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Abstract

Aims: The goal of the study was to investigate possible association of some single nucleotide polymorphisms
(SNPs) in the VDR gene (the Fokl, Bsml, Apal and Taqal loci), and the CYP17 gene (the MspA1I locus), and 0 or 9
TA repeats in the SRD5SA2 gene, and prostate cancer (PCa) among Lebanese men. Materials and Methods: Blood
DNA of 69 subjects with confirmed PCa and 69 controls, all about 50 years of age or older, was subjected to PCR or
PCR-restriction fragment-length polymorphism (PCR-RFLP) analyses, and the risk-bearing and the protective alleles
were identified. The odds ratio (OR) of having a genotype and the relative risk (RR) of developing PCa were calculated.
In addition, the distributions of homozygosis and heterozygosis in the risk-bearing alleles and the protective alleles
among the control and the PCa groups were compared. Results: The f allele of the VDR FokI locus and the (TA) 9
repeat allele of the SRD5SA2 gene were found to be associated with increased risks of PCa (p = 0.006 and 0.050,
respectively). Homozygosis in the risk-bearing alleles was rare both in the control and the PCa groups. A higher
fraction of the controls compared to the PCa group was double-homozygous in the two protective alleles (52.2% for
controls, 24.6% for PCa group, p = <0.001). Conclusions: To the best of our knowledge, this is the first genetic study
demonstrating the association of certain polymorphisms of the VDR gene and the SDRSA2 gene and increased risk of
PCa among Lebanese men. Our study also indicates that the overall polymorphism profile of all genes involved in
the prostate physiology is likely to be a better indicator for PCa risk than the polymorphisms in the individual genes.
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Introduction type 2 (SRD5A2) gene, have been implicated in PCa

development (Wang et al., 2016; Dianat et al., 2009, Ntais

Prostate cancer (PCa) is the second most commonly
diagnosed cancer for males and the second leading
cause of cancer deaths among males of all races
(ACS, 2016; Seigel et al., 2011). The possible risk factors
for PCa include age, diet, obesity, lifestyle, smoking,
infections and inflammation of the prostate gland,
vasectomy, exposure to certain types of chemicals, and
genetic predisposition (ACS, 2016). The incidence of
PCa is highest among Africans, followed by Caucasians
and Mongolians (Tao et al., 2015; Hsing et al., 2000).
Identification and validation of specific genetic markers
could be helpful in the screening and early diagnosis of
prostate cancer.

Polymorphisms in several genes, including the
vitamin D receptor (VDR) gene, the androgen receptor (AR)
gene, the cytochrome P-450 17 alpha-hydroxylase/C(17,
20)-lyase (CYP17) gene, and the steroid 5 alpha-reductase

et al., 2003). The VDR gene encodes a ligand-inducible
transcription factor that regulates many physiological
processes including cell growth, embryonic development
and metabolic homeostasis (Gene Cards, 2016; Feldman
and Malloy, 2014). The CYP17 gene encodes an enzyme
that controls a rate-limiting step in androgen biosynthesis
(Gene Cards, 2016; Chen et al., 2014). SRD5A2
gene encodes an enzyme that converts testosterone to
dihydrotestosterone (Gene Cards, 2016; Boer et al., 2016),
the more biologically active form of the hormone. Since
the prostate gland is an androgen-regulated organ,
polymorphisms in the CYP17 and SRD5A2 genes could
be associated with PCa.

A number of previous molecular epidemiological
studies reported certain polymorphisms of these genes as
protective or risk-bearing factors for PCa, but other studies
found no such associations (Wang et al., 2016; Norman,
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2006; Ntais et al., 2003). This may be due to racial and
ethnic differences (CDC, 2016; Hsing et al., 2000),
and the presence of both protective and risk-bearing
polymorphisms in different genes in almost every individual
(Kitts et al., 2014; Latil et al., 2001). In the present study,
we examined a number of polymorphisms in the VDR
gene, the CYP17 gene and the SRD5A2 gene among
Lebanese men with PCa and healthy Lebanese men
with no prostate disease. We analyzed the association of
polymorphisms in certain alleles of each of the three genes
individually as well as the overall polymorphisms of the
genes as a risk factor for PCa.

Materials and Methods

Study population

Men enrolled in the study were volunteers who
participated in the prostate cancer campaigns organized
by Dr. Asmahan A. El Ezzi at the Lebanese Atomic
Energy Commission in collaboration with many hospitals
and medical centers in Lebanon. All subjects were
Caucasian Lebanese men between about 50 and 70 years
of age. Informed consent to participate in the study for
PSA screening, donation of blood for DNA extraction
and storage, and using the DNA samples for molecular
research was obtained from each of the subjects in
accordance with the Declaration of Helsinki and following
the guidelines of the Institutional Review Board of
Lebanese University, Beirut, Lebanon. Prostate condition
of the subjects was examined by measuring the serum
prostate-specific antigen (PSA) level of all participants
and, if consented, by digital rectal examination (DRE).
Blood samples were withdrawn in non-fasting state, serum
was separated and stored at -30°C till the day of PSA assay.
Total PSA (PSA-T) assays were performed following
the guidelines of the kits purchased from Immunotech
(Marseille, France). For subjects with PSA-T level in
the gray zone (i.e. between 4-10 ng/ml), a free PSA test
(PSA-F) was also conducted, and the F/T PSA level was
determined, in order to help differentiate benign prostate
hyperplasia (BPH) and PCa. In addition, the International
Prostate Symptom Score (IPSS) value was determined,
and a trans-rectal prostate ultrasonography was conducted
if needed. Histological analyses of prostate biopsies
confirmed the diagnosis of prostate cancer. Sixty-nine
subjects with confirmed PCa and 69 controls were
included in the present study. The control subjects were
volunteers who had normal PSA level, normal IPSS score,
and normal DRE for two consecutive years.

DNA extraction and analysis

Blood DNA was extracted using QiaAmp DNA
Blood Mini Kit (Qiagen, Milan, Italy), and stored
at -82°C before transporting to the United Sates in
a temperature-controlled package for molecular analyses.
DNA was quantified using a NanoDrop spectrophotometer
(Thermo Fisher, Waltham, MA). The DNA samples
with A, /A, ratio between 1.8-2.0 were used for
PCR-amplification of the appropriate DNA fragments
for further analyses. The following primers were used:
VDR Fokl- 5’TGCAGCCTTCACAGGTCATA3’
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and 5’GGCCTGCTTGCTGTTCTTAC3’, VDR
Bsml- 5’CAGTTCACGCAAGAGCAGAG3’
and 5’ACCTGAAGGGAGACGTAGCA3’; VDR
Apal- 5’ACGTCTGCAGTGTGTTGGAC3’ and
5’TCACCGGTCAGCAGTCATAGS3’ (Falleti etal., 2010);
VDR Taqal- 5’CAGAGCATGGACAGGGAGCAA3’ and
5’GCAACTCCTCATGGCTGAGGTCTC3’ (Taylor et
al., 1996); CYP17- 5>CATTCGCACCTCTGGAGTC3’
and 5°’GGCTCTTGGGGTACTTG3”’
(Feigelson et al., 1997); and SRD5A2-
5’GCTGATGAAAACTGTCAAGCTGCTGA3’ and
5’GCCAGCTGGCAGAACGCCAGGAGAC3’ (Forrest
et al., 2005). The reaction mixture for PCR (15 pl)
contained 1x master mix reaction buffer containing Taq
DNA polymerase (Qiagen, Germantown MD), 20 pico
moles of the two primers, and 20 ng of template DNA.
The thermocycler (GeneAmp PCR 9700, ABI, Foster
City, CA) was programmed as the following: 94°C for 5
minutes (one cycle), 94°C for 45 sec, 57-64°C (depending
on the primer pairs used) for 45 sec, and 72°C for 60 sec,
(35 cycles); 72°C for 5 minutes (one cycle), and soak at
4°C.

For the analysis of PCR-amplified DNA with various
numbers of TA repeats of the SRD5A2 gene, the amplified
DNA was directly resolved in 6.0% polyacrylamide gels.
RFLP of various loci of the other genes was conducted
by treating the PCR-amplified DNA with 2 units of an
appropriate restriction endonuclease (i.e. Apal, Bsml,
Fokl, or Taqal for VDR gene and MspAll for CYP17
gene; all from New England Biolab, Beverly, MA). The
reaction mixture was incubated overnight in the reaction
buffer and in the incubation-temperature as suggested by
the manufacturer. The treated DNA was then resolved
in a 6% polyacrylamide gel. The gels were stained with
ethidium bromide and then documented using a digital
camera. RFLP alleles are codominant but for convenience,
the alleles having the repeat DNA or the restriction site
were considered recessive. The band pattern for different
genotypes are as the following: VDR Fokl: FF- 157
bp, Ff- 157 bp, 121 bp and 36 bp, ft- 121 bp and 36 bp,
VDR Bsml: BB- 236 bp, Bb- 236 bp, 197 bp and 39 bp,
bb- 197 bp and 39 bp; VDR Apal: AA- 211 bp, Aa- 211
bp, 172 bp and 39 bp, aa- 172 bp and 39 bp; VDR Taqal:
TT- 495 bp and 245 bp; Tt- 495 bp, 290 bp, 245 bp, and
205 bp, tt- 290 bp, 245 bp, and 205 bp; CYP17: A1/A1 (i.e.
MM)- 459 bp, A1/A2 (i.e. Mm)- 459 bp, 335 bp and 124
bp, A2/A2 (i.e. mm)- 335 bp and 124 bp; and SRD5A2:
0/0- 98bp, 0/9- 98 bp and 116 bp, and 9/9- 116 bp. Both
0/9 and 9/9 genotypes of the SRD5A?2 gene occasionally
produced three additional large-sized artifact bands that
were not scored.

Statistical analyses

Whether the distribution of the genotypes and
the frequency of alleles are in agreement with
the Hardy-Weinberg equilibrium was tested by 2 statistics
at the 0.05 % level of significance. The null hypothesis
that the population is in Hardy-Weinberg equilibrium was
rejected if the y? value was >3.84. Association between PCa
and the genotypes was assessed by calculating the odds
ratio (OR) and the 95% confidence interval (CI). The OR
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was calculated using the formula proposed by Bland and
Altman (2000), and the relative risk (RR) was calculated
using the formula proposed by Sheshkin (2004). The OR,
RR, 95% CI and p-values were calculated using MedCalc
software (MedCalc, Mariakerke, Belgium). A value of
RR >1 for a genotype is considered implicative of disease
risk relative to the alternative genotype. The genotypic
ratio among the controls and the subjects with PCa were
compared using the two-tailed z test for the difference
between two independent proportions at the 0.05 level of
significance, where the null hypothesis HO was: there is
no significant difference between the two proportions, and
the alternative hypothesis H1 was: there is a significant
difference between the two proportions. The null
hypothesis was rejected and the alternative hypothesis
that there is a significant difference between the two
tested proportions was supported only if the p-value
was < 0.05. The mean age of the control and PCa groups
was compared using MedCalc Software.

Results

Distribution of the genotypes and allele frequencies
This study included 69 cases of PCa (mean
age 66.4+8.5 years) and 69 male cohort controls
(mean age 55.8+11.0 years). The mean age of the
two groups is significantly different (p=<0.001).
The distribution of homozygous dominant, homozygous
recessive, and heterozygote genotypes are shown in Table
1. The distribution of the genotypes of almost all of the
loci were in Hardy-Weinberg equilibrium except the Apal
locus of the VDR gene (> =9.88; p-value = 0.002), and the
(TA)0-9 repeats of the SRD5A2 gene for the control group
(> =5.02; p-value = 0.025). In these two loci, the ratio of
the homozygous dominant, homozygous recessive, and
heterozygous genotypes significantly deviated from the

expected ratios.

The allele frequency for each of the examined loci of
the three genes among the controls and the subjects with
PCa is shown in Table 2. There is no significant difference
in the allele frequencies of the VDR Bsml, Apal and Taqal
loci, and the CYP17 MspA1I locus among the controls
and the subjects with PCa. The fallele of the FokI locus of
the VDR gene and the (TA) 9 allele of the SRD5A2
gene are overrepresented among the subjects with PCa
compared to the controls (p-values 0.006 and 0.050,
respectively).

Genotype frequencies and genotypic ratios

The ratio of the homozygote recessive or dominant
genotypes and heterozygote genotypes for each of
the alleles among the subjects with PCa and the controls
are shown in Table 3. The OR of having a particular
genotype for the subjects with PCa compared to
the controls and the RR of PCa for having the genotype
ratio are also shown in Table 3. In most cases, the ratio for
the subjects with PCa and the controls is not significantly
different except the following:

VDR Fokl

The ratio of FF/Ff (and FF/ff) are lower for the subjects
with PCa compared to the controls and the difference is
statistically significant (OR: 0.43, 95% CI: 0.21-0.86,
p-value=0.017, and the corresponding RR: 0.68, 95% CI:
0.49-0.94, p-value =0.021). Also, the ratio of (Ff+ff)/FF is
higher for the subjects with PCa compared to the controls
and the difference is statistically significant (OR: 2.59,
95% CI: 1.29-5.15, p-value = 0.007, and the corresponding
RR: 1.67, 95% CI: 1.14-2.44, p-value =0.009).

SRD5A2 (TA)0-9 repeats
The ratio of 00 and 09 TA repeats is significantly higher

Table 1. Allelic Distribution of VDR, CYP17 and SRD5A2 Genes among the Controls (n=69) and the Subjects with

PCa (n=69)
Genes loci/groups Observed ratio DD: Dd: dd  Expected ratio DD’: Dd’: dd’ v p values R or NR
VDR
FokI/PCa 29:36:04 32.01:29.97: 7.01 2.79 0.094
FoklI/Cont. 45:24:00 47.09: 19.83: 2.09 3.06 0.080
Bsml/PCa 12:37:20 13.48: 34.04: 21.48 0.52 0.470
BsmlI/Cont. 11:33:25 10.96: 33.08: 24.96 0.00 1.000
Apal/PCa 27:36:06 29.35:31.30: 8.35 1.55 0.213
Apal/Cont. 20:45:04 26.18:32.64: 10.18 9.88 0.002*
Taqol/PCa 21:40:08 24.36:33.28: 11.36 2.82 0.093
Taqol/Cont. 25:36:08 26.80:32.41: 9.80 0.85 0.356
SRD5A2
TA 0:9/PCa 49:17:03 47.92:19.17: 1.92 0.88 0.348
TA 0:9/Cont. 59:08:02 57.52:10.96: 0.52 5.02 0.025*
CYP17
A1:A2/PCA 19:36:14 19.84:34.32: 14.84 0.17 0.630
A1:A2/Cont. 12:41:16 15.31:34.38: 19.31 2.55 0.110

*- significant at the 0.05 level of significance. DD, Dd and dd are equivalent to; for VDR gene- Fokl, FF, Ff and ff; for Bsal, BB, Bb and bb; for
Apal, AA, Aa and aa; and for Taqal, TT, Tt and tt; for SDR5A2 TA repeats- 0/0, 0/9 and 9/9; and for CYP17 gene- MspAll, A1/Al, A1/A2 and
A2/A2, respectively. DD, Dd and dd are the observed numbers, DD’, Dd’ and dd’ are the corresponding expected numbers.
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Table 2. The Allelic Frequencies of the VDR FokI (F and f), Bsml (B and b), Apal (A and a) and Taqal (T and t),
the CYP 17 Gene MspA1l (Al and A2) and the SRD5A2 Gene TA Repeats (0 and 9 repeats) among the Controls and

Patients with PCa

Gene (allele) Control PCa OR 95% CI p-values
VDR (F) 114 (0.83) 94 (0.68) 1.00 Ref

VDR (f) 24 (0.17) 44 (0.32) 0.45 0.26-0.79 0.006*
VDR (B) 55(0.40) 61 (0.44) 1 ref

VDR (b) 83 (0.60) 77 (0.56) 1.20 0.74-1.93 0.465
VDR (A) 85 (0.62) 90 (0.65) 1 ref

VDR (a) 53 (0.38) 48 (0.35) 1.17 0.72-1.91 0.532
VDR (T) 86 (0.62) 82 (0.59) 1 ref

VDR (t) 52(0.38) 56 (0.41) 0.89 0.55-1.44 0.622
CYP17 (A1) 65 (0.47) 74 (0.54) 1 ref

CYP17 (A2) 73 (0.53) 64 (0.46) 1.30 0.81-2.08 0.279
SRD5 A2 (TA)) 126 (0.91) 115 (0.83) 1 ref

SRD5 A2 (TA,) 12 (0.09) 23 (0.17) 0.48 0.23-1.00 0.050*

*- significant at the 0.05 level of significance

among the controls compared to the subjects with PCa
and the difference is statistically significant (OR: 0.39,
95% CI: 0.16-0.98, p-value =0.045, and the corresponding
RR: 0.84, 95% CI: 0.71-0.99, p-value = 0.046). Also,
the ratio of (09+99)/00 for TA repeats is significantly
higher among the subjects with PCa compared to the
controls and the difference is statistically significant
(OR: 2.41, 95% CI: 1.03-5.63, p-value =0.042, and the
corresponding RR: 2.0, 95% CI: 1.01-3.96, p-value =
0.046).

The genotypic profile

The differences in the proportions of the subjects
homozygous in the potential risk-bearing alleles
(i.e. f of the VDR FoklI locus, and SRD5A2 (TA)9
as well as heterozygosis in these two loci) and the
potential protective alleles (i.e. F of the VDR Fokl
locus, and SRD5A2 (TA)O repeats) are shown in
Table 4. Homozygosis in the risk-bearing alleles is rare
both in the control group and the PCa group. There is
no statistically significant difference in the distribution
of 99 or ff and 99 homozygosity between the control
and the PCa groups (Table 4). However, 66.7% of
the subjects with PCa compared to 42.0% of the controls
are heterozygous in these two alleles (i.e. Ff09, Ff
or 09) and the difference is statistically significant
(p-value = <0.004). In terms of the protective alleles,
about 52.2% of the controls compared to 24.6% of the
subjects with PCa are doubly homozygous (i.e. FF00) in
the two protective alleles (p-value = <0.001). However,
homozygosis in one protective allele (FF or 00) was more
prevalent among the subjects with PCA (62.3%) compared
to the controls (43.5%) and the diffidence is statistically
significant (p=0.027). Overall, 95.7% of the control
subjects were homozygous in at least one protective
allele (i.e. had the genotype FF00, FF or 00) compared to
87.0% of the subjects with PCa (p-value= 0.070).

Discussion

Study of cancer as a public health problem of Lebanon
96 Asian Pacific Journal of Cancer Prevention, Vol 18

gained significant attention after a national cancer registry
was re-established in 2005 as an institution within
the Ministry of Public Health; and two reports, Cancer
2003 and Cancer 2004, were published in 2006 and
2008, respectively. In 2004, the population of Lebanon
was 3,946,342 and 7,197 cases of cancer were diagnosed
in that year. About 50% of the cases were men and PCa
was the third-most common cancer (behind lung cancer
and bladder cancer) among Lebanese men, with an
age-standardized incidence rate of 27.6 cases/100,000
(Shamseddine and Musallam, 2004). The incidence
rate for prostate cancer increased to 39.2 cases/100,000
by 2008, making prostate cancer the most prevalent
cancer diagnosed in Lebanon, and the trend indicates
further increase of the same (Shamseddine et al., 20014).
The current study was a part of the pioneering prostate
cancer campaign in Lebanon for molecular research on
prostatic diseases.

In the present study, we examined four diallelic
polymorphisms of the VDR gene; of them the Fokl
C/T transition is located in the exon 2, the Bsml A/G
transition and the Apal G/T transversion are located
in the intron between exons 8 and 9; and the Taqal
T/C transition is located in exon 9 of the VDR gene.
The Fokl and Taqal polymorphisms change one codon
each without altering the amino acid sequence of the
VDR polypeptide. Although none of the above mutations
alters the primary structure of the VDR polypeptide,
some of the mutations have been found associated with
varying plasma levels of the VDR ligand (Morrison et
al., 1994). Our results indicate that the FokI F allele is
protective, and the fallele of the same locus is associated
with PCa. We found no significant association of VDR
Bsml, Apal and Taqal alleles with PCa risk or specific
protection. A study on Pakistani population indicated
that the Apal A allele is protective and the Fokl and
Taqal polymorphisms have no appreciable association
with PCa (Yousaf et al., 2014). Earlier, Maistro and
colleagues (2004) found no association of Apal and
Taqol polymorphisms and the risk for PCa in a Brazilian
population. In another population study, Cheteri et al.,
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Table 3. The Genotypic Frequencies of the VDR Fokl (FF, Ff and ff), Bsml (BB, Bb and bb), Apal (AA, Aa and aa)
and Taqal (TT, Tt and tt), the CYP 17 Gene MspA 1l (A1A1, A1A2 and A2A2) and the SRD5A2 Gene TA Repeats
(00, 09 and 99 repeats) among the Controls and Patients with PCa

Locus (alleles) Control PCa OR 95%ClI p-value RR 95%CI p-values
VDR Fokl

FF/Ff 45/24 29/36 0.43 0.21-0.86 0.017* 0.68 0.49-0.94 0.021*

FF/ff 45/0 29/40 0.07 0.01-1.39 0.081 0.88 0.77-0.99 0.046*

(FF+FH)/ff 69/5 65/40 0.10 0.01-1.98 0.133 0.94 0.89-0.99 0.046*

(Ff+ff)/FF 24/45 40/29 2.59 1.29-5.15 0.007* 1.67 1.14-2.44 0.009*
VDR Bsml

BB/Bb 11/33 12/37 0.97 0.38-2.49 0.955 0.98 0.49-1.99 0.955

BB/bb 11/25 12/20 1.36 0.49-3.73 0.546 1.23 0.63-2.39 0.546

(BB+Bb)/bb 44/25 49/20 1.39 0.68-2.85 0.365 1.11 0.88-1.41 0.366

(Bb+bb)/BB 58/11 57/12 0.90 0.37-2.21 0.819 0.98 0.85-1.14 0.819
VDR Apal

AA/Aa 20/45 27/36 1.69 0.82-3.49 0.158 1.39 0.87-2.21 0.161

AA/aa 20/4 27/6 0.90 0.22-3.62 0.882 0.98 0.77-1.25 0.881

(AA+Aa)/aa 65/4 63/6 0.65 0.17-2.39 0.514 0.97 0.88-1.06 0.512

(Aataa)/AA 49/2 42/27 0.63 0.31-1.29 0.210 0.86 0.67-1.09 0.212
VDR Taq al

TT/Tt 25/36 21/40 0.76 0.36-1.58 0.455 0.84 0.53-1.33 0.457

TT/ tt 25/8 21/8 0.84 0.27-2.62 0.764 0.96 0.71-1.29 0.765

(TT+Tt)/tt 61/8 61/8 1.00 0.35-2.84 1.000 1.00 0.89-1.13 1.000

(Tt+tt)/TT 44/25 48/21 1.30 0.64-2.64 0.471 1.09 0.86-1.38 0.471
CYP17 MspAll

Al1A1/A1A2 12/41 19/36 1.80 0.77-4.22 0.174 1.53 0.83-2.83 0.179

Al1A1/ A2A2 12/16 19/14 1.81 0.65-5.01 0.254 1.34 0.80-2.26 0.264
(ATA1+A1A2)/

A2A2 53/16 55/14 1.19 0.53-2.67 0.680 1.04 0.87-1.24 0.680
(A1A2+A2A2)/

AlAl 57/12 50/19 0.55 0.24-1.25 0.156 0.88 0.73-1.05 0.157
SRD5A2 TA repeats

0/09 59/8 49/17 0.39 0.16-0.98 0.045%* 0.84 0.71-0.99 0.046*

00/ 99 5972 49/3 0.55 0.09-3.45 0.526 0.97 0.89-1.06 0.531

(00+09)/99 67/2 66/3 0.66 0.11-4.06 0.651 0.99 0.92-1.05 0.649

99/(00+09) 2/67 3/66 1.52 0.25-9.41 0.651 1.50 0.26-8.69 0.651

(09+99)/00 10/59 20/49 2.41 1.03-5.63 0.042* 2.00 1.01-3.96 0.046*

*- significant at the 0.05 level of significance

(2004) found no association between the risk of PCa and
FokI and Bsml polymorphisms of the VDR gene. Taylor
etal., (1996) observed the tt homozygosis to be associated
with a reduced risk of PCa. Another study on a Taiwanese
population revealed no association of Apal and Taqal
polymorphisms with the risk of PCa but the study found
the B allele of the Bsml polymorphism as a risk factor for
PCa (Huang et al., 2004), and a nearly identical result was
observed previously in a Japanese population (Habuchi
et al., 2000). In all, a consensus on the association of the
VDR alleles with the PCa risk, severity or prognosis of
PCa had not emerged; although it is apparent that the
association, if there is any, is affected by the race or
ethnicity (reviewed in Dianat et al., 2009).

For the CYP17 gene, we studied a single diallelic
polymorphism, the MspA1l T/C transition in the 5’UTR

of'the exon 1 (the absence of the MspA 11 site is considered
the Al allele and the presence of the restriction site is
considered the A2 allele). This transition creates a binding
site for the transcription factor Sp1, although it is uncertain
if Sp1 actually interacts with the binding site (Nedelcheva
etal., 1999). Our result indicates that the CYP17 MspA1l
alleles have no association with PCa risks. Previous studies
indicated that the A1 allele is associated with increased
risk of PCa (Habuchi et al., 2000b, Wadelius et al., 1999).
However, other groups have found an association of the
A2 allele with increased risk for PCa (for example, Song
et al., 2016; Stanford et al., 2002; Gsur et al., 2000). Yet
another study (Sivonova et al., 2012) failed to establish
any clear relationship between one or the other allele
with the risk of PCa. A meta-analysis of over 25 different
studies (Cai et al., 2012) indicated that it is unlikely that
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Table 4. The Difference in the Proportions of Homozygotes in Potential Risk-bearing (i.e. f and (TA),) Alleles and
Potential Protective (i.e. F and (TA) ) Alleles among the Control Subjects and the Subjects with PCa

Genotypes Control (n=69) PCa (n=69) p-values
Number of homozygotes in the potential risk-bearing alleles

ff99 0(0.0) 1(0.014) 0.316
ffor 99 2 (0.029) 5(0.072) 0.245
ff 99, ff or 99 2(0.029) 6 (0.087) 0.145
Number of homozygotes in the potential protective alleles

FF 00 36 (0.522) 17 (0.246) <0.001*
FF or 00 30 (0.435) 43 (0.623) 0.027*
FF 00, FF or 00 66 (0.957) 60 (0.870) 0.070
Heterozygosity in the two alleles

Ff09 2 (0.029) 7(0.101) 0.085
Ffor 09 27 (0.391) 39 (0.565) 0.041%*
Ff 09, Ffor 09 29 (0.420) 46 (0.667) 0.004*

*- significant at the 0.05 level of significance

the MspA1l polymorphisms of the CYP17 gene affect
the risk of PCa.

Of the several polymorphisms of SRD5SA2 gene
reported (Peters et al., 2010), we genotyped the diallelic
TA dinucleotide repeats (0 or 9 repeats) present in
the 3’UTR of the gene. Our results indicate that the
(TA) 0 allele is protective to PCa and the (TA) 9 allele or
(TA) 0/(TA) 9 heterozygosis is possibly associated with
an increased risk of PCa. The (TA) 9 allele is rare in the
Lebanese population and thus our result on this locus is
not statistically rigorous. Some previous studies (Rajender
et al., 2009; Neslund-Dudas et al., 2007) indicated that
the (TA) 9 allele is associated with increased risk of PCa.
Some other studies (Kachakova et al., 2016; Salam et al.,
2005) found no relationship between the longer TA repeat
and prostate cancer risk. An earlier meta-analysis indicated
that the TA repeat polymorphism might have a modest
effect on prostate cancer susceptibility (Ntais et al., 2003).

It is evident that the outcomes of the studies involving
a single polymorphism of a gene of interest or a group of
polymorphisms of one gene had not provided a dependable
model in predicting the risk of PCa, age of onset of the
disease or prognosis of the disease after therapeutic
interventions (Chen et al., 2015; Dianat et al., 2009;
Ntais et al., 2003). This may be due to racial and ethnic
differences (Dianat et al., 2009) and due to the presence of
some risk-bearing and some protective alleles of different
genes in almost every person (Kitts et al., 2014; Latil et
al.,2001). It is likely that the overall genotype profile of a
subject regarding all the critical genes involved in prostate
physiology can be a more dependable predictor of PCa,
at least for specific racial and ethnic groups. To this end,
we investigated if homozygosis in the risk-bearing alleles
(i.e. the f allele of the VDR FokI locus, and the (TA) 9
allele of SRD5A2 gene) or the protective alleles (i.e. the
F allele of the VDR FokI locus, and the (TA) 0 allele
of SRD5A2 gene) are unevenly distributed among the
subjects with PCa and the controls. Our data indicates
that there is no statistically significant difference in
the distribution of double homozygosis (i.e. ff99) between
the control and the PCa groups. However, heterozygosis in
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the two alleles is significantly higher among the subjects
with PCa compared to the control group. Finally,
a significantly higher proportion of the control subjects
are doubly-homozygous (i.e. FF00) for both protective
alleles compared the PCa group. The result indicates that
a subject heterozygous or homozygous in the risk-bearing
alleles may have a higher risk for developing PCa.

The limitations of the present study are the relatively
small sample sizes and the difference in the mean
age of the control and the PCa groups, given that PCa
is an age-related disease. However, these limitations
are difficult to overcome given that Lebanon is a small
country and it has a small population of older males that
were willing to participate in the screening campaign.
Additionally, we investigated only six alleles of three
different genes that are potentially involved in PCa.
Polymorphisms in many additional genes such as
androgen receptor gene (Kachakova et al., 2016; Huang et
al., 2003), p53, p21 and p73 genes (Simonova et al., 2015;
Mittal et al., 2011), and BCL-2 gene (Lin et al., 2016)
could be associated with cancers. The overall genotype
profile regarding all of the genes associated with PCa
could be a more dependable indicator of PCa risk of an
individual. A system biology approach had been suggested
to investigate the association of gene polymorphisms
and prostatic diseases (Prakash et al., 2002; Luo et al.,
2001). The approach is now known as the genome-wide
association studies (GWAS) of SNPs and SSLPs and
disease risks (Kar et al. 2016; Patnala et al., 2013).
However, since SNPs are extremely common, studies like
the present one involved in identification of important
SNPs relevant to disease risks of different ethnic groups
will remain useful.

Benign prostate hyperplasia (BPH) is another very
common Lower Urinary Tract Syndrome (LUTS) in the
aging men. BPH and PCa share many signs and symptoms
(Sausville and Naslund, 2010) but the signs of BPH is
more overt and they become evident earlier in the disease
progression. Thus, establishing BPH as the causal factor
for PCa could improve early diagnosis and intervention
(Orsted and Bojesen, 2013). In a previous study, we
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investigated the polymorphisms in the VDR gene,
CYP17 gene and SRD5A2 gene in Lebanese men with
confirmed BPH and observed that nearly the same set of
polymorphisms of these genes are associated with PCa and
BPH (data not shown). These results support and extend
several previous studies showing that some common
genetic polymorphisms in some of the genes are associated
with BPH as well as PCa (Hamasaki et al., 2002; Habuchi
et al., 2000; Habuchi et al., 2000b). Although BPH and
PCa are histopathologically distinct diseases and BPH
is not considered a risk factor for PCa (Chang et al.,
2012; De Nunzio et al., 2011), both BPH and PCa are
cytoproliferative diseases with similar hormonal and
inflammatory risk factors (Miah and Catto, 2014; Orsted
and Bojesen, 2013). It will be a great breakthrough if
certain attributes of BPH can be established as a predictive
sign of PCa.

Acknowledgments

This work was partly supported by a grant from
the Lebanese Council for Scientific Research, Lebanese
Atomic Energy Commission to AEE, a UVU Honors
Grant to MTB and UVU Presidential Grants to RHK.
The authors are grateful to Dr. Nabil Al-Ahmadieh, Jordan
Clawson, Jeffery Mortensen, Jonathan Hendricks, Justin
Ewell and Steven Green for technical help.

References

ACS (American Cancer Society) (2016). Key statistics for
prostate cancer, and causes, risk factors and prevention.
WWW.Cancer.org/cancer/prostatecancer/detailguide/. (date
of access: September 15, 2016).

Bland JM, Altman AJ (2000). The odds ratio. BMJ, 320, 1468.

Boer H, Westerink ND, Altena R, et al (2016). Single-nucleotide
polymorphism in the 5-a-reductase gene (SRD5A2) is
associated with increased prevalence of metabolic syndrome
in chemotherapy-treated testicular cancer survivors. Eur J
Cancer, 54, 104-11.

CDC (Center for Disease Control and Prevention) (2016).
Prostate cancer risk by age; and prostate cancer risk rates
by race and ethnicity. https://www.cdc.gov/cancer/prostate/
statistics/age.htm (date of access May 19, 2018).

Cai L, Huang W, Chou KC (2012). Prostate cancer with variants
in CYP17 and UGT2B17 genes: a meta-analysis. Protein
Pept Lett, 19, 62-9.

Chang RT, Kirby R, Challacombe BJ (2012). Is there a link
between BPH and prostate cancer?. Practitioner, 256, 13-6.

ChenY, Zhong H, Gao JG, et al (2015). A systematic review and
meta-analysis of three gene variants association with risk of
prostate cancer: An update. Urol J, 12, 2138-47.

Chen H-Y, Pang L-H, Yang D-M, et al (2014). Association study
between CYP17 gene polymorphism and endometriosis risk:
A meta-analysis. J Obst Gynecol Res, 41, 497-504.

Cheteri MB, Stanford JL, Friedrichsen DM, et al (2004). Vitamin
D receptor gene polymorphisms and prostate cancer risk.
Prostate, 59, 409-18.

Dianat SS, Margreiter M, Eckersberger E, et al (2009). Gene
polymorphisms and prostate cancer: the evidence. BJU Int,
104, 1560-72.

De Nunzio C, Kramer G, Marberger M, et al (2011). The
controversial relationship between benign prostatic
hyperplasia and prostate cancer: the role of inflammation.

Eur Urol, 60, 106-17.

Falleti E, Bitetto D, Fabris C, et al (2010). Vitamin D receptor
gene polymorphisms and hepatocellular carcinoma in
alcoholic cirrhosis. World J Gastroenterol, 16, 3016-24.

Feldman D, Malloy PJ (2014). Mutations in the Vitamin D
receptor and hereditary vitamin D-resistant rickets. Bonekey
Rep, 3, 1-11.

Feigelson HS, Coetzee GA, Kolonel LN, et al (1997). A
polymorphism in the CYP17 gene increases the risk of breast
cancer. Cancer Res, 57, 1063-65.

Forrest MS, Edwards SM, Houlston R, et al (2005). Association
between hormonal genetic polymorphisms and early-onset
prostate cancer. Prostate Cancer Prostatic Dis, 8, 95-102.

Gene Cards (2016). The human gene database. http://www.
genecards.org/ (access date September 15, 2016).

Gsur A, Bernhofer G, Hinteregger S, et al (2000). A polymorphism
in the CYP17 gene is associated with prostate cancer risk.
Int J Cancer, 87, 434-7.

Habuchi T, Suzuki T, Sasaki R, et al (2000). Association of
vitamin D receptor gene polymorphism with prostate cancer
and benign prostatic hyperplasia in a Japanese population.
Cancer Res, 60, 305-8.

Habuchi T, Liging Z, Suzuki T, et al (2000b). Increased risk of
prostate cancer and benign prostatic hyperplasia associated
with a CYP17 gene polymorphism with a gene dosage effect.
Cancer Res, 60, 5710-13.

Hamasaki T, Inatomi H, Ikuyama T, et al (2002). Significance of
vitamin D receptor gene polymorphism for risk and disease
severity of prostate cancer and benign prostate hyperplasia
in Japanese. Urol Int, 68, 226-31.

Hsing AW, Tsao L, Devesa SS (2000). International trends and
patterns of prostate cancer incidence and mortality. /nt J
Cancer, 85, 60-7.

Huang SP, Chou YH, Chang WS, et al (2003). Androgen receptor
gene polymorphism and prostate cancer in Taiwan. J Formos
Med Assoc, 102, 680-6.

Huang SP, Chou YH, Chang WS, et al (2004). Association
between vitamin D receptor polymorphisms and prostate
cancer risk in a Taiwanese population. Cancer Lett, 207,
69-77.

Kar SP, Beesley J, Amin Al Olama A, et al (2016)
Genome-wide meta-analyses of breast, ovarian, and
prostate cancer association studies identify multiple new
susceptibility loci shared by at least two cancer types. Cancer
Discov, 6, 1052-67.

Kachakova D, Mitkova A, Popov E, et al (2016). Polymorphisms
in androgen metabolism genes AR, CYP1B1, CYP19, and
SRDS5A2 and prostate cancer risk and aggressiveness in
Bulgarian patients. Turk J Med Sci, 46, 626-40.

Kitts A, Phan 1, Ward M, Holmes JB (2014). The database of
short genetic variation (dbSNP). The NCBI Handbook
[Internet] 2nd Edition. https://www.ncbi.nlm.nih.gov/books/
NBK174586/ (access date Sept 15, 2016).

Latil AG, Azzouzi R, Cancel GS, et al (2001). Prostate carcinoma
risk and allelic variants of genes involved in androgen
biosynthesis and metabolism pathways. Cancer, 92, 1130-7.

Lin YC, Lin JF, Tsai TF, et al (2016). Tumor suppressor
miRNA-204-5p promotes apoptosis by targeting BCL2 in
prostate cancer cells. Asian J Surg, 2016, 1-11.

Luo J, Duggan DJ, Chen'Y, et al (2001). Human prostate cancer
and benign prostatic hyperplasia: molecular dissection by
gene expression profiling. Cancer Res, 61, 4683-8.

Maistro S, Snitcovsky I, Sarkis AS, et al (2004). Vitamin D
receptor polymorphisms and prostate cancer risk in Brazilian
men. Int J Biol Markers, 19, 245-9.

Miah S, Catto J (2014) BPH and prostate cancer risk. Indian J
Urol, 30, 214-18.

Asian Pacific Journal of Cancer Prevention, Vol 18 99



Asmahan A El Ezzi et al

Mittal RD, George GP, Mishra J, et al (2011). Role of functional
polymorphisms of P53 and P73 genes with the risk of
prostate cancer in a case-control study from Northern India.
Arch Med Res, 42, 122-7.

Morrison NA, Qi JC, Tokita A, et al (1994). Prediction of bone
density from vitamin D receptor alleles. Nature, 367, 284-7.

Nedelcheva KV, Haraldsen EK, Anderson KB, et al (1999).
CYP17 and breast cancer risk: the polymorphism in the 5’
flanking area of the gene does not influence binding to Sp-1.
Cancer Res, 15, 2825-8.

Neslund-Dudas C, Bock CH, Monaghan K, et al (2007).
SRD5A2 and HSD3B2 polymorphisms are associated
with prostate cancer risk and aggressiveness. Prostate, 67,
1654-63.

Norman AW (2006). Vitamin D receptor: new assignments for
an already busy receptor. Endocrinology, 147, 5542-8.
Ntais C, Polycarpou A, Tsatsoulis A (2003). Molecular
epidemiology of prostate cancer: androgens and
polymorphisms in androgen-related genes. Eur J Endocrinol,

149, 469-77.

Orsted DD, Bojesen SE (2013). The link between benign
prostatic hyperplasia and prostate cancer. Nat Rev Urol,
10, 49-54.

Patnala R, Clements J, Batra J (2013). Candidate gene
association studies: a comprehensive guide to useful in silico
tools. BMC Genet, 14, 39.

Peters M, Saare M, Kaart T, et al (2010). Analysis of
polymorphisms in the SRD5A2 gene and semen parameters
of Estonian men. J Androl, 31, 372-8.

Prakash K, Pirozzi G, Elashoff M, et al (2002). Symptomatic
and asymptomatic benign prostatic hyperplasia: molecular
differentiation by using microarrays. Proc Nat Acad Sci U
SA4,99,7598-603.

Rajender S, Vijayalakshmi K, Pooja S, et al (2009). Longer (TA)
nrepeat but not A49T and V8I9L polymorphisms in SRD5A2
gene may confer prostate cancer risk in South Indian men.
J Andro, 30, 703-10.

Salam MT, Ursin G, Skinner EC, et al (2005). Associations
between polymorphisms in the steroid 5-alpha reductase
type II (SRD5A2) gene and benign prostatic hyperplasia
and prostate cancer. Urol Oncol, 23, 246-53.

Sausville J, Naslund M (2010). Benign prostatic hyperplasia and
prostate cancer: An overview for primary care physicians.
Int J Clin Pract, 64, 1740-5.

Shamseddine A, Musallam KM (2010). Cancer epidemiology
in Lebanon. Middle East J Cancer, 1, 41-4.

Shamseddine A, Saleh A, Charafeddine M, et al (2014). Cancer
trends in Lebanon: a review of incidence rates for the period
of 2003-2008 and projections until 2018. Popul Health
Metr, 12, 4.

Sheshkin DJ (2004). Handbook of parametric and nonparametric
statistical procedures. Chapman and Hall/CRC, Boca Raton,
FL.

Siegel R, Ward E, Brawley O, Jemal A (2011). Cancer statistics,
2011. CA Cancer J Clin, 61, 212-36.

Sivonova MK, Vilckova M, Kliment J, et al (2015). Association
of p53 and p21 polymorphisms with prostate cancer. Biomed
Rep, 3,707-14.

Sivonova MK, Dobrota D, Dusenka R, et al (2012). Effect of
CYP17 and PSA gene polymorphisms on prostate cancer
risk and circulating PSA levels in the Slovak population.
Mol Biol Rep, 39, 7871-80.

Song J, Tao ZH, Liu XY, Gong S, Gan L (2016). Relationship
between CYP17 gene polymorphisms and risk of prostate
cancer. Genet Mol Res, 15, 15017866.

Stanford JL, Noonan EA, Iwasaki L, et al (2002). A polymorphism
in the CYP17 gene and risk of prostate cancer. Cancer

100  Asian Pacific Journal of Cancer Prevention, Vol 18

Epidemiol Biomarkers Prev, 11, 243-7.

Tao ZQ, Shi AM, Wang KX, Zhang WD (2015). Epidemiology
of prostate cancer: current status. Eur Rev Med Pharmacol
Sci, 19, 805-12.

Taylor JA, Hirvonen A, Watson M, et al (1996). Association of
prostate cancer with vitamin D receptor gene polymorphism.
Cancer Res, 56, 4108-10.

Wang K, Wu G, LiJ, Song W (2016). Role of vitamin D receptor
gene Cdx2 and Apal polymorphisms in prostate cancer
susceptibility: a meta-analysis. BMC Cancer, 16, 674.

Wadelius M, Anderson AO, Johansson JE, et al (1999). Prostate
cancer associated with CYP17 genotype. Pharmacogenetics,
9, 635-9.

Yousaf' N, Afzal S, Hayat T, et al (2014). Association of vitamin
D receptor gene polymorphisms with prostate cancer risk
in the Pakistani population. 4sian Pac J Cancer Prev, 185,
10009-13.

Golsl

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.



