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Association of polymorphisms in PRKCI gene and risk of prostate cancer in a sample of
Iranian Population
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Abstract

The atypical protein kinase C iota (aPKCt) is an oncoprotein encoded by the PRKCI gene. It has been reported to play multifunctional roles in cellular maintenance,
cell proliferation, survival, differentiation and apoptosis. In the present study we aimed to assess the impact of PRKCI rs546950 C>T and rs4955720 C>A polymor-
phisms on prostate cancer (PCa) risk in a sample of Iranian population. This case-control study was done on 169 patients with pathologically confirmed PCa and
182 benign prostatic hyperplasia (BPH). The PCR-RFLP method was used for detection rs546950 C>T and rs4955720 C>A polymorphisms. Our findings showed
that rs546950 polymorphism of PRKCI decreased the risk of PCa in codominant (OR=0.35, 95%CI=0.19-0.64, P<0.001, CT vs CC) and dominant (OR=0.39,
95%CI1=0.22-0.69, P=0.001, CT+TT vs CC) inheritance model tested. No significant association was found between 1s4955720 C>A polymorphism and PCa. In the
combined analysis of these two variants subjects carrying CT/CC, CT/CA, TT/AA and CT/AA significantly decreased the risk of PCa in comparison with rs546950
CC/rs4955720 CC genotype. Haplotype analysis indicated that rs546950T/rs4955720A decreased the risk of PCa compared to CC. In conclusion, the results revealed

that PRKCI 1s546950 variant decreased the risk of PCa in an Iranian population. Further studies with larger sample sizes and different ethnicities are required to

confirm our findings.
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Introduction

Prostate cancer (PCa) is the most common cancer
among men in the United States (1). It is increased ra-
pidly in most of the low-risk populations. In Iran, the
incidence rate of PCa is approximately 9.6 per 100,000
(varying from 3.2 to 16.0 per 100,000 according to dif-
ferent geographical setting) (2, 3). This is comparable
to Asia-Pacific region (9.9 per 100,000) but signifi-
cantly lower than the world (32.8 per 100,000) (4). The
median age at diagnosis is approximately 66 years and
the 5-year survival rate of PCa has been estimated to be
98.9% (5).

Accumulated evidence implies that genetic varia-
tions may contribute to the development and progres-
sion of PCa (6-8). Genome-wide association studies
(GWASs) have shown an association between single
nucleotide polymorphisms (SNPs) and risk of PCa (9-
13). These findings propose that genetic susceptibility
may play a potential role in the etiology of PCa.

Protein kinase C (PKC) includes a family of at least
12 distinctive serine/threonine kinase isoenzymes that
have essential roles in transmembrane signal trans-
duction pathways and have been described to regulate
cell proliferation (14), differentiation (15), cell-to-cell
interaction (16), secretion (17), cytoskeletal functions
(18), gene transcription (19), apoptosis (20, 21), and
drug resistance (22). Atypical protein kinase C lambda/
iota (aPKCA), encoded by the PRKCI gene, has been
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reported to play multifunctional roles in cellular main-
tenance, cell proliferation, survival, differentiation and
apoptosis (23, 24).

There is little and inconsistent data regarding the
impact of PRKCI gene polymorphisms on risk/protec-
tion of PCa. Campa et al (25) have found a significant
association between PRKCI 1s546950 and rs4955720
polymorphisms and risk of prostate cancer. Recently, Li
et al (26) investigated the impact of PRKCI rs546950
and rs4955720 polymorphisms on PCa. They found no
significant association between the two variants and
PCa risk in an Eastern Chinese population. Hence, the
present study was aimed to find out the possible asso-
ciation between PRKCI rs546950 and rs4955720 poly-
morphisms and PCa in a sample of Iranian population.

Materials and methods

Patients

This case-control study was done on 169 unrelated
men with histopathologically confirmed adenocarcino-
ma of prostate and 182 ages matched unrelated men with
benign prostatic hyperplasia (BPH) with no history of
any cancer. All the subjects were enrolled from Depart-
ment of Urology, Shahid Labbafinejad Medical Center,
Shahid Beheshti University of Medical Sciences, Te-
hran, Iran. Ethical approvals for recruitment were obtai-
ned from local Ethics Committee of Zahedan University
of Medical Sciences, and written informed consent was
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obtained from all cases and controls. Blood samples
were collected in EDTA-containing tubes and genomic
DNA were extracted using salting out method as descri-
bed previously (27).

Genotyping

Genotyping of rs546950 polymorphism of PRK-
CI was done by PCR-RFLP methods. The forward and
reverse primers were 5 -ACTTAGATGCCTTTCT-
CATGGCCTGCATC- 3" and 5'- CAGATGTTGCCT-
TGTTAAAGTCTATCCC-3", respectively. PCR was
performed using commercially available Prime Taq pre-
mix (Genetbio, South Korea) according to the manufac-
turer’s recommended protocol. In each 0.20 ml reaction,
1 pl of genomic DNA (~100 ng/ml), 1 pl of each primers
and 10 pl of 2X Prime Taq Premix and 7 pul ddH20 were
added. The PCR conditions were set as follows: 95°C
for 5 min, 30 cycles of 95°C for 30s, 63° for 30s,and
72 °C for 30 s and a final extension step of 72 °C for 10
min. Ten microliter of PCR product digested by BseGI
restriction enzyme (Fermentas). The C allele digested
and produces 24- and 182-bp while the T allele undi-
gested and produce 206-bp fragment (Figure 1).

Genotyping of rs4955720 polymorphism of PRK-
CI was done by PCR-RFLP methods. The forward
and reverse primers were 5-CTAACGTGGTTAAA-
CCTCGTCTCTACA-3" and 5'-ACATGACACAATTA-
GACTCTTGCTTGAT-3', respectively. The PCR condi-
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Figure 1. Electrophoresis pattern of the PCR-RFLP method for
detection of PRKCI rs546950 C>T polymorphism. The C allele
digested and produces 24 and 182 bp, while the T allele undigested
and produce 206 bp fragment. M: DNA marker; Lanes 1, 4: CT;
Lane 2, 5: CC; Lane 3, 6: TT.

Figure 2. Electrophoresis pattern of the PCR-RFLP method for
detection of PRKCI 1rs4955720 C>A polymorphism. The C allele
digested and produced 181 and 225 bp, while the A allele undigested
(406 bp). M: DNA marker; Lanes 1: CA; Lanes 2, 4, 5: CC; Lanes
3,6: AA.
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tions were set as follows: 95°C for 5 min, 30 cycles of
95°C for 30s, 60°C for 30s, and 72 °C for 30s and a
final extension step of 72°C for 10 min. Ten microliter
of PCR product digested by Mboll restriction enzyme
(Fermentas). The C allele digested and produced 181
and 225 bp, while the A allele undigested (406 bp) (Fi-
gure 2).

Statistical analysis

Statistical analysis was done using statistical package
SPSS 18 software. Data were analyzed by independent
sample t-test and %2 test. Association between PRKCI
polymorphisms and PCa were calculated by compu-
ting the odds ratio (OR) and 95% confidence intervals
(95% CI) from logistic regression analyses. Haplotype
analysis was performed using SNPStats software (28).
A p-value less than 0.05 were considered statistically
significant.

Results

The study group consists of 169 Pca patients with an
average age of 61.33 £6.61 years and 182 benign pros-
tatic hyperplasia (BPH) with a mean age of 62.51£7.67
years. No significant difference was found between the
groups concerning age (p=0.123).

The genotypes and allele frequencies of PRKCI
rs546950 and rs4955720 polymorphisms in PCa and
control subjects are shown in table 2. A significant dif-
ference was found between cases and controls regarding
rs546950 polymorphism (¥2=9.96; p=0.007). The fin-
dings showed that rs546950 polymorphism of PRKCI
decreased the risk of PCa in codominant (OR=0.35,
95%CI1=0.19-0.64, P<0.001, CT vs CC) and dominant
(OR=0.39, 95%CI=0.22-0.69, P=0.001, CT+TT vs
CC) inheritance model tested. While, the variant was
not associated with the risk of PCa in recessive model
(OR=1.18, 95%CI=0.69-1.99, P=0.593, TT vs CC+CT).

Table 1. Clinicopathological characteristics of prostate cancer Pa-
tients.

No. of patients

Characteristic (%)
Age (years), mean (range) 61.3 (42-79)
PSA at diagnosis mean + SD (ng/ml) 14.9+14.3
Gealson Score
<6 57(33.7)
7 73 (43.2)
>7 39 (23.1)
Stage
pT1 8(4.7)
pT2a 27 (16.0)
pT2b 11 (6.5)
pT2c 76 (45.0)
pT3a 13 (7.7)
pT3b 34 (20.1)
Perineural invasion 106 (62.7)
Impotency 26 (15.4)
Loss of Libido 24 (14.2)
Post-void residual, mean = SD (ml) 27.2+25.2
Addiction 8 (4.7)
Hypertension 23 (13.6)
Diabetes mellitus 21(12.4)
Any history of smoking 27 (16.0)
Alcohol drinking 7(4.1)
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Table 2. Genotypic and allelic frequencies of PRKCI polymorphisms in prostrate cancer (PCa) and control subjects.

PRKCI polymorphisms  Prostate Cancer n (%) Control n (%) OR (95%CI) P-value
rs546950 C>T
Codominant
CcC 41 (24.3) 20 (11.0) 1.00 -
CT 92 (54.4) 128 (70.3) 0.35 (0.19-0.64) <0.001
TT 36 (21.3) 34 (18.7) 0.52 (0.25-1.05) 0.077
Dominant
CcC 41 (24.3) 20 (11.0) 1.00 -
CT+TT 128 (75.7) 162 (89.0) 0.39 (0.22-0.69) 0.001
Recessive
CC+CT 133 (78.7) 148 (79.5) 1.00 -
TT 36 (21.3) 34 (18.7) 1.18 (0.69-1.99) 0.593
Allele
C 174 (51.5) 168 (46.2) 1.00 -
T 164 (48.5) 196 (53.8) 0.81 (0.60-1.08) 0.174
rs4955720 C>A
Codominant
CC 86 (50.9) 80 (44.0) 1.00 -
CA 68 (40.2) 76 (41.7) 0.83 (0.53-1.30) 0.428
AA 15 (8.9) 26 (14.3) 0.54 (0.27-1.09) 0.085
Dominant
CC 86 (50.9) 80 (44.0) 1.00 -
CA+AA 83 (49.1) 102 (56.) 0.76 (0.50-1.15) 0.201
Reccesive
CC+CA 154 (90.1) 156 (85.7) 1.00 -
AA 15 (8.9) 26 (14.3) 0.54 (0.30-1.15) 0.135
Allelel
C 240 (71.0) 236 (64.8) 1.00 -
A 98 (29.0) 128 (35.2) 0.75 (0.55-1.04) 0.090
Table 3. Interaction of rs546950 and rs4955720 polymorphisms of PRKCI gene on prostate cancer (PCa) risk.
rs546950 C>T rs4955720 C>A  Prostate Cancer n (%)  Control n (%) OR (95%CI) P-value
CC CC 30 (17.8) 15 (8.2) 1.00 -
CcC CA 11 (6.5) 4(2.2) 1.38 (0.37-5.05) 0.754
CT CC 46 (27.2) 58 (31.9) 0.41 (0.19-0.82) 0.013
TT CC 10 (5.9) 7 (3.8) 0.72 (0.23-2.25) 0.714
CT CA 41 (24.3) 60 (33.0) 0.34 (0.16-0.71) 0.004
TT AA 10 (5.9) 15(8.2) 0.33 (0.12-0.92) 0.044
TT CA 16 (9.5) 12 (6.6) 0.67 (0.25-1.76) 0.461
CT AA 5(3.0) 10 (5.5) 0.25 (0.07-0.86) 0.034
CC AA 0(0.0) 1(0.5) - -

The T allele was not associated with PCa (OR=0.81,
95%CI=0.60-1.08, P=0.174) compared with C allele.

As shown in table 2, The PRKCI rs4955720 variant
was not associated with PCa in any inheritance models
tested (co-dominant, dominant and recessive).

Additionally, in the combined analysis of these two
variants subjects carrying CT/CC, CT/CA, TT/AA and
CT/AA significantly decreased the risk of Pca in com-
parison with 15546950 CC/rs4955720 CC (table 3).
Haplotype analysis is shown in table 4. The haplotype
13546950 T/rs4955720A marginally decreased the risk
of PCa (OR=0.67, 95%CI1=0.45-0.99, p=0.047) in com-
parison with rs546950 C/rs4955720 C.

As shown in table 5, the rs546950 C>T variant was
marginally associated with clinicopathological cha-
racteristics such as age, stage, PSA (prostate speci-
fic antigen), While no significant association between
rs4955720 polymorphism and clinicopathological cha-
racteristics were observed (table 5).

Discussion

In the present study we investigated the impact of
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PRKCI rs546950 and rs4955720 polymrphisms on PCa
risk in a sample of Iranian population. Our findings
showed a significant association between rs546950 po-
lymorphism and PCa risk, so that CT as well as CT+TT
genotypes decreased the risk of PCa in comparison
with CC genotype. While no significant association was
found between rs4955720 variant and PCa risk.

Furthermore, in the combined analysis of these two
polymorphisms, subjects carrying CT/CC, CT/CA, TT/
AA and CT/AA have significantly decreased risk of Pca
in comparison with individuals carrying rs546950 CC/
rs4955720 CC genotype (P<0.05). The Haplotype ana-
lysis indicated that rs546950T/rs4955720A decreased
the risk of PCa compared to CC (p<0.05).

For the first time, Campa et al (25) investigated the
impact of rs546950 and rs4955720 polymorphisms of
PRKCI gene on risk of PCa in Caucasian. They found
that both the variants contributed to a decreased PCa
risk, with P-values of 0.0017 and 0.0004, respectively.

Li et al (26) investigated the impact of PRKCI
1$546950 and 154955720 polymorphism and PCa risk in
an Eastern Chinese Han Population. In contrast to our
findings, they found no significant association effects
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Table 4. Haplotype association of PRKCI rs546950 and rs4955720 variants with prostate cancer (PCa) risk.

rs546950 rs4955720 Prostate Cancer (Frequency) Control (Frequency) OR (95%CI) P-value
C C 0.4503 0.3971 1.00 -
T A 0.2254 0.2872 0.67 (0.45-0.99) 0.047
T C 0.2598 0.2513 0.83 (0.53-1.31) 0.430
C A 0.0645 0.0645 0.87 (0.40-1.90) 0.730

Table 5. Association of PRKCI polymorphisms with clinicopathologic parameters in prostate cancer (PCa) patients.

rs546950 C>T rs4955720 C>A
Factors P-value P-value
CcC CT TT CC CA AA
Age at diagnosis Y, n 0.051 0.090
<65 24 67 30 57 50 14
>65 17 25 6 29 18 1
Stage 0.050 0.773
pT1 6 1 1 4 4 0
pT2a 8 15 4 13 13 1
pT2b 0 8 3 4 6 1
pT2c 16 41 19 37 29 10
pT3a 3 9 1 8 4 |
pT3b 8 18 8 20 12 4
PSA at diagnosis (ng/ml), n 0.024 0.761
<4 1 0 0 1 0 0
4-10 26 37 21 40 37 7
>10 14 55 15 45 31 8
Gleason score, n 0.427
<6 18 27 12 28 35 23 0.748
7 14 45 14 24 32 12
>7 9 20 10 5 6 4
Perineural invasion, n 0.581 0.412
Positive 23 59 24 56 39 11
Negative 18 33 22 30 29 4
Surgical margin, n 0.291 0.596
Positive 12 40 15 31 30 6
Negative 29 52 21 55 38 9

for the two tested variants in the single locus analysis.
While, individuals carrying homozygote wide-type form
of these two polymorphisms had marginally reduced
PCa risk (OR=0.63, 95% CI=0.40-0.99, P=0.045),
compared with those carrying any of heterozygous or
homozygous mutant genotypes.

The human PRKCI gene is mapped on 3q25-q27. It
contains 18 exons and encodes a 587-amino acid protein
with a molecular mass of approximately 67.3 KD. The
13546950 is located in first intron; lie in the 5’ regulatory
region of the gene, although the rs4955720 is situated in
3" untranslated region (3°'UTR). The 3'UTR of mam-
malian mRNA is a repository of regulatory elements for
mRNA stability, intracellular localization and transla-
tion.

Several studies have shown that PRKCI oncogene
is amplified in various cancers such as lung squamous
cell carcinoma (29), Alveolar rhabdomyosarcoma (30),
breast ductal carcinoma (31), ovarian cancer (32) and
PCa (33, 34).

The molecular mechanisms underlying carcinogene-
sis and progression of PCa have still not been entirely
elucidated. The efforts to recognize molecular markers
for early detection of PCa as well as personalize both
patient prognosis and therapy are of critical clinical si-
gnificance. The findings from several large case-control
studies and cohort studies suggest that family history is
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a leading risk factor for PCa (35-39).

The limitations of the present study are the fol-
lowing: i) relatively small sample sizes, so replication
with larger sample is needed. ii) We did not determine
gene-environment interactions. It has been proposed
that both genetic and environmental factors may contri-
bute to prostate cancer susceptibility.

Taken together, the findings of the present study
designated that rs546950 polymorphism of PRKCI, but
not 1s4955720 decreased the risk of PCa in a sample of
Iranian population. Larger sample sizes with different
ethnicities are necessary to verify our findings.
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