB patients (1), its use was
restricted as it is costly, caused several reported adverse
reactions, and was inconvenient to inject. Its failure rate
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among CHB may reach 60-70% (5). Many factors
may affect the PEG-IFN effect, such as baseline
HBV DNA level, HBV genotype, alanine amino
transferase (ALT) level, sex, age, and patient
genetic factors (6); however, the exact molecular
mechanism is not well known.

Vitamin D 1,25(0OH)2D3 is an
immunomodulator hormone that modulates the
transcription of target genes in response to its
stimulation (7). The vitamin D receptor (VDR) is
present on many immune system cells including
monocytes, stimulated macrophages, dendritic
cells, natural killer cells, and activated B and T cells
(8). Some VDRs have an immunoregulatory action
independent of their endocrine function pathways
(8, 9). Recent studies reported associations of VDR
polymorphisms with immune-mediated diseases
including rheumatoid arthritis (10), autoimmune
liver disease (11), tuberculosis (12), and Grave’s
disease (13). These associations support its role in
immune modulation. The aim of the present work
is to examine the effect of VDR gene
polymorphisms Fokl T>C (rs 10735810), Bsmi
A>G (rs 1544410), Apal (rs7975253), and Tagl
C>T (rs 731236) in response to PEG-IFN
treatment in Egyptian HBV patients.

Materials and Methods

Hepatitis B-infected patients were referred to the
outpatient clinic affiliated with the Endemic
Medicine Department of Cairo University. Two
hundred patients and 100 control subjects enrolled
in the study. Hepatitis B virus was diagnosed by
ELISA for HBsAg. Informed consent was given
by each study participant.

The protocol of this study was approved by the
Ethical Committee, Faculty of Medicine at Cairo
University in accordance with the tenets of the
Declaration of Helsinki.

Patient characteristics

Inclusion criteria:

- Male and female patients aged from 18 to 60 years.

- Patients who have been HBsAg-positive for more
than six months whether they have normal or
abnormal ALT levels.

Exclusion criteria:

- Co-infection with chronic hepatitis C virus (HCV).

- HDV positive and Bilharzial liver disease.

Medical histories were obtained from each
patient including risk factors for acquiring their
HBYV infection, history of HBV vaccination, and
full  clinical and abdominal ultrasound
examinations. Complete blood count, AST, ALT,
bilirubin, albumin, alkaline phosphatase (ALKP),
prothrombin time (PT), protein C (PC), and INR
were determined using commercial Kits. Body
mass index (BMI) was determined from patient
weight and height.

Al patients received a PEG-IFN o-2a therapy
regimen  (F.  Hoffmann-LaRoche,  Basel,
Switzerland) of 180 pg weekly for 48 weeks. The
HBV loads were tested at the end of the PEG-
IFN therapy by PCR for HBV.

HBV serological assessment

The HBsAg was measured using a commercial
enzyme linked immunoassay (ELISA) kit
(DiaSorin, USA). Hepatitis B virus DNA was
extracted using the QlAamp MinElute Virus Spin
protocol. The DNA was amplified using a
quantitative real-time PCR StepOne kit (Applied
Biosystems, Foster City, USA) according to the
manufacturer’s instructions.

Vitamin D assay

A vitamin D Assay A Liaison automatic analyzer
(Thermo Scientific, Cairo, Egypt) was used to
determine the participants’ 25-hydroxy vitamin D
(25-[OH]D) levels.

Vitamin D receptor polymorphism (VDR)
genotyping

Whole blood DNA was purified using a Quick-
gDNA™ MiniPrep kit (Zymoresearch, USA, CA,
Catalogue No. D3024) according to the
manufacturer’  specifications.  The  DNA
concentration was determined at 260 nm using a
Nanodrop ND-1000*spectrophotometer. The VDR
Fokl T>C (rs 10735810), Bsml A>G (rs 1544410),
Apal (rs7975253), and Tagl C>T (rs 731236)
single nucleotide polymorphisms (SNPs) were
genotyped using specific primers and TagMan
FAM and VIC probes (TagMan SNP genotyping
assays, Applied Biosystems, Foster City, CA).
Negative and positive controls were included to
ensure accuracy of the genotyping. The reactions
were carried out in a total volume of 20 pL
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containing 50 ng of DNA. The PCR mix per well
consisted of 10 pL of 2x MOD™ PCR master mix
solution (Intron Biotechnology. Korea, Catalog No.
25341), 2 uL of primers and TagManprobe, 1 pL of
template DNA, and 7 pL of nuclease-free water. The
thermal cycler conditions consisted of an initial hold for
10 min at 95 °C, followed by 40 cycles of 15 s at 92
°C, and 1 min at 60 °C each. The genotyping was
analyzed with StepOne Applied Biosystems version
2.1 software.

Statistical analysis

Numerical variables between the study groups were
compared using the Mann-Whitney U test for
independent samples when comparing two groups and
the Kruskal-Wallis test with Mann-Whitney U test for
independent samples as post hoc multiple two-group
comparisons when comparing more than two groups.
To compare categorical data, the Chi square ()2) test

was used. The Fisher Exact test was used when the
expected frequency was less than five. P values less
than 0.05 were considered statistically significant. To
detect the relative independent risk factors that could
affect the treatment outcome, the logistic stepwise
regression test was used. All statistical calculations
were performed using computer programs Microsoft
Excel 2007 (Microsoft Corporation, NY, USA) and
SPSS (Statistical Package for the Social Sciences;
SPSS Inc, Chicago, IL, USA) version 15 for
Microsoft Windows.

Results

Clinical demographic characteristics of all subjects
The study included 200 patients (125 male & 75 female)
aged 42.3+10.7 years and 100 control subject (50 male &
50 female) aged 37.3+12 years. The patients have
significant greater AST and ALT values and significant
lower Vitamin D level than the controls subjects (Table 1).

Table 1. Basic Characteristics of HBV Patients and Control Subjects

Control HBV Patients P value
Male 50 125

SeX Femgle 50 75 004
Age (Year) 373412 42.3+10.7 <0.00001
AST(IUL) 26.04+6.03 4794323 <0.00001
ALT (IUL) 27.946.3 50.3+36.2 <0.00001
Albumin (mg/dI) 41405 414043 0.3
VitD level (ng/mL) 25.3+9.8 16.9+8.3 001

VDR polymorphism

The genotype allele distributions of VDR SNPs Fokl
T>C (rs 10735810) Bsml A>G (rs 1544410), Apal
(rs7975253), and Tagl C>T (rs 731236) are shown in

Table 2. The genotype frequencies of these SNPs
were not significantly different between patients and
controls (P=0.07) (Table 2 and Figure 1 (Fig. 1)).

Table 2. Genotypic frequenciesof VDR Gene among HBYV patients and control subjects

Allele HBYV patients (N) Control (N) P

FOKI FF 131 64

(rs 10735810) Ff 56 28 89
ff 13 8
BSMI BB 40 26

(rs 1544410) Bb 127 52 16
Bb 3 22
API AA 180 82

(rs7975253) Aa ’ 6 144
aa 13 12
TAq) TT 62 44

(s 731236) Tt 84 32 076
it 54 24

N=number of patients
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Fig. 1. Vitamin D Receptor gene alleles distribution among HBV patients and control subjects
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Fig. 2. bAt haplotype distribution among Hepatitis B Viral infected patients and control subjects

In the Fokl SNP; patients with FF allele lower AST compared to ff patients. Patients with
showed lower AST and ALT than in Ff patients. Ff allele showed greater BMI compared to ff
Patients with FF allele showed greater BMI but patients (Table 3).

Table 3. Effect of VDR alleles on different clinical parameters among HBV patients
BMI Bilirubin Albumin Alkaline
Allele (N) (Kg?) AST(IUL)  ALT(IUL) (i) (/) Phosphatase (IU/L)
FOKI FF(131) 276251 462+174*  479+179* 912 41442 13874595
(510735310) Ff (56) 2894517 5274185 554+188 83 42+43 126034658
ff(13) 246125%*  6214223** 5894206 73 4342 1339+70.1

BSMI BB(40)  265+482 514169 524+17.2 762027 43+42 1259+614

(15 1544410) Bb(127)  281+484# 48024179  499+183 902 41404244 13364598
Bb(33) 279458 50.7+22.2 5194219 7H02 39+043## 1506697

AP AA(180) 279451 496+185 51.2+188 08+0.26 41404 135.7462.1
(17975259) Aa(7) 259439 4464256 4514237 09405 39406 1289+439
aa(13) 265444 44341364 465134 084028 42403 126.2470.1

TT(62) 281449 54942103 565224 101+17 41+4 12254656

(rs-;?lc%gG) Tt@4) 27953  A5Q+16A¥  A78+168¥  8+3 41+5 1369456 2%

1t (54) 272447 4724172 486153 77+23 42+4 145.7+64.8%

Mann-Whitney test— N= Number of patients

*Significant FF Vs Ff **Significant FF Vs ff. ***Significant Ff Vs ff.
#Significant BB Vs Bb ##Significant BB Vs bb ###Significant Bb Vs bb.
¥Significant TT Vs Tt. ¥¥Significant TT Vs tt
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In the Bsml SNP, BMI was significantly
greater in patient with Bb allele than patient with
BB allele. Albumin was significantly greater in
patient with either BB or Bb allele than patients
with bb allele (Table 3)

In the Tagl SNP; patient with TT allele showed
significant greater AST and ALT compared to
patients with Tt alleles, while alkaline phosphatase
was significantly lower in patients with TT alleles
compared to patients with either tt or Tt alleles
(Table 3).

VDR alleles vs baseline HBV DNA and, Vitamin D
levels
At baseline, for Fokl, significantly more HBV

DNA was amplified from FF than either ff or Ff
patients. For Apall, significantly more HBV DNA
was amplified from Aa than from AA or aa patients.
For Apal, aa patients expressed significantly more
vitamin D than AA patients. After treatment, for
Fokd, significantly more HBV was amplified from
FF than from Ff or ff patients. For Bsmd, significantly
more HBV DNA was amplified from Bb than from
bb patients. For Tagl, significantly more HBV DNA
was amplified from TT than from Tt patients, and
significantly more HBV DNA was amplified from tt
than from TT or Tt patients (Table 5).

For the Tagl SNP, significantly less HBVDNA
was amplified from the TT patients than from the Tt
or tt patients (Table 5).

Table 4. Effect of VDR gene alleles on different clinical parameters among HBV patients

Alleles  PC % PT INN  TSH  Hb(ga) ¢ P El

(cells/pl) x103/mm3
FOKI FF(131)  10004+462  128+8 11+09 15+9 139+15 6442.7437996 205465
(s Ff(56) 11564664 126417 11+09 17+12 138+14 60516+1629.7 196459
10735810)  ff(13) 125+74.04 126+6 11+1 15+8 138+1.2 65538120851  201+43
BB (40) 10794587 12.7+7 108+08 168+103 139+15

63388421001 195447

s ;'554';’11'10) Bb(127) 1055526 127412  109:00  151+9  139+15  6MLOH37EL1 20464
() 10574603 1304112 111408 1564109 139#13 63364420673 20372
. AA(IS) 107935696 127+107  1003£00  156:97  1386+149 63503:33743 204459

(1s7975253) Aa(7) 92574392 134423 1097+07  141+4 1458+119  57143#118804 210111
aa(13) 86.62+16.07 12.7+84 11311 158+1.1 1396+14  65408£162806  173+67
TT(62) 106.6+58.7 12.8+95 1096+09  14+8 137413 66342422805 19359

(g?lg'%) Tt@4)  1063t529  126+14  1096+097 174109  139+15 62525420805 205465
t (4) 10491545 128+64 1.094+.08 1.6+838 141416 6139.8+1761.5 209162
Table 5. Effect of VDR alleles on baseline HBV DNA, Vitamin D level, and HBV DNA after 48 weeks of treatment
Gene Baseline HBV DNA Vitamin D HBYV DNA after 48
allele (1U/ml) levels (ng/mL) weeks (1U/ml)
FOKI FF(131)  24946933+1.119E7 176489 1655837.9+9938934.1
(ts 10735810) Ff (56) 9440274 £1239825.8 * 159472 672929.9+1205241 ***
ff(13) 492396.6 £544967.7 151+44 315322 4+497442.7*
BSMI BB (40) 587525.35+933034973  16.3+87 352970.6+8374984
(s 1544410) Bb (127) 2181878.4+1.006E7 1697479 1904171.8+1.009E7
bb (33) 2590058.8+1.065E7 17.7619.3 83315.06+191736.7 ###
API AA(180) 1888533.5+95629334 1665+8.3 1327288.9+8494711.2
(1S7975253) Aa(7) 3739000+34218704 § 18071803 926848.6+1539322.2
aa(13) 1535575.4+1776676.3 2083+7588 1022931.2+1888636.8
TAal TT(62) 1313169.9+2196733.6 161468 915751.1+1790196.6
s 731%36) Tt(84) 2278191.1+1.089E7 171483 228233 2+8773497 A ¥
t (54) 2097906.1+1.092E7 177498 1828701.6+1.096E 7%
- Mann-Whitney test. * Significant FF Vs Ff. - ** Significant FF Vs ff. - ### Significance Bb Vs bb - §significance
AA Vs Aa.

-88 significance AA Vs aa- ¥ Significant TT Vs Tt. -¥¥ Significant TT Vs t
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BAT Haplotype effect

Linkage disequilibrium was found between bAt
haplotypes: seven haplotypes were identified
among the patients included in our study; these

were: BAT, BAt, BaT, bAT, bAt, baT, and bat. No
significant differences were found between the
frequencies of the bAt haplotyes (Table 6).

Table 6. BAT Haplotype Distribution*

BAT haplotype
' Total
BAT BAt BaT bAT bAt baT bat
Control Count 4 9 2 10 2 6 2 35
%ofTotal 4.7% 105% 23% 116% 23% 7.0% 23%  40.7%
HBY Count 9 20 2 18 1 1 0 51
%ofTotal 105% 233% 23% 209% 12% 12% 0% 59.3%

Chi square test

Hemoglobin was significantly greater in the
BaT than in the BAT or Bat patients (Table 7).

*P=0.07 Chi Square test

parameters were found between any patients
with other BAT haplotypes alleles (Tables 7

No significance differences in clinical and 8).
Table 7. Effect of BAT haplotypes on different clinical parameters
I . Alkaline

Allele BMI AST ALT Bilirubin  Albumin BMI TLC  Platelet

Phosphatase PT INR TSH Hb (/! ;
(umber)  (Kgm)  (UL) (UL (mgd) ) (UL (Kgh) o (el x10%my
BAT(@) 71200 62353 60381 =07 43013 11514179  114#181 1297402  10M002  136:016  139:043 6804898 190+16
BAR)  50Bt8  50MB5 52734 74406 431008 1341#159  110#156 1274016  10%016  156:017 138034  5S0R5B908 1048
BT 47419 MEH05  43:85 75405 43401 151438 96 12505 106406 18406  166#05*  GOSE6E0 23419
DAT(8)  ogoorl2 5324561 5894543 724051 401000  1364+167  1065+125 1274016 110025 13302 137403 7106645447 20115

Mann-Whitney test. bAt and bat alleles were excluded as they include only one case each.

* significant BAT compared to BaT (p=0.02)
Chi square test - *P=0.07 Chi Square test

Table 8. BAT haplotype effects on Vitamin D levels and HBV DNA level after treatment

Allele HBV DNA after 48 Vitamin D levels Baseline DNA
(Number of patients) Weeks (1U/ml) (ng/mL) (1u/mi)
BAT (9) 250458.8+116819.569 15.02+1.962 277907.7£112672.1
Bat (20) 496487.9+254105.4 15.8+2.158 684582.6+252921.3
BaT (2) 2019421 185+0.8 239000+59000
bAT (18) 87223.2+49580.568 1424104 268474+86582.7

Mann-Whitney test. bAt and bat alleles were excluded as they included only one case each.

Stepwise Logistic Regression

Stepwise logistic regression was tested to identify
potential independent risk factors that could affect
patient responses to PEG-IFN treatment as measured

by HBV DNA. Of all the factors studied, only baseline
HBV DNA, FOKI SNPs, and BAT haplotypes were
significantly related and categorized as independent
risk factors (Table 9).

Table 9. Logistic Stepwise Regression Test

Standardized

R R? Adjusted R>  Coefficient SE - P value
coefficient
Baseline HBV 41 g09 25 854 057 910 <.00001
DNA
FOKI 919 .844 .837 145648.777 66691.254 123 .037
BAT haplotype .926 .857 .848 -67177.978 32356.042 -.115 .043

Dependent variable: HBV DNA after 48 Weeks, R: correlation coefficient; SE: standard error; P: significance

probability.
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Discussion

The role of VDR polymorphisms as a predictor of
PEG-IFN response among HCV-infected patients has
been studied elsewhere (14-18). To our knowledge the
effect of VDR polymorphisms as a predictor of PEG-
IFN response in HBV patients had not been previously
reported. Our study aimed to provide information in

this field.

In our study, patients with FOKI Ff or ff alleles
responded more strongly to PEG-IFN treatment than
those with the FF allele as evidenced by significantly

lower HBV viral load as determined by PCR.

Our results support the results of previous studies
that demonstrated the role of FOKI C>T
polymorphisms in response to PEQ-IFN therapy in
HCV-infected patients (14, 16, 19). The C>T
polymorphism could be considered as a molecular
marker to predict the risk and progress of HCC in

HBV patients (20).

The Fokl polymorphism is a non-synonymous
SNP in VDR that seems to affect VDR protein structure
and activity (21); it results in a threonine-methionine
change and addition of three amino acids, which
makes the protein less functionally active than its wild-
tyoe  counterpart  (22).  Moreover,  FOKI
polymorphisms may contribute to  increased
susceptibility to HBV-related HCC in a Chinese

population (23).

The predication of the HBV response to PEG-IFN
may allow clinicians to minimize HBV infection
complications and utilize effective selection antiviral
drugs at the initiation of treatment, minimizing drug-

related side effects and decreasing overall cost.

Fokl C>T (152228570, exon 2), Bsml G>A
(rs1544410, intron 8), Apal C>A (157975232, intron
8), and Tagl T>C (rs731236, exon 9) are the most

commonly genotyped SNPs of VDR (24).

In our study, patients with the bb allele in the VDR
BSMI SNP responded more to PEG-IFN treatment
than those with Bb alleles as evident by significant
lower HBV DNA at the end of treatment. While in the
Tagl SNP, patients with the TT allele expressed
significantly less HBV than the patients with the Tt or tt
alleles (Table 5). No significant differences were found

between Apal patients.

Our results are in agreement with previous studies
that found that Tagl may be considered as a predictor

for the response of HCV patients treated with PEG-

192 Rep. Biochem. Mol. Biol, Vol. 6, No. 2, Apr 2018

IFN (14). Similarly, Li et al. reported that Tagl SNP
polymorphism was significantly associated with
primary biliary cirrhosis (25).

Also Wang et al. reported an association between
Bsml allele polymorphisms and PEG-IFN plus
ribavirin  therapeutic responses in chronic HCV
patients (26).

Moreover, the BB and Bb alleles were shown to
be markers of inflammation and antioxidant
activities in vitamin D-deficient elderly patients
who received mega doses of Vitamin D, while the
bb allele was not (27).

On the other hand, another recently published study
showed Tagl rs731236, Bsml 151544410, and Apal
157975232 polymorphisms had no effect on responses
to PEG-IFN plus ribavirin therapy in Asian chronic
HCV patients. No role was found for Tagl rs731236 A
in HCC predication among HCV patients (28) and no
relationship was identified between VDR Tagl and
chronic HBV infection susceptibility (29). Our study
found no significant association between Apal
polymorphisms and patient responses to PEG-IFN.

The role of the VDR Apal polymorphism in the
development of HCC among chronic hepatitis C
patients is proved (28), also it might contribute to a
decreased susceptibility to HCV infection in a high-risk
Chinese population (30).

Three common alleles combinations of the VDR
“bAt-haplotype” consist of Bsml, Apal and Tagl (22)
in strong linkage disequilibrium and hence patients
were categorized as carriers and non-carriers (15, 16).

In the present study, baseline HBV DNA
expression, FOKI allele polymorphisms, and bAt
haplotype are independent factors determining the
HBV patient responses to PEG-IFN treatment.

The previous results in this point in HCV infected
patient are contradictory where the influence of bAt
[CCA]J- haplotype VDR polymorphisms on antiviral
response to Peg-IFN plus ribavirin therapy (15, 16).
Whereas recently published data showed no
relationship (26, 28).

We found no relationship between Vitamin D level
and treatment response, however the vitamin D3 level
was significantly lower in HBV patients than in
controls.

Our result supported by others that showed the risk
of hepatitis C viral (HCV) infection and chronicity in
subjects with low vitamin D levels (30, 31), moreover
vitamin D supplemented subjects with higher serum
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vitamin D levels exhibited high sustained virological
responses (better treatment response) among HCV
individuals (32).

In the present study, although the Vitamin D
levels were lower in HBV patients than in healthy
controls, vitamin D wasn’t an independent factor
that determined treatment response; this has also
been reported for chronic HCV patients (33).

Such results disagree with previous studies that
reported serum vitamin 25(0OH) D3 level was an
independent factor that significantly contributed to
sustained  virological response (34). Such
conflicting results could be explained as the
25(0OH) D3 serum level cannot be considered as an
established predictor of treatment outcome (18).
This may be justified as VDR variants modulate
biological effects of vitamin D without influencing
serum vitamin D levels (35), and vitamin D serum
levels fluctuate according to season and age (36).
Also, according to genome-wide association
analysis, none of the VDR genes studied here are
related to the vitamin D blood levels (35), but may
be related to its action.

Vitamin D binds to VDRs on the surfaces of
monocytes and lymphocytes, activating the innate
immunity systems and enhancing immune
responses by inhibiting Th1l cell functions and
activating Th2 cell responses (37, 38).

The inhibitory role of vitamin D in viral
replication is still unclear; it may directly inhibit
viral replication through up-regulation of IFN-B
expression (39), or by inhibiting a viral assembly
step (40). More studies are needed to explore its
exact molecular effect on viral replication and
infection susceptibility.
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are independent factors that may determine PEG-IFN
treatment response in the HBV infected patients in our

study.
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