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Abstract

significantly associated with increased risk of HCC.

cirrhosis.

liver cirrhosis.

Background: HCV is a major risk factor for HCC, however, the exact mechanism of hepatocarcinogenesis is still not
fully understood. Host genetic factors have been reported to play a significant role. Experimental studies support
the tumor inhibitory effect of vitamin D on HCC cells. Several single nucleotide polymorphisms (SNPs) have been
depicted in the vitamin D receptor (VDR) gene. We aimed to assess whether any of these polymorphisms could be

Results: This study was conducted on 76 patients with HCV-related liver cirrhosis (48 patients had HCC on top of
cirrhosis, and the other 28 had liver cirrhosis only). All patients underwent full medical history assessment, clinical
examination, laboratory investigations, abdominal ultrasonography, and genotyping of the VDR gene. HCC patients
had a significantly higher frequency of Apal CC genotype compared with those patients without HCC. There is no
statistically significant difference between the studied groups at any Tagl genotypes, but the carriage of the Apal
CC genotype had a significant association with liver disease severity in both patients groups compared with Apal
CA/AA genotypes. The carriage of the Apal CC genotype was an independent predictor for HCC in HCV-related liver

Conclusions: VDR Apal polymorphism is significantly associated with the development of HCC; thus, Apal CC
genotype could be used as an important molecular marker to predict the risk of HCC in patients with HCV-related

Keywords: Vitamin D receptor, Gene polymorphism, Hepatocellular carcinoma, Hepatitis C virus, Liver cirrhosis

Background

HCV is a major worldwide health problem. Globally, es-
timates indicate that about 71 million people are chron-
ically infected [1]. The major complications of chronic
HCV are hepatic fibrosis, cirrhosis, and hepatocellular
carcinoma (HCC) [2].

HCC is considered to be the 6th common cancer all
over the world, and it is accounting for 75 to 85% of pri-
mary liver cancers. HCC is in the fourth place as a cause
of cancer death [3]. Besides HCV, there are a number of
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other risk factors that are suspected to cause HCC, in-
cluding chronic HBV, non-viral cirrhosis, alcohol, non-
alcoholic  fatty liver disease (NAFLD), aflatoxin,
hemochromatosis, Wilson’s disease, family history or
genetic factors, and smoking [4].

The relationship between HCV and HCC is well
known; however, the exact mechanism of carcinogenesis,
including the host and viral factors, is not fully under-
stood [5]. Different genetic factors are accused as a con-
tributing factor for HCC in patients with chronic HCV,
particularly gene polymorphisms of diverse inflamma-
tory cytokines [6].

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://crossmark.crossref.org/dialog/?doi=10.1186/s43066-020-00067-3&domain=pdf
http://orcid.org/0000-0001-9998-668X
http://creativecommons.org/licenses/by/4.0/
mailto:osamelaal74@yahoo.com

Galal et al. Egyptian Liver Journal (2021) 11:3

Page 2 of 9

Table 1 Size of DNA fragments following digestion with Apal and Tagl restriction enzymes

Restriction Size of restriction fragments and genotypes

enzyme Homozygous polymorphism Heterozygous polymorphism No polymorphism

Apal 531, 214 bp (CC genotype) 745, 531, 214 bp (CA genotype) 745 bp (AA genotype)
Taql 290, 245, 205 bp (GG genotype) 495, 290, 245, 205 bp (GA genotype) 495, 245 bp (AA genotype)

Vitamin D is a systemic hormone which is involved in
the bone metabolism, but it also has a significant role in
immunoregulation and cellular differentiation. Addition-
ally, it has different anti-inflammatory and anticancer
mechanisms through the vitamin D receptor (VDR) [7].
Studies have attributed the anticancer effect of vitamin
D to its induction of cellular differentiation, prolifera-
tion, and angiogenesis inhibition, and hindering the pro-
gression of apoptosis as well [8].

The VDR is a nuclear hormone receptor that com-
bines with the active form of vitamin D (1,25(OH),Ds;
calcitriol) and reacts with characteristic nucleotide se-
quences of target genes to perform its final biologic ef-
fects. The VDR gene is quite polymorphic and located
on the 12q13.11 chromosome. Single nucleotide poly-
morphisms (SNPs) are frequently determined, and some
of them are linked to carcinogenesis [9, 10].

Currently, data on VDR polymorphisms and their rela-
tionship with HCC are limited and extremely discordant
[11]. As far as we know, there are a few published arti-
cles that have addressed such a relationship in Egyptian
patients with HCV-related liver cirrhosis.

Table 2 Baseline patient characteristics

Parameter Group P value
HCC- (n = 28) HCC+ (n = 48)
Age
Mean + SD 575+729 56.94 + 6.82 0.736
Median (range) 56.5 (41-70) 55.5 (42-75)
Sex
Male (M) 20 (71.4%) 36 (75%) 0.733
Female (F) 8 (28.6%) 12 (25%)
Smoking 3(10.7%) 4 (8.3%) 0.704
Hypertension 8 (28.6%) 10 (20.8%) 0444
Diabetes mellitus 9 (32.1%) 17 (35.4%) 0.772
Child class
A 4 (14.3%) 8 (16.6%) 0.78
B 10 (35.7%) 20 (41.7%)
C 14 (50%) 20 (41.7%)
MELD score
Mean + SD 16.82 + 4.99 16.02 + 535 0.521
Median (range) 17.5 (8-25) 16 (6-31)

HCC hepatocellular carcinoma
P value < 0.05 is statistically significant

Methods

Seventy-six patients with HCV-related cirrhosis (56
males and 20 females, with age range 41-75 years) were
included during the period from May 2017 to December
2018 in a cross-sectional study.

Forty-eight patients had HCC on top of liver cirrhosis
[single or multiple more than 1cm] (group HCC+) (36
males (75%), mean age 56.94 + 6.82 years), while 28 pa-
tients had no HCC (group HCC-) (20 males (71.4%),
mean age 57.5 + 7.29 years). The study protocol was ap-
proved by the ethics committee of our institute. In-
formed written consent was obtained from all patients
before inclusion in the study.

The exclusion criteria were the presence of other fac-
tors that could cause hepatocellular injury such as HBV
co-infection (HBsAg-negative), history of alcoholism,
autoimmune hepatitis (normal autoimmune markers;
smooth muscle antibodies (SMA), anti-nuclear anti-
bodies (ANA), and liver-kidney microsomal type 1 anti-
bodies (LKM-1)), primary cholangitis (serum bilirubin
and alkaline phosphatase levels, and MRCP in suspected
cases), and primary biliary cirrhosis (negative anti-
mitochondrial antibodies (AMA)).

All patients underwent complete medical history as-
sessment, clinical examination, laboratory investigations,
and abdominal ultrasonography. Abdominal triphasic
CT scan was done if a hepatic focal lesion was detected
on ultrasonography for the diagnosis of HCC.

The criteria for HCC diagnosis by CT were arterial
phase enhancement pattern with rapid washout in the
portal venous phase [12], liver disease severity estimated
by Child-Turcotte-Pugh (CTP) classification [13], and
model for end-stage liver disease (MELD) score [14].

Table 3 Distribution of frequencies of VDR genotypes at Apal
and Tagl loci among the two groups

Parameter Group P value
HCC- (n = 28) HCC+ (n = 48)

Apal genotype
CC (n=44) 6 (21.4%) 38 (79.1%) < 0.001
CA(n=19 12 (42.9%) 7 (14.6%)
AA (n=13) 10 (35.7%) 3 (6.3%)

Tagl genotype
GA (n=12) 6 (21.4%) 6 (12.5%) 0.341
AA (n = 64) 22 (78.6%) 42 (87.5%)

P value < 0.05 is statistically significant
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Detection of VDR polymorphisms

PCR (polymerase chain reaction)

Genomic DNA was obtained from the buffy coat col-
lected from EDTA blood using the QIAamp DNA Mini
Kits (QIAGEN, Milan, Italy). The Ap fragment of the
VDR gene containing the Apal and Tagql restriction sites
was amplified by PCR assay by using 200 ng of the gen-
omic DNA in a total reaction volume of 50 uL. The PCR
mix according to the manufacturer’s instructions con-
sisted of 25 pL of master mix (Bioline, England) and
2.5 uL of each primer (10 pmol): forward (5'-CAGAGC
ATGGACAGGGAGCAA) and reverse (5'-GCAACTCC
TCATGGCTGAGGTCTC)®. Thirty-five cycles of ampli-
fication were performed in a thermal cycler (T Gradient
- Biometra). After the initial denaturation of DNA at 95
°C for 2 min, each cycle consisted of a denaturation step
at 94 °C for 45s, optimization of the primer annealing
step modified to be at 58 °C for 1 min, an extension step
at 72 °C for 1 min, and a final extension step at 72 °C for
7 min following the last cycle [15].

PCR products were analyzed on 2% agarose gel stained
with ethidium bromide. The stained gels were visualized
and analyzed with a gel documentation system to assess
the size of PCR amplicon 745 bp.
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RFLP assay (restriction fragment length polymorphism)

The amplified PCR products were then digested with the
restriction endonucleases (Apal and Taql). For each
endonuclease digestion reaction, 21.5puL of the PCR
product was digested with 1 uL (10 U) of the restriction
enzyme Apal (Jena Bioscience, Germany) or Taql (Jena
Bioscience, Germany), and 2.5 puL of restriction enzyme
buffer “1x.” The resulting reaction solution (25 uL) was
incubated at 37 °C for 1h, then electrophoresed on 2%
ethidium bromide-stained agarose gel, and visualized
under UV illumination through a gel documentation sys-
tem. Through a direct comparison with 100-bp DNA
ladder (Jena Bioscience, Germany), the size of the DNA
fragments was assessed. The restriction fragments gener-
ated after digesting the target gene by Apal and Taql re-
striction endonucleases are shown in Table 1.

Statistical analysis

Data were analyzed using the IBM SPSS Statistics for
Windows, version 25 (IBM Corp., Armonk, NY, USA).
Quantitative data were expressed as mean * standard
deviation, median, and range. Qualitative data were
expressed as number and percentage. Quantitative data
were tested for normality by the Shapiro—Wilk test. The
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and 13 represent no polymorphism (AA genotype; 745 bp band)

Fig. 1 Representative gel picture showing the PCR-RFLP analysis of Apal VDR gene polymorphism on ethidium bromide-stained 2% agarose gel.
M, marker (100 bp DNA ladder); lanes 4, 5, and 7 represent homozygous polymorphism (CC genotype; 531 and 214 bp bands); lanes 1, 2, 3, 6, 8, 9,

Gabiids 2
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Mann—Whitney U test and Kruskal-Wallis H test were
used for data which were not normally distributed. Inde-
pendent samples ¢ test and one-way ANOVA test were
used for normally distributed data. The chi-square (%)
test and Fisher’s exact test were used for the comparison
of qualitative variables as appropriate. Univariate and
multivariate binary logistic regression analyses were used
to determine the predictor variables of HCC. A 5% level
was chosen as a level of significance in all statistical tests
used in the study.

Results
The demographic variables, smoking status, comorbid
illness, some laboratory data, Child class, and MELD
score of the patient groups are summarized in Table 2.
The frequency distribution of VDR genotypes at Apal
and Taql loci was summarized in Table 3. The HCC+
group had a statistically significant higher frequency of
Apal CC genotype compared to the HCC- group (P <
0.001). However, no statistically significant difference was
found between the studied groups and any Taql genotypes.
The digestion products of the VDR gene by Apal and
Taql restriction enzymes were shown in Figs. 1, 2, 3, and 4.
The relation between the different Apal genotypes and
the severity of the liver disease among both groups is
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demonstrated in Table 4. In HCC- group, the carriage
of the Apal CC genotype was associated with a more se-
vere liver disease (100% were Child C; MELD 20.33 *
1.37; P = 0.011 and 0.01, respectively), compared to Apal
CA genotype (58.4% were Child C; MELD 17.92 + 4.85)
and Apal AA genotype (10% were Child C; MELD 13.4
+ 4.69). Additionally, in the HCC+ group, the carriage of
the Apal CC genotype had a significant association with
severe liver disease (52.6% were Child C vs. 0% for Apal
CA and AA genotypes; P = 0.003), Apal CC carriers had
the highest MELD score (P = 0.001). There is no signifi-
cant difference between Taql genotypes and liver disease
severity among the studied groups.

Both univariate and multivariate binary logistic regres-
sion analyses confirmed that the carriage of the Apal CC
genotype (odds ratio (OR) 37.71, 95% confidence interval
(Clysy) 5.83—-244.12, P < 0.001) and platelet count (OR
1.02, Clysy 1.002-1.04, P = 0.01) were independent pre-
dictors for HCC development in patients with HCV-
related liver cirrhosis (Table 5).

Discussion

The development of HCC is a complicated and multi-
factorial process, in which both environmental and gen-
etic factors play a role in carcinogenesis. The association

and 5 represent no polymorphism (AA genotype; 745 bp band)

Fig. 2 Representative gel picture showing the PCR-RFLP analysis of Apal VDR gene polymorphism on ethidium bromide-stained 2% agarose gel.
M, marker (100 bp DNA ladder); lanes 4, 6, and 7 represent heterozygous polymorphism (CA genotype; 745, 531, and 214 bp bands); lanes 1, 2, 3,
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between SNPs and HCC has been reported by numerous
studies. These genetic traits may alter the natural history
of cirrhosis and explain to some extent the observed dif-
ferences in the risk of HCC development [16].

Interestingly, SNPs in the VDR gene are implicated in
carcinogenesis in different organs such as the breast,
prostate, skin, colon and rectum, and kidneys [17].

Here, we investigated the relationship between Apal
and Taql VDR gene polymorphisms and HCC in pa-
tients with HCV-related liver cirrhosis.

We demonstrated that cirrhotic patients with HCC
on top had a significantly higher frequency of VDR
Apal CC genotype compared to those patients who
do not have HCC. Our results agree with previous
studies [5, 15, 18, 19]. Some studies are matching us;
they did not find a significant association between
HCC and Taql polymorphism [5, 15].

We investigated the implication of VDR Apal and
Taql polymorphisms on the liver disease severity in both
liver cirrhosis and HCC patients. The carriage of the
Apal CC genotype had significantly more severe liver
disease (Child C and higher MELD score) compared to
Apal CA/AA genotypes, while the carriage of Taql geno-
types was not related to disease severity. These results
came in agreement with Hung et al. [5] and Mohammed
et al. [15].
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On the contrary, Triantos et al. [20] reported that
the carriage of VDR Apal AA and Taql AA genotypes
was associated with more severe liver disease com-
pared to Apal CC/CA and Taql GG/GA genotypes,
respectively. This conflict could be simply explained
by the difference in the inclusion criteria as Triantos
et al. [20] investigated patients with chronic liver dis-
ease whatever the cause (viral, autoimmune, crypto-
genic, etc.) and not complicated by HCC on top,
while in our study, we selected only the HCV-related
cirrhotic patients.

On addressing the risk factors for the development
of HCC among HCV-related liver cirrhosis patients in
this study, univariate binary logistic regression ana-
lysis was performed on age, sex, smoking, diabetes
mellitus, Child and MELD scores, platelet count, and
VDR Apal and Taql genotypes. Only platelet count
and the carriage of the Apal CC genotype were the
factors significantly associated with HCC develop-
ment; this was confirmed by multivariate binary logis-
tic regression analysis.

The present study reported that the carriage of the
Apal CC genotype was an independent risk factor, pro-
posing that the Apal CC polymorphism may be a good
molecular marker to predict the risk of HCC in patients
with HCV-related liver cirrhosis. This agrees with Asal
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Fig. 3 Representative gel picture showing the PCR-RFLP analysis of Tagl VDR gene polymorphism on ethidium bromide-stained 2% agarose gel.
M, marker (100 bp DNA ladder); lanes 1, 2, 3,4, 5,6, 7, 8,9, 10, and 13 represent no polymorphism (AA genotype; 495 and 245 bp bands)
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Fig. 4 Representative gel picture showing the PCR-RFLP analysis of Tagl VDR gene polymorphism on ethidium bromide-stained 2% agarose gel.
M, marker (100 bp DNA ladder); lanes 1, 2, and 3 represent heterozygous polymorphism (GA genotype; 495, 290, 245, and 205 bp bands); lane 4
represents no polymorphism (AA genotype; 495 and 245 bp bands)

Table 4 Relationship between the individual Apal genotypes and severity of liver disease among the two groups

Parameter Apal genotype P value
HCC- group CC(n=6) CA (n=12) AA (n=10)
Child class
A 0 (0.0%) 1(8.3%) 3 (30%) 0.011
B 0 (0.0%) 4 (33.3%) 6 (60%)
C 6 (100%) 7 (58.4%) 1 (10%)
MELD score
Mean £ SD 2033 £ 1.37 1792 + 485 134 + 4.69 0.01
Median (range) 20.5 (18-22) 17.5 (9-25) 12.5 (8-21)
HCC+ group CC (n = 38) CA(n=7) AA (n =3)
Child class
A 4 (10.5%) 4 (57.1%) 0 (0.0%) 0.003
B 14 (36.9%) 3 (42.9%) 3 (100%)
C 20 (52.6%) 0 (0.0%) 0 (0.0%)
MELD score
Mean £ SD 1737 £ 492 9.57 + 326 14 £ 265 0.001
Median (range) 17 (8-31) 8 (6-16) 15 (11-16)
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Table 5 Univariate and multivariate binary logistic regression analysis of predictor variables of HCC in patients with HCV-related liver

cirrhosis

Characteristics Univariate analysis

Multivariate analysis

OR (Clgso) P value OR (Clgso) P value

Age 0.99 (0.92-1.06) 0732
Sex

Male 1.2 (042-342) 0.733

Female 1
Smoking

No 1

Yes 0.76 (0.16-3.66) 0.73
Diabetes mellitus

No 1

Yes 1.16 (043-3.11) 0.772
Child class

A 1

B 1(0.24-4.14)

C 0.71 (0.18-2.84) 0633
MELD score 0.97 (0.89-1.06) 0516
Platelets 1.02 (1.002-1.04) 0.024 1.02 (1.002-1.04) 0.01
Apal genotype

AA 1 1

CA 1.94 (0.39-9.55) 0413 1.96 (0.29-12.94) 0.486

CcC 21.11 (448-99.58) < 0.001 37.71 (5.83-244.12) < 0.001
Taqgl genotype

AA 1

GA 0.524 (0.15-1.82) 0.308

OR odds ratio, Clgs% 95% confidence interval

et al. [18] and EIl-Edel et al. [19]. Additionally, the Apal
CC genotype was reported to be associated with HCC
development in non-cirrhotic patients with chronic
HCV [5, 15].

Related studies of several polymorphisms in the VDR
gene have been done to investigate their implication on
the risk of HCC, although with different results. Falleti
and his colleagues [21] demonstrated that the carriage of
the Bsml GG and Taql TT genotypes were significantly
associated with HCC development in post-liver trans-
plantation patients. However, this study was performed
more particularly on patients with alcoholic cirrhosis,
not other etiology of liver cirrhosis, where the carriage
of the BAT [ATC] and [GTT] haplotypes was independ-
ently associated with an increased risk of HCC. This dis-
crepancy could be explained by the low number of
patients in the subgroup analysis of virus cirrhotic
patients.

Peng et al. [10] reported that the carriage of the Fokl
TT/CT genotypes was associated with increased HBV-
related HCC risk as compared to the FokI CC genotype.

Some investigators in previous researches [15, 22—24]
have reported that the carriage of the Fokl TT genotype
had a significantly higher risk for HCC after adjustment
of other associated risk factors in those chronically in-
fected with viral hepatitis. In addition, it was found that
the FokI TT genotype was associated with advanced
tumor stage and lymph node involvement.

On the contrary, Huang et al. [25] reported that VDR
polymorphisms could influence the distinct clinical phe-
notypes in HBV carriers, but are not associated with
HCC proposing a limited role of the VDR gene polymor-
phisms in carcinogenesis. However, a biochemical evi-
dence obviously reported the inhibitory effect of vitamin
D and its analogs on HCC cells [26]. Moreover, it had
been described that the antiproliferative effect of vitamin
D against malignant cells depends on the intracellular
VDR level [27, 28].

Conclusions
In our country, the increasing HCC incidence is a re-
sult of the high prevalence of HCV, estimated to be
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around 14% in the general population [29, 30]. How-
ever, HCC is usually asymptotic, and diagnosis is usu-
ally made on an accidental basis. We suggested that
the Apal CC genotype may be used as a molecular
marker to predict the risk of HCC in patients with
HCV-related liver cirrhosis particularly in thrombocy-
topenic patients.
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