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Abstract:

Objective: The aim  of   the study  is  to  determine  the   risk   of carcinoma (ca) prostate  due to  polymorphisms
in    genes  regulating  the  DNA  Repair pathway  ,  the  X ray repair   Cross complementary 1 gene (XRCC1)   and
Xeroderma pigmentosum  group D  gene   (XPD ). Methods: Fifty  patients ( 25 ca prostate patients and 25controls)
were included in the study, conducted between November  2008  and March 2011.  XRCC1 and XPD gene were
isolated from blood, processed, studied under UV transillumination and genotypes were identified. The association
with  risk  of  carcinoma  prostate  was  determined  by  calculating  the  Odds Ratio. Any  possible  effect
modification by age, gleason score and serum PSA was also evaluated. Results: For XRCC1 gene, the Arg/Gln
genotype was seen in 60% of carcinoma prostate patients compared to Arg/Arg (16%) and Gln/Gln (24%). The
Arg/Gln  genotype  was  found  to  have statistically  significant association  with  carcinoma prostate  ( p<0.05)
when comparing with the genotype of controls. For XPD gene, the Lys/Gln genotype was seen in 52% of ca prostate
patients compared to Lys/Lys (36%) and Gln/Gln (12%) . The  Lys /  Gln  genotype  was  found  to  have
statistically  significant association  with  Prostate  cancer ( p<0.05). No  significant   association  was  observed
between  the  genotypes  when stratified  by  age, gleason score and serum PSA. Conclusions: The XRCC 1 Arg/Gln
genotype  and  XPD  Lys/Gln   genotype  were  significantly  associated   with  an  increased  risk  of  developing
Prostate  cancer. The present study would enable identification of genetically predisposed individuals.
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INTRODUCTION

Prostate cancer is the most common noncutaneous malignancy in men in the United States. In
India, the incidence is relatively less. Risk of disease varies most prominently with age, ethnicity,
family history, and diet. A familial pattern account for only 5–10% of prostate cancers, whereas
a larger percentage of prostate cancers may   be due to common polymorphisms in genes giving
rise to a low penetrance risk of  disease 1-3. Malignant transformation of prostate cells is
accompanied by somatic genomic changes4, 5.

In vitro studies of human prostate tissue have demonstrated that DNA adducts form in prostate
tissue, after exposure to environmental toxins 6, 7. Moreover, intake of antioxidants via the diet or
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as supplements may decrease prostate cancer risk through the inactivation of reactive oxygen
species, thereby protecting the DNA from oxidative damage 8.

This evidence suggests that DNA repair capacity may play an   important role in prostate
carcinogenesis, but little is known about what direct effect DNA repair capacity has on prostate
cancer risk.

XRCC1gene is involved in DNA repair in the base excision repair pathway and appears
to   play a scaffolding role in bringing together a complex of DNA repair proteins, including poly
(ADP-ribose) polymerase (PARP), DNA ligase 3 (LIG3), and DNA polymerase 9 –11. Codons
194 and 399 contain polymorphisms that result in amino acid substitutions within evolutionarily
conserved regions 12, 13. Several studies have linked XRCC1 polymorphisms with biomarkers of
DNA damage, including   aflatoxin   B1-DNA   adducts and glycophorin A variants in
erythrocytes 14, polyphenol-DNA adducts15, and DNA repair capacity in lymphocyte16.

The XPD gene codes for a DNA helicase involved in transcription and nucleotide
excision repair. Mutations in the XPD gene can completely prevent DNA opening and dual
incision, steps that lead to the repair of DNA adducts17. The DNA repair function of XPD is
critical to reparation of genetic damage from tobacco and other carcinogens 18. Several common
single bp substitution polymorphisms in the XPD gene   have been identified.

SUBJECTS AND METHODS:

Study population : 50 patients (seen in Outpatient Department or those admitted in
Urology ward)

Nature of Study : Retrospective study

No. of Ca.Prostate cases: 25

No. of Controls :  25, (BPH: 19, Age matched controls: 6]

Study   Period                  :  November 2008 to March 2011

The  age  of  the  subjects  included  in  the  study  ranged  from  55 to  87  years. The
cases  and  controls  were  similar  in  ethnicity  and  nutritional  status. Clinical characteristics,
including Gleason score, PSA, and tumor stage were obtained.  The  controls  were  unrelated
individuals  with  normal   serum  PSA and normal digital rectal  examination .

Outline of methodology:

DNA was isolated from the blood sample obtained. Then exon 10 of XRCC1 gene and
exon 23 of XPD gene are amplified using polymerase chain reaction (PCR) and then purified.
Then they were made to react with enzymes Msp1 for XRCC1 and MboII for XPD gene and
agarose gel electrophoresis was done. Then they were visualized under ultraviolet (uv)
illumination. The genotypes were studied based on RFLP polymorphisms.
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METHODOLOGY:

Blood sample collection:

5  ml of  peripheral  blood  was  obtained  by  direct  venipuncture  and transferred into
EDTA containing vacutainer tubes, which  were kept in  thermos ice box and transferred
immediately to the Department of Endocrinology, IBMS, Taramani. The buffy coat was
separated and stored at –20°C until isolation of dna was done.

DNA isolation and purification:

The phenol chloroform method of DNA isolation was used in this study. This frequently
used method for DNA isolation removes proteins and other cellular components   from nucleic
acids, resulting   in   relatively   pure DNA preparations. The concept of isolation of DNA is
that all the other components of the cell and chromatin are removed using suitable methods to
leave behind the DNA. In general the isolation of DNA from mammalian tissues follow four
different steps they were 1.lysis of cells with a detergent like sodium dodecyl sulphate (SDS), 2.
Digestion of proteins with enzymes (Proteinase – K), 3. Extraction of DNA by phenol
chloroform method, 4. Precipitation of DNA with isopropyl alcohol or 100% ethanol.

Quality check  &  quantification of DNA:

The integrity of the DNA was assessed by running it in 0.7% Agarose gel. Further the
quantification and quality check of DNA was performed by subjecting the DNA to
spectrophotometry. The concept of quality check of DNA is to find out the purity of the
extracted  DNA.  The extracted DNA may contain impurities like phenol, proteins and others.
The integrity of   the DNA is  checked  by  agarose  gel  electrophoresis. The DNA is mixed with
loading dye  and  run electrophoretically  on  0.7%  agarose gel  in TAE buffer, the  high
molecular weight DNA  appeared  as  sharp  band without   smearing.

PCR amplification:

The  primers   were   commercially   procured.  The primers  from   XPD  exon 23 are
forward (  5’-CAGGTGAGGGGGACATCTGG-3’) and reverse (  5’-
CTCTCCCTTTCCTCTGTTCTCTGC-3’).The primers    from   XRCC1  exon 10 are forward  (
5'- GCTTTCTCTGTGTCCACTATGCTGC-3') and reverse (  5'-
TCTGATAAGCAGGCTTCACAGAGCC-3'). The primers were mixed with the isolated DNA
and other reaction elements and subjected to a thermal cycle.   After the completion of the
thermal cycles, the PCR product was resolved on 2% Agarose  gel  in  Mupid-ex  electrophoresis
tank (TAKARA, Japan), and  the amplification was visualized and documented using UVP- UV
Trans-illuminator. Then this mix was subjected to restriction fragment length polymorphism.

RFLP (restriction fragment length polymorphism):

The  PCR  Fragment  was  digested  by  the enzyme  MboII , which digests the 733 bp
fragment  of XPD  Exon 10 and enzyme  Msp I   which digests  the  PCR  fragment  of  XRCC 1.
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RFLP reaction was done under ideal conditions of 37°C- 16 hours/Overnight, 4°C- ∞.  After the
completion of the restriction digestion, 20 µl of the digest product and 2 µl of 6X DNA gel
loading dye was mixed well and resolved by electrophoresis in Mupid-ex electrophoresis tank
(TAKARA, Japan) in 2.0% agarose gel. The resolved gel was visualized using UVP- UV Trans-
illuminator and studied for the genotype.

RESULTS:

Statistical analysis:

Statistical  analysis  was  done  using  the  SPSS Software. The  association between
XRCC1 and  XPD  Polymorphisms  and   risk  of  ca prostate  was  determined  by  calculating
the  Odds Ratio (OR)  at 95%  Confidence  interval( CI). Any  possible  effect modification by
age was also evaluated  by stratifying the age at  diagnosis as (<65 versus >65). In addition, to
investigate the potential effect of genotype  on   disease   aggressiveness,  stratified the analyses
of  the cases’   clinical   characteristics at diagnosis  was  done. The  cancer  risk   was  also
analysed  by  stratifying  the  patients  based  on  Gleason score  and  Sr.PSA  levels.

Table-1: Association of  XRCC 1 genotype and prostate cancer

Genotype
Cases ( %)

N- 25

Controls(%)

N – 25

OR

(95% CI)
P

Arg/Arg 4 ( 16%)
10 ( 40%)

0.29 (0.06 – 1.27) 0.115

Arg/Gln 15( 60%) 7 (28%) 3.86 (1.02 – 15.17) 0.046

Gln/Gln 6 ( 24%)
8  ( 32%)

0.67 (0.16 - 2.74) 0.753

Arg- arginine, Gln- glycine, OR- odds ratio, CI- confidence interval.

Table- 1: The  Arg/Gln  genotype  was  the predominant genotype and was found  to  have
statistically  significant association  with  ca prostate  ( p<0.05) when comparing with the
genotype of controls

The  Association  of  XRCC 1 genotype and  Prostate  cancer  was  assessed  in  25
Prostate  cancer  patients. 4 (16%)  were  Arg/Arg, 15 (60%)  were  Arg/Gln  and 6 (24%)   were
Gln/Gln.   Among  the  25 controls,  10 (40%)  were  Arg/Arg, 7(28%)  were  Arg/Gln,  8 (32%)
were  Gln/Gln.

With  Arg/Arg  as   the  reference  genotype ,  the Odds Ratio (95%  CI)  of  the
Homozygosity  and  heterozygosity  of  the  Gln  allele  was  assessed. It  was found  that   the
Arg/  Gln  genotype  was  found  to  have statistically  significant association  with  Prostate
cancer ( p<0.05). The  Arg/Arg  genotype  and  Gln/Gln genotype   did   not  have  a  significant
association  with  Prostate  cancer.
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Figure-1: XRCC 1  genotype  among  prostate cancer patients  and  controls  stratified  by  age

Figure-1: No significant association was observed between the XRCC 1 genotype stratified by
age and risk of Prostate cancer

The  association of  XRCC 1  genotype  with Prostate  cancer  patients based  on the   age
was  calculated. Among  the  subjects  less  than 65 yrs, Arg/Arg  was  observed  in  20% and
35.7%, Arg/Gln  observed  in  60% and  28.6%, Gln/Gln  observed in 20 % and  35.7%  of
cases and controls respectively. Among  the  subjects more  than  65  yrs, Arg/Arg  was
observed  in  13.3%  and  45.4%, Arg/Gln  in  60%  and  27.2%  , Gln/Gln  in  26.6%  and
27.2%  of cases  and  controls  respectively.  No  significant   association  was  observed
between  the  genotypes  stratified  by  age  and  risk  of  Prostate  cancer.

Table - 2: Association of  XRCC 1 gene  with  gleason score in patients

Genotype

Patients(%)

OR 95% CI P
Gleason

Score≥7
N- 12

Gleason

Score<7
N-13

Arg/Arg 2(16.6) 2(15.3) 1.10 0.09 – 14.18 1.000

Arg/Gln 8(66.6) 7(53.8) 1.71 0.26 – 11.92 0.688

Gln/Gln 2(16.6) 4(30.7) 0.45 0.04 – 4.10 0.645

Arg- arginine, Gln- glycine, OR- odds ratio, CI- confidence interval.

Table-2: No significant   association  was  observed  between  the  genotypes  when stratified  by
gleason score
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The  XRCC 1 genotype  distribution  based  on  the Gleason score was  assessed.
Arg/Arg  genotype  was  seen  in   16.6% and  15.3% , Arg/Gln  genotype  in 66.6% and 53.8%,
Gln/Gln in  16.6%  and  30.7%  of  patients with Gleason score less than  7  and  more than  7
respectively. No  significant  association  between the genotypes and  Histologic  grade  of
Prostate  cancer. Statistical assessment is limited by the small  number  of  patients  in  each
group.

Distribution of XRCC 1 genotype in patients based  on PSA levels:

The  XRCC 1 Genotype  association  with  Prostate  cancer based   on  the Sr.PSA
levels  were  assessed. Arg/ Arg  genotype  was  observed in  20% and 13.3 % ,  Arg/Gln  in
60%  and  60%  , Gln/Gln  in 20% and  26.6%  of  patients  with  Sr.  PSA  levels  of  more than
50 ng/ml  and  less than 50 ng/ml  respectively.  No   significant  association  was  observed
between  the  genotypes  stratified    by   Serum PSA  levels  and  Carcinoma  Prostate.

Table- 3: Association  of  XPD  genotype  and prostate  cancer

Genotype
Cases ( %)

N- 25

Controls(%)

N - 25

OR

(95% CI)
P

Lys/Lys 9 ( 36%) 12  ( 48%) 0.61(0.17 – 2.19) 0.567

Lys/Gln 13( 52%) 5 (20%) 4.33 (1.06 – 18.63) 0.039

Gln/Gln 3( 12%)
8(32%)

0.29 (0.05 – 1.49) 0.172

Lys- lysine, Gln- glycine, OR- odds ratio, CI- confidence interval

Table-3: The Lys /  Gln  genotype  was  the predominant genotype and was found  to  have
statistically  significant association  with  Prostate  cancer ( p<0.05).

The  Association  of  XPD   genotype and  Prostate  cancer  was  assessed  in  25  Prostate
cancer  patients . 9 (36%)  were  Lys/Lys , 13(52%)  were  Lys/Gln  and 3 (12%)   were
Gln/Gln.   Among  the  25 controls,  12 (48%)  were  Lys/Lys  , 5(20%)    were  Lys/Gln  , 8
(32%)  were  Gln/Gln.With  Lys/Lys   as   the  reference  genotype ,  the Odds Ratio ( 95%  CI)
of  the Homozygosity  and  heterozygosity  of  the  Gln  allele  was  assessed .It  was found  that
the  Lys /  Gln  genotype  was  found  to  have  statistically  significant association  with  Prostate
cancer ( p<0.05). The  Lys/Lys  genotype  and  Gln/Gln genotype   did   not  have  a  significant
association  with  Prostate  cancer.
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Figure-2: XPD   genotype among  prostate cancer patients  and  controls stratified  by  age

Figure-2: No significant association was observed between the XPD genotype stratified by age
and risk of Prostate cancer

The  association of  XPD  genotype  with Prostate  cancer  patients  based  on the  age
was  calculated. Among  the  subjects  less  than  65  yrs, Lys/Lys  was  observed   in  40% and
42.8 % , Lys/Gln  observed  in  50% and  21.4% , Gln/Gln  observed    in   10 % and  35.7%  of
cases  and  controls   respectively. Among  the  subjects more  than  65  yrs , Lys/Lys  was
observed  in  33.3%  and  54.5% , Lys/Gln  in  53.3%  and  18.1%  , Gln/Gln  in  13.3%  and
27.2%  of   cases  and  controls  respectively.  No   significant   association  was  observed
between  the  genotypes  stratified  by  age   and  risk  of  Prostate  cancer.

Table – 4: Association   of   XPD gene  and  gleason  score

Genotype

Patients(%)

OR 95% CI PGleason

Score≥7
N- 12

Gleason

Score<7

N-13

Lys/Lys 5(41.6) 4(30.7) 1.61 0.23 – 11.45 0.688

Lys/Gln 6(50) 7(53.8) 0.86 0.13 – 5.47 0.835

Gln/Gln 1(8.3) 2(15.3) 0.50 0.02 – 8.95 1.000

Lys- lysine, Gln- glycine, OR- odds ratio, CI- confidence interval

Table-4: No  significant   association  was  observed  between  the  genotypes  when stratified
by  gleason score
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The  XPD  genotype  distribution  based  on  the  Gleason score was  assessed. Lys/Lys
genotype  was  seen  in   41.6% and  30.7% , Ly/Gln  genotype  in  50% and  53.8%  , Gln/Gln in
8.3%  and  15.3%  of  patients  with  Gleason  score less than   7  and  more  than  7
respectively. There  was  no  significant  association  between  the    genotypes  and  Histologic
grade  of  Prostate  cancer. Statistical  assessment  is    limited  by the  small  number  of  patients
in  each  group.

Distribution of XPD  genotype in patients based  on PSA levels:

The   XPD  Genotype  association  with  Prostate  cancer    based   on  theSr.PSA  levels
were  assessed.  Lys/Lys  genotype  was  observed in  40% and 33.3 % ,  Lys/Gln  in  50%  and
53.3%  , Gln/Gln in 10% and  13.3%  of  patients with  Sr.  PSA  levels  of  more than 50 ng/ml
and  less than 50 ng/ml  respectively.  No   significant  association  was  observed  between  the
genotypes  stratified  by   Serum PSA  levels  and  Carcinoma  Prostate.

DISCUSSION:

The  Arg/ Gln   genotype   in   XRCC1  and  Lys/Gln   genotype  in  XPD  were  found
in    60 %   and  52 %    of   Ca.Prostate    patients   and   found  to  be statistically    significant
with  the  risk  of Prostate  cancer. All  the  subjects  included  in  our  study  were  unrelated.
The  other  genotypes  did  not  show  a  significant   risk  of   developing  Ca.Prostate.

The  genotype  association  with  Ca.Prostate  based  on  the  age, Gleason  score and
Sr.PSA  was not  found  to  be  statistically   significant.  The  statistical   assessment  is  limited
by  the  small   number of  patients .

Rybicki  et al   examined the XRCC1   codon 399 and XPD codons 312 and 751
polymorphisms in   relation to prostate cancer risk in a large sample of primarily Caucasian
sibships.  Only  the XPD  codon 312 Asn  allele  showed  a  modest  association   with increased
prostate cancer  risk, 60%, when two copies of the allele were present.    Perhaps  more
revealing,  however, was   the    potential interaction  between the XPD   codon 312 Asn allele
and the XRCC1 codon  399  Gln allele. When both alleles were   present in their homozygous
states, the risk for  prostate cancer increased  4.8-fold.

Only a   few studies of more common DNA repair genetic variants and  prostate cancer
risk exist in the literature. Xu et al. studied  18 different genetic variants of  the DNA   repair
enzyme gene hOGG1,   involved   in base excision repair, and found  the   genotype  frequency
of two sequence variants (11657A/G and  Ser326Cys)  was  significantly different between
prostate cancer  cases and  controls. They also confirmed  the association with  the 11657A/G
variant in a  family-based association study. Van  Gils et al 50  studied three genetic variants  in
another base excision repair enzyme  gene, XRCC1, and found no association  between XRCC1
polymorphisms and prostate  cancer  when only comparing  genotype frequencies in cases and
controls.  However,  when they stratified the  study population by   intake of several different
dietary  antioxidants, the more  common  XRCC1 codon  399 Arg/Arg   genotype   was
associated  with   prostate  cancer in those with low vitamin E or lycopene intake.
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Rybicki et al , on the other  hand, found the less common XRCC1 codon   399 Gln/Gln
genotype to be a  potential modifying factor for prostate cancer risk associated with the XPD
codon 312 Asn/ Asn genotype. It is not inconceivable that interactions at the XRCC1 codon 399
locus are dependent on genotype, with some genetic or  environmental risk factors preferentially
interacting with the Arg/Arg genotype and  others more likely to interact with the Gln/Gln
genotype. The   unadjusted ORs for  the   XRCC1 codon 399 Gln/Gln genotype in the  study of
van Gils et al.  was 0.77,  compared  with  Rybicki et al  OR estimate of 0.88. Previous studies of
the XRCC1  codon  399 polymorphism are equivocal with some finding increased  risk   for  the
Gln   allele   but  others  finding  an  increased  risk for  the  Arg  allele . Rybicki  et al  family-
based  study  had  several strengths, which  include the   size   of   the  study population, the
elimination of potential  bias due to population   genetic  substructure,  and full  utilization of
sibship data (without parental genotypes) that were composed of numerous configurations
including sibships with only affected  brothers.

CONCLUSION:

The   XRCC 1 Arg/Gln   genotype  and  XPD  Lys/Gln   genotype  were  significantly
associated   with  an  increased  risk  of  developing  Prostate  cancer. The  XRCC 1  and  XPD
genotypes  stratified   by  age,  grade  and  Sr.PSA   levels  did   not show  any  significant  risk
of  developing  Prostate  cancer. The  present  study  of  DNA Repair  gene  polymorphisms
predicts  risk  of   developing  Prostate  cancer  and  would  enable  identification of  genetically
predisposed  individuals
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