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Abstract: Hepatocellular carcinoma (HCC) accounts for 85% to 90% of primary liver cancers. The majority of
these cases are related to chronic viral hepatitis. Several VDR gene single nucleotide restriction(SNP) have
been described in association with neoplastic and non-neoplastic diseases. The aim of this study was to explore
the association between VDR polymorphism and development of HCC and liver cirrhosis in chronically HBV
infected patients. The study included 152 patients with chronic HBV and 50 healthy subjects as controls. HBV
Patients were divided into three groups (59 chronic HBV infected patients without cirrhosis, 48 chronic HBV
with cirrhosis and 55 chronic HBV with HCC).For all patients liver enzymes and serum AFP were measured.
DNA was extracted from peripheral whole blood. VDR polymorphism was detected by the polymerase chain
reaction technique followed by restriction fragment length polymorphism. The genotype frequencies of VDR
Fokl C>T polymorphism were significantly different among the studied groups. HCC patients and HBV patients
with cirrhosis had higher prevalence of Fokl TT genotype than HBV patients without cirrhosis and controls.
The VDR Fokl TT polymorphisms was associated with significant increased risk of HBV-related HCC however,
due to the marginal significance and study limitations, larger well-designed epidemiological studies are
recommended to confirm these findings.
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I.  Introduction

Hepatocellular carcinoma (HCC) is the fifth most common malignancy and the third leading cause of
cancer mortality worldwide[1].1t represents 85% to 90%of primary liver cancers(2). Infection with hepatitis B
virus (HBV) and hepatitis C virus (HCV), fungal aflatoxin exposure and alcohol intake are considered the major
risk factors [2,3]. Epidemiological studies showed variable genetic factors may influence the susceptibility to
cancer[4,5,6]. Identification of these genetic factors may help to elucidate the complex process of hepato-
carcinogenesis and improve the preventative intervention. Overall, 75-85% of HCC cases are attributable to
persistent viral infection of HBV, specially in the developing countries (1). However, a small percent of lifelong
chronic carriers of HBV eventually develops HCC. This finding suggests the importance of genetic variation as
a risk factor for HBV-related HCC [7].The clinical outcomes of HBV infection vary from asymptomatic carrier
to chronic necro-inflammatory liver disease and hepatocellular carcinoma. The progress of the liver disease is
defined according to the interaction between host immune response and virus. The mechanisms that lead to the
viral clearance or become chronic aren’t well known. The host’s susceptibility to infectious diseases or severity
of the infection cannot be attributed only to the virulence of the microbial agent[8]. HBV pathogenesis is a very
complex progress that could be directed by many factors related to both the virus and the host. For example, a
recent study showed that HBe antigen positivity was more common in identical than non-identical twins, which
suggested that the genetic factors of the host can affect the progress of the disease [8].Many genes were reported
to have a role in HBV pathogenesis such as tumor necrosis factor-alpha, interleukin-6, interferon-y, tumor
growth factor-p and certain cellular receptors as chemokine receptor 5, vitamin D receptor(VDR) and estrogen
receptor [9].Vitamin D is a fat soluble seco-steroid which is related to many biological functions as bone
metabolism, regulation of immune response, cell proliferation and cell differentiation [10]. Vitamin D exert its
affects as a systemic hormone, immune responses regulator through VDR[11,12,13,14].VDR s an intracellular
hormone receptor that specifically binds the biologically active form of vitamin D and interacts with specific
nucleotide sequences of target genes to produce a variety of biological effects. Also VDR may interacts with
other cell-signaling pathways that influence cancer development. The VDR gene is highly polymorphic and is
located on chromosome 12q12—-q14 [15].Several single nucleotide polymorphisms (SNP) have been described in
the VDR gene in association with neoplastic and non-neoplastic diseases. VDR polymorphisms were observed
in relation to cancers of the breast, prostate, skin, colon, bladder and kidney[16]. Furthermore, VDR
polymorphisms can influence the prognosis of prostate and breast cancer, renal cell carcinoma and malignant
melanoma[17].This study was conducted to explore the VDR polymorphism in development of HCC and
hepatic cirrhosis in chronic hepatitis B patients.
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Il.  Subjects and methods

The study included 152patients from Menoufia university hospitals, In addition to 50 healthy
controls.Patients were divided into three groups; 59 patients with chronic HBV infections not complicated with
hepatic cirrhosis, 48 patients with chronic HBV infections complicated with cirrhosis and55with chronic HBV
complicated byHCC. Chronic HBV infection was diagnosed by detection of hepatitis B surface antigen
(HBsAg),then confirmed by real time PCR testing for HBV DNA. Liver cirrhosis was detected by abdominal
ultrasonic examination while, HCC was screened for by both abdominal ultrasonic examinations and
determination of alpha-fetoprotein (AFP) level then confirmed by triphasic CT.

Blood samples: 4 ml of blood from each patient were collected in two tubes.1 ml in heparinized tubes for DNA
extraction, 3 ml were collected in plain tubes for the separation of serum. Sera were separated and stored at -
20°C.

Biochemical measurements:

Alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma glutamyletransferase
(GGT), albumin, urea, bilirubin (total and direct) and creatinine were measured in serum by routine enzymatic
methods (Spinreact, Spain). Serum AFP concentration was measured by ELISA assay according to the
manufacturer’s recommendation using Elecsys 2010 (Roche Diagnostics, USA). HBV markers were measured
by commercially available ELISA kits (Bio-Rad, USA).

DNA Extraction and Genotyping:

Genomic DNA was extracted from whole peripheral bloodby DNA purification kit (Qiagen, UK)
according to the Manufacturer’s instructions. For the detection of the VDR polymorphisms, the polymerase
chain reaction (PCR) technique was applied and followed by restriction fragment length polymorphism assays.
The total volume of 25uL reaction mixture containing 1 U DNA Taq polymerase 16 uL buffer, 50 ng genomic
DNA, 1.5 mmol/L MgCl,, 0.2 mmol/L primers, and 0.08 mmol/L dNTPs (Promega USA). The primer
sequences are shown in table (1).PCR protocols were as follows: for Fokl C>T; initial denaturation at 95°C for
2 min followed by of 40 cycles at 95°C for 30 s, 61°C for 30 s and 72°C for 1 min. In a total volume of 25 pL,
(18) For Bsml and Apal, the DNA template was denatured at 95°C for 2 min. followedby 40 cycles of 45 s at
94°C, 45 s at optimum temperature (67°C for Apal and 60°C for Bsml), 1 min at 72°C. then final extension step
at 72°C for 2 min was added after the last PCR cycle[19].10 uL of the PCR productswere digested overnight
with 2U of by allele-specific restriction endonucleases (New England Biolabs, Hitchin, UK) using the buffers
andtemperatures recommended by the manufacturers. Digestion with the Bsml (820 bp) resulted in two
fragments (645 bp and 177 bp) and digestion with Apal (745 bp) produced two fragments of 531 bp and 214 bp
when the restriction site was present. While, digestion with the Fokl (157bp) resulted in two fragments of 121bp
and 36 bp. All the PCR products and restriction fragments were sized by electrophoresis on a 2%agarosegel
stained with ethidiumbromide[19].

Table (1) the sequences of primers for PCR amplification VDR genes

SNP The primer Base change

Fokl Sense, 5"-AGCTGGCCCTGGCACTGACTCTGCTCT-3" C>T
Antisense,5 -ATGGAAACACCTTGCTTCTTCTCCCTC-3".

Bsml Sense, 5"-CAACCAAGACTACAAGTACCGCGTCAGTGA-3’ G>A
Antisense, 5-AACCAGCGGGAAGAGGTCAAGGG3-3".

Apal Sense, 5- CAGAGCATGGACAGGGAGCAAS -3’ G>T
Antisense, 5'-GCAACTCCTCATGGCTGAGGTCTC -3,

Statistical analysis:

Data were analyzed using SPSS version 16 (SPSS Inc., Chicago, IL, USA). Normality of distribution
was assessed using kolmogorov-Smirnov Z test. Quantitative variables were expressed in means + S.Ds.
Qualitative variables were expressed in frequencies and percentages. Univariate analysis was performed by
kruskal-Wallis test for quantitative data and by chi-square test (X?) or Fisher exact test (where appropriate) for
qualitative data. Multinomial logistic regression was performed to determine independent predictors for
different outcomes. Statistical significance was set at 0.05 level.
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I11.  Results

Demographic and clinical parameters:

The demographic and laboratory parameters of the study population are presented in tables (2) and (3).
There was no significant difference between different groups in their age. However, The HBV patients with
HCC had a higher significant proportion of smokers compared with the other three groups (P<0.05). In addition,
HBV patients with HCC and the other three groups without HCC had statistical significant different laboratory
results for bilirubin (total and direct), AST, ALT, ALB and GGT, (P<0.001). Serum AFP levels were compared
among different VDR genotype carriers in HCC patients. It was found that HCC patients with Fokl TT genotype
had a much higher AFP level than those with CT and CC (P< 0.01 versus CC and P<0.05versus CT,
respectively). The AFP levels were similar among Bsml and Apal genotype carriers (data not shown in the
tables). Results showed variation in AFP levels among different groups where the maximal level was detected in
HCC group followed by HBV patients with cirrhosis (Mean £ SD were 781 + 328.4 and 141+ 41ng/ml
respectively).

Genotype and allele distributions of the VDR:

The genotype frequencies of VDR gene among the studied subjects are presented in table (4). The

genotype frequencies of VDR Fokl C>T polymorphism were significantly different among the studied
groups.HCC patients and HBV patients with cirrhosis had higher prevalence of FokITT genotype(38.1% and
31.2% respectively) than HBV patients without cirrhosis and controls (15.2% and12%, respectively).Regarding
allele comparison, HCC subjects had significantly (P<0.05) higher T allele frequency than controls. Regarding
SNPs of Bsml and Apal, their genotype and allele frequencies there was no significant difference
(P<0.05)between HCC and other three groups.
In multinomial logistic regression (table 5) the predictors for developing HBV without cirrhosis were AST and
Total bilirubin while the predictors for developing HBV with cirrhosis were albumin, total bilirubin and
smoking. Finally, predictors for developing HCC were ALT, AST, albumin, Total bilirubin, Fokl, T allele and
smoking.

Table (2): Demographic data of the studied groups.

Control group | HBV without cirrhosis | HBV with cirrhosis HBV with HCC
(n=50) (n=59) (n=48) (n=55)
Age (Mean+ SD) | 56.8+5.6 57.4+6.2 58.7+55 57.2+65
Gender 33 (66.0.7%) 39 (78.0%) 31 (64.0%) 42 (76.0%)
Male 10 (33.0%) 20 (22.0%) 17 (36.0%) 21 (24.0%)
Female
Smoking 27 (54.0%) 30 (50.8%) 27 (56.2%) 44 (80%)
Yes 23 (46.0%) 29 (49.2%) 21 (43.8%) 11 (20%)
No
Table (3): Biochemical laboratory parameters among different studied groups.
Parameters Control group HBV without cirrhosis HBV with cirrhosis | HBV with HCC
(n =50) (n =59) (n=48) (n =55)
AFP (ng/ml) 31+1.3 76+7 142.7 + 41.4° 786.9 + 331.4°
ALT (IU/L) 25+3 112.6 +37.3° 42 +31.3 55.6 £ 13.2
AST(IU/L) 22+6 73.1+37.3% 42 +37.4° 60.4 + 20.3°
GGT (IU/L) 152+5.1 28.1+7.1° 58+11.1° 105 + 32.5°°
Albumin (g/d1) 4+1 3.6+0.4 2.6+0.6 1.7+0.7°°
T-Bil. (mg/dl) 0.8+0.3 25+17° 6.5+ 1.6 15.1 £ 7.4*°
D-Bil. (mg/dl) 0.1+0.03 0.5+02° 2+0.7° 5514

“Significant difference from control group, (X test P value < 0.05).
*Significant difference from cirrhosis group, (X? test P value < 0.05).
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Table (4): the genotype frequencies of VDR genes among different studied groups.

Genotypes Control group HBV without cirrhosis HBV with cirrhosis HBV with HCC
(n =50) (n=59) (n=48) (n=55)
Fokl 21(42%) 23(39%) 12(25%) 11(20%) ®
cC 23(46%) 27(45.8%) 21(43.8%) 23(41.8%)
CT 6(12%) 9(15.2%) 15(31.2%)* 21(38.1%)*
TT 65(65%) 73(61.6%) 45(46.9%) 45(40.9%)
C allele 35(35%) 45(38.1%) 51(53.1%) 65(59.1%)*
T allele
Bsml 19(38%) 27(45.7%) 21(43.7%) 24(43.6%)
GG 24(48%) 25(43.4%) 20(41.7%) 23(41.8%)
GA 7(14%) 7(11.8%) 7(14.6%) 8(14.5%)
AA 62(62%) 79(66.9%) 62(64.6%) 71(64.5%)
Gallele 38(38%) 39(33.1%) 34(35.4%) 39(35.5%)
Aallele
Apal 14(28%) 21(35.6%) 15(31.3%) 13(23.6%)
GG 23(46%) 28(47.5%) 20(41.7%) 28(50.9%)
GT 13(26%) 10(16.9%) 13(27.0%) 14(25.4%)
TT 51(41%) 70(59.3%) 50(52.1%) 54(49.1%)
G allele 49(49%) 48(40.7%) 46(47.9%) 56(50.9%)
T allele

*Significant difference from control group, (X° test, P value < 0.05).
> Significant difference from localized HCC group, (X? test, P value < 0.05).

Table (5): Multinomial logistic regression for comparison between HBV groups and control.

variables HBYV without cirrhosis HBV with cirrhosis HBV with HCC

(n=59) (n=48) (n=55)

OR P value OR P value OR P value
AFP (ng/ml) 1.2 0.997 2.3 0.993
ALT (IU/L) 2.1 0.881 1.08 0.0001
AST(IU/L) 1.1 0.0001 1.06 0.0001
GGT (IU/L) 45 0.908 2.05 0.958 4.7 0.892
Albumin (g/dl) 0.20 0.0001 0.003 0.0001
T-Bil. (mg/dl) 4.1 0.001 2.1 0.003 7.7 0.0001
D-Bil. (mg/dl) 1.1 0.975 1.2 0.986 2.03 0.966
Fokl -
cC 0.66 0.430 0.15 0.001
TT 0.78 0.588 0.29 0.022
T allele 2.9 0.008
Smoking 1.1 0.743 0.32 0.011 0.29 0.005

Blank areas are for insignificant relations in univariate analysis.

1000bp =>
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100 bp
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Fig.1: Gel electrophoresis of PCR products and restriction fragments: Lane 2 shows Bsml PCR
product (820 bp) and in lane 3 restriction fragments (645 bp and 177 bp). Lane 4 shows Apal PCR
product (745 bp) and in lane 5 restriction fragments (531 bp and 214). Lane 6 shows Fokl PCR
product (157 bp) and in lane 7 restriction fragments (121 bp and 36).
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IV.  Discussion

Hepatocellular carcinoma (HCC) is the fifth most common cancer and the third leading cause of
cancer-related death worldwide [1], accounting for 85% to 90% of primary liver cancers [20]. A better
understanding of the mechanism involved in HCC is essential to develop new preventions and modify the
existing therapies. It is established that HCC is a complex disease for which the underlying causes remain
exactly unclear. In this study the VDR gene polymorphism was studied to determine whether the genetic factors
are related to the occurrence of HBV-related HCC. Viral hepatitis may increase of oxidative stress in hepatocyte
that leads to DNA changes and instability and increase the risk of developing cirrhosis and HCC [21,22]. Some
previous studies provided evidence that genetic polymorphisms of certain genes including VDR gene may
involved the HCC occurrence in HBV infected patients [23,24,25,26].0ur study showed that only the Fokl C>T
polymorphism were associated with the HCC susceptibility in patient with chronic HBV infection; the other
SNPs, including Bsml and Apal were not related with the development of either HCC or liver cirrhosis. The
HCC and liver cirrhosis patients had a significantly higher rate of Fokl C>T polymorphism, suggesting that this
SNP in the VDR gene at Fokl locus may increase HCC risk through enhancing the occurrence of liver cirrhosis.
The Fokl fragment SNP is located in the coding region of the VDR gene the responsible for production of a
VDR variant protein which is three amino acids longer and functionally less effective than the regular one [27].
Avrai et al.,[28] demonstrated that Fokl C/C had 1.7-fold greater vitamin D reporter activation function than Fokl
T/T genotype. They has been hypothesized that this less effective function could be associated with either an
increased susceptibility to cancer risk or to a more aggressive disease.

Our result are in accordance with Penget al.,[7] who reported that VDR Fokl C>T polymorphisms may
contribute to increased susceptibility to HBV-related HCC in the Chinese population. Also Vogel et
al..[29]reported a significant increase of the Fokl C>T SNP in autoimmune hepatitis patients and primary biliary
cirrhosis indicating a genetic link of VDR polymorphisms to autoimmune liver diseases. Also, Fan et al.,[30]
reported a significant difference in Fokl polymorphism between autoimmune hepatitis patients and controls. On
the other hand, Falleti et al.,[18] reported that GG genotype of Bsml was significantly associated with
occurrence of HCC in the Italian patients. Although many factors may be account for the discrepancies among
these studies, the ethnic differences should be predominately considered since Fan et al.[30] found the
distribution of Fokl, Bsml and Apal gene types significantly differed between Chinese and Caucasian healthy
populations. The prognostic role of Fokl C>T polymorphism in cancer patients has been reported. Hama et
al.,[31] reported the VDR Fokl TT genotype was associated with a poor progression and low survival rate in
patients with squamous cell carcinoma. In contrast, the other polymorphisms (Bsml and Apal) showed no
significant associations with the survival rate in this carcinoma. In this study, no prognostic analyses wasn’t
available however, it was noted that the TT genotype carriage of Fokl C>T polymorphism was associated with
more advanced tumor stage and worse tumor differentiation. In addition, the TT carriers had higher serum AFP
level than CC and CT carriers. Some limitation in this study should be mentioned; first, no information was
available regarding vitamin D intake and circulating vitamin D levels of the studied subjects. Also, information
about alcohol intake that may influence liver health status were not available due to social and religious causes.
Second, the study included only subjects with HBV infection hence, due to the fact that HCV infection is
another major cause for HCC in our country, future study with larger sample size including HCV subjects is
warranted.

V.  Conclusion
In conclusion, this study suggested that the VDR Fokl TT polymorphisms were associated with a
significantly increased risk of HBV-related HCC. These results may suggest that Fokl C>T polymorphisms
could be used as a molecular risk for development of in those infected with HBV. Due to the marginal
significance and study limitations, larger well-designed epidemiological studies and functional evaluations are
recommended to confirm these findings.
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