
Abstract. Background: The gene for kallikrein-like serin
protease, prostate-specific antigen (PSA), has been a
candidate gene in several studies. It is known that androgens
are important in the proliferation and development of prostate
gland and they are the main regulators of PSA expression.
The polymorphism of the ARE-I locus on the PSA gene was
studied in prostate cancer patients to determine a possible
relationship of that locus to prostate cancer risk. Patients and
Methods: Forty-nine prostate cancer patients and forty-seven
healthy control subjects were compared. Total and free PSA
levels were measured by an enzymatic immunassay method.
PSA ARE-I polymorphism analyses were performed using a
previously described PCR-restriction fragment length
polymorphism (RFLP) method. Results: There were no
significant differences between the control and patient groups
for any of the PSA-AREI genotypes, but the G allele carriers
had a 2-fold higher risk of developing advanced prostate
cancer. Conclusion: G allele carriers have a higher risk of
developing advanced prostate cancer. With further research,
such PSA-AREI polymorphism analyses may help in follow-
up and in deciding the prognosis of prostate cancer patients. 

Prostate malignancy accounts for 32%  of all types of cancer
and is the fourth most frequent cancer in the world (1). It is
known to develop from the acinar epithelium and 70%  of cases
from the peripheral zone of the gland (1). Although the main
etiological cause of the disease is still unknown, it is known to
be a multifactorial disease with a genetic component (2). 

Androgens are important in the proliferation and
development of the prostate gland from early fetal life.

Huggins and Hodges have shown that after orchiectomy and
estrogen treatment, metastases of prostate cancer regressed
and their study proved the enhancing effects of androgens in
prostate cancer (3). 

Testosterone is converted to its more active form,
dihydrotestosterone, by the catalysis of the enzyme 5α-
reductase in the prostate gland and the relationship of 5α-
reductase activity to prostate cancer has been investigated (4-
6). It is thought that differences in prostate cancer incidence
in different populations might be related to the levels of
dihydrotestosterone; for example, Japanese men generally
have low 5α-reductase activity and also lower prostate
cancer incidence (3). 

The degree of differentiation and the tumor volume are the
most important factors that determine the aggresivity of the
cancer; the usual system for classifying the prostate
differentiation level is the Gleason scoring system, which is
shown in Table I (7).

Prostate cancer cases have decreased in the last decade
because of practical screening methods using prostate-
specific antigen (PSA) as the main parameter (1, 2). PSA is
a a 33 kDa glycoprotein containing a polypeptide of 240
amino acids that is mainly synthesized by the epithelial cells
of the prostate gland (8-10). Serum PSA levels can be
increased in benign prostatic cases because increased
synthesis of PSA and/or structural disorders of the prostate
may cause leakage into the general circulation, but it is more
increased in malignancy and is useful for diagnosis or to
determine the follow-up or prognosis of prostate cancer
patients (11, 12). Although PSA has been used as a tumor
marker for a long time, its role in prostate pathologies has
not yet been precisely determined. The genes that may effect
the cellular proliferation of the prostate gland are not well
known, but the gene for kallikrein-like serin protease, PSA,
has been the focus of several studies (11, 13, 14). The PSA
gene is situated on chromosome 19 (19q13.4) (9, 15). The
main regulators of PSA expression at the gene level are
androgens (12), and androgen receptors (AR) change their
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conformation after binding to these ligands, travel into the
nucleus and bind to specific nucleotide strands on the
promotor regions of their specific genes. The
dihydroandrostenedion-androgen receptor complex (DHT-
AR) is one of the main regulators of gene transcription of
specific promotor regions of the PSA gene, enhancing PSA
gene transcription (16, 17). The binding sites on the
nucleotide are known as androgen-response elements (ARE)
(12, 16, 18, 19). Cleutjens et al. have determined at least
three ARE (ARE-I, ARE-II, ARE-III) on the PSA gene
promoter region (20). Xue et al. defined a single nucleotide
polymorphism on the ARE-I sequence of the PSA gene that
was related to the risk of developing prostate cancer (16). 

The polymorphism of the ARE-I locus of the PSA gene
and PSA levels in prostate cancer patients were investigated
to determine a possible relationship of that locus to prostate
cancer risk.

Patients and Methods

All patients (n:49) were followed-up by the Uskudar State Hospital.
The control group subjects (n:47) were chosen from healthy men
that were more than 50 years old. All of the subjects were diagnosed
clinically and also confirmed by investigation of their prostatic
specimens. For DNA isolation, blood samples were taken using
sample tubes containing EDTA and isolation was performed using
precipitation method and all purified DNA samples were protected
at +4˚C.

Fifty μL PCR reaction mixture containing 1 U Taq polymerase
(Promega), 0.3 μL of each primer (AR1-5 TTG TAT GAA GAA
TCG GGG ATC GT-3’, AR2- 5’- TCC CCC AGG AGC CCT ATA
AAA-3’) (MBI Fermentas), 50 mM KCl, 10 mM Tris-HCl, 4 mM
MgCl2, 0.1 mM deoxynucleoside triphosphate (dNTP) (MBI
Fermentas) was used with 500 ng of DNA (14). The PCR reaction
was carried out as follows: first the denaturation step at 94˚C for 
10 min; then 35 cycles of denatuartion (1 min at 94˚C); annealing 
(1 min at 59˚C and extension (40 sec at 72˚C) and finally extension
at 72˚C for 10 min. The final product was expected to be 300 bp. 

After PCR, a restriction fragment length polymorphism (RFLP)
method was used with NheI restriction enzyme (MBI Fermentas)
and all the final samples were evaluated by agarose gel
electrophoresis (2% ). After this restriction step, there were three
possible band forms on the gel electrophoresis: 300 bp for AA, 150
bp for GG and both for the heterozygote AG genotypes. 

The PSA levels were measured by an enzymatic immunoassay
method (Elecsys 2010 Hitachi Boehringer, Mannheim, Germany).

The statistical analyses were performed with the SPSS 10.0
program using Chi-square, Fisher’s and Student’s t-tests.

Results

The characteristics of control and patient groups are given in
Table II. There was no significant difference between ages
or body mass indices (BMI) of the two groups. 

The total PSA and free PSA levels were significantly
higher in the patient group than in control cases as expected,
and there were also significant differences in total and free
PSA levels in all the genotype groups between the control
and patient groups. The distributions of the PSA ARE-I
genotypes and the allele frequencies in the patient and
control groups are given in Table III. There were no
significant differences between the control and patient
groups for any of the PSA-AREI genotypes (p>0.05). 

The ARE-I PSA genotype distribution of the patient
group according to the Gleason Score System using the cut-
off level of 7 are given in Table IV. G allele carriers had a 2-
fold greater risk of developing advanced (Gleason ≥7)
prostate cancer.

The total PSA levels were higher in the prostate cancer
patients carrying the G allele than in those without the G
allele (Figure 1), but the difference did not reach
significance (p=0.143).
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Table I. Gleason scoring system.

Gleason scores (in total) Level of differentiation

2-4 Well-differentiated
4-6 Intermediately differentiated
7 Intermediate-undifferentiated
8-10 Undifferentiated

Table II. Characteristics of the patient and control groups. 

Control group Patient group 
(n:47) (n:49)

Age (x±SD) 63.00±8.835 66.00±8.14
Body mass index (kg/m2) (x±SD) 26.25±3.03 26.07±2.70
Total-PSA (ng/dL) (x±SD) 1.26±0.92 89.43± 253.52*
Free-PSA (ng/dL) (x±SD) 0.30±0.29 4.25±9.02*
Gleason score - 6.80±1.13

The intergroup significance levels were evaluated by student t-test. PSA:
Prostate Specific Antigen, *p<0.05.

Table III. The distribution of PSA ARE-I genotypes and allele
frequencies in patient and control groups.

Group Control Patient
(n:47) (n:49)

Genotype
AA 28 (59.6% ) 22 (44.9% )
GG 4 (8.5% ) 9 (18.4 % )
AG 15 (31.9% ) 18 (36.7% )

Allele
A 71 (75.53% ) 62 (63.20% )
G 23 (24.46% ) 36 (36.70% ) 



Discussion

The few previous studies on the ARE-I gene polymorphism
have produced differing results. Xue et al. investigated the
relationship between the G and A alleles at the 158 position
on the PSA ARE-I gene promoter in prostate cancer and
found that the G allele was more frequent in prostate cancer
patients; they also found that the GG genotype significantly
(60% ) increased prostate cancer risk (16). In contrast,
Medeiros et al. found that the AA genotype was more
frequent in prostate cancer patients than control subjects
(21). In some studies, no statistically significant difference
was found between any clinical and endocrinological
parameters and the PSA-AREI genotypes (22). In the
present results, although the G allele seemed to be more
frequent in the patient group, there were no statistically
significant differences between the patient and control
groups for any alleles or genotypes (Table III). 

In most of the previous studies, it was demonstrated that
there was no difference in serum PSA levels between any
allele and/or genotype groups (8,11). However in some
studies it was shown that people with an AA genotype had
increased PSA levels compared to other genotypes (16, 21).
It was thus concluded that the A allele increased the
expression level of the PSA protein (21, 23). In the present,
the G allele was related to higher levels of PSA, but this
was not proven statistically (p>0.05) (Figure 1). The
significant increment in free PSA levels in the AA
(p=0.011) and GG (p=0.041) patients than in the
corresponding control cases was thought to be related to the
general increment of PSA levels in prostate cancer patients
compared to the control group.

Dos Santos et al. found that the GG genotype carriers had
a higher risk of developing prostate cancer than those with
the AG and AA genotypes (24). Xue et al. found that the GG
genotype patients had a 3-fold higher risk of developing
advanced prostate cancer (25). The present results were
compatible with theirs, since the G allele carriers had a 2-
fold higher risk of advanced prostate cancer according to the

Gleason score system (Table IV). Gsur et al. investigated the
relationship between PSA polymorphisms and Gleason
scores and found that the patient group with high Gleason
scores (≥7) had AG and GG genotypes more frequently than
did the low-score (<7) patients (14). In contrast, Lai et al.
demonstrated that the AA genotype increased the prostate
cancer risk three-fold (26). 

The present study was the first in a Turkish population.
The difference in results for PSA ARE-I polymorphisms
between studies may be minimized by using larger study
groups. Further evaluations may illuminate the effects of
polymorphisms on both the PSA levels and the stages of
prostate cancer and thus help the follow-up and prognostic
determinations for prostate cancer patients. 

References

1 Neal DE, Leung HY, Powell PH, Hamdy FC and Donovan JL:
Unanswered questions in screening for prostate cancer. Eur J
Cancer 36: 1316-1321, 2000. 

2 Steinberg GD, Carter BS, Beaty TH, Childs B and Walsh PC:
Family history and the risk of prostate cancer. Prostate 17(4):
337-347, 1990.

3 Huggins C and Hodges CV: Studies on prostatic cancer. I. The
effect of castration, of estrogen and androgen injection on serum
phosphatases in metastatic carcinoma of the prostate. CA Cancer
J Clin 22(4): 232-240, 1972.

4 Yamada Y, Watanabe M, Murata M, Yamanaka M, Kubota Y, Ito
H et al: Impact of genetic polymorphisms of 17-hydroxylase
cytochrome P-450 (CYP17) and steroid 5alpha-reductase type II
(SRD5A2) genes on prostate-cancer risk among the Japanese
population. Int J Cancer 92(5): 683-686, 2001.

5 Steers WD: 5Alpha-reductase activity in the prostate. Urology
58(6 Suppl 1): 17-24, 2001.

Kalay et al: ARE-I Polymorphism in Turkish Prostate Cancer Patients

1397

Figure 1. Total PSA levels in G+ (49.36±135.96) and G– (122.08±318.21)
patients (p:0.143).

Table IV. ARE-I PSA genotype distribution [n (% )] of the patient group
according to the Gleason score (cut-off of Gleason score 7).

Genotype AG GG AA GG+AG

Patient group
n (% ) 18 (36.7) 9 (18.4) 22 (44.9) 27 (55.1)

Gleason<7 6 (33. 3) 4 (44.4) 12 (54.5) 10 (45.5)

Gleason≥7 12 (66.7) 5 (55.6) 10 (45.5) 17 (63.0)

OR (95%  CI): 2.04 (0.648-6.42).



6 Homma Y, Kaneko M, Kondo Y, Kawabe K and Kakizoe T:
Inhibition of rat prostate carcinogenesis by a 5alpha-reductase
inhibitor, FK143. J Natl Cancer Inst 89(11): 803-807, 1997.

7 Mulay K, Swain M, Jaiman S and Gowrishankar S: Gleason
scoring of prostatic carcinoma: impact of a web-based tutorial
on inter-and intra-observer variability. Indian J Pathol Microbiol
51(1): 22-25, 2008.

8 Wang LZ, Satoa K, Tsuchiyaa N, Yua JG, Ohyamaa C, Satoha S
et al: Polymorphisms in prostate-specific antigen (PSA) gene,
risk of prostate cancer, and serum PSA levels in Japanese
population. Cancer Let 202: 53-59, 2003.

9 Kim J and Coetzee GA: Prostate-specific antigen gene regulation
by androgen receptor. J of Cell Biochem 93: 233-241, 2004.

10 Diamandis EP and Yousef GM: Human tissue kallikrein gene
family: a rich source of novel disease biomarkers. Expert Rev
Mol Diagn 1(2): 182-190, 2001.

11 Xu J, Meyers DA, Sterling DA, Zheng SL, Catalona WJ, Cramer
SD et al: Association studies of serum prostate-specific antigen
levels and the genetic polymorphisms at the androgen receptor
and prostate-specific antigen genes. Cancer Epidemiol,
Biomarkers Prev 11: 664-669, 2002. 

12 Lee DK and Chang C: Molecular communication between
androgen receptor and general transcription machinery. J Steroid
Biochem Mol Biol 84: 41-49, 2003.

13 Cramer SD, Chang BL, Rao A, Hawkins GA, Zheng SL, Wade
WN et al: Association between genetic polymorphisms in the
prostate-specific antigen gene promoter and serum prostate-
specific antigen levels. J Natl Cancer Inst 95(14): 1027-1028,
2003. 

14 Gsur A, Preyer M, Haidinger G, Zidek T, Madersbacher S,
Schatzl G et al: Polymorphic CAG repeats in the androgen
receptor gene, prostate-specific antigen polymorphism and
prostate cancer risk. Carcinogenesis 23(10): 1647-1651, 2002.

15 Balk SP, Ko YJ and Bubley GJ: Biology of prostate-specific
antigen. J Clin Oncol 21(2): 383-391, 2003. 

16 Xue WM, Coetzee G, Ross R, Irvine R, Kolonel L, Henderson B
et al: Genetic determinants of serum prostate-specific antigen
levels in healthy men from a multiethnic cohort. Cancer
Epidemiol Biomarkers Prev 10: 575-579, 2001.

17 Coughlin SS and Hall GJ: A review of genetic polymorphisms
and prostate cancer risk. Ann Epidemiol 12: 182-196, 2002.

18 Schuur E, Henderson G, Kmetec L, Miller J, Lamparski H and
Henderson D: Prostate-specific antigen expression is regulated
by an upstream enhancer. J Biol Chem 271: 7043-7051, 1996.

19 Yeung F, Li X, Ellett J, Trapmani J, Kao C and Chung LWK:
Regions of prostate-specific antigen (PSA) promoter confer
androgen-independent expression of PSA in prostate cancer
cells. J Biol Chem 275(52): 40846-40855, 2000.

20 Cleutjens KB, Van Der Korput HA, Van Eekelen CC, Van Rooij
HC, Faber PW and Trapman J: An androgen response element
in a far upstream enhancer region is essential for high, androgen-
regulated activity of the prostate-specific antigen. Mol
Endocrinol 11: 148-161, 1997.

21 Medeiros R, Morais A, Vasconcelos A, Costa S, Pinto D and
Oliveira J: Linkage between polymorphisms in the prostate-
specific antigen ARE1 gene region, prostate cancer risk, and
circulating tumor cells. Prostate 53: 88-94, 2002. 

22 Schatzl G, Madersbacher S, Gsur A, Preyer M, Haidinger G,
Haitel A et al: Association of polymorphisms within androgen
receptor, 5alpha-reductase, and PSA genes with prostate volume,
clinical parameters, and endocrine status in elderly men. Prostate
52(2): 130-138, 2002.

23 Rao A, Chang B, Hawkins G, Hu J, Rosser CJ, Hall MC et al:
Analysis of G/A polymorphism in the androgen response
element I of the PSA gene and its interactions with the androgen
receptor polymorphisms. Urology 61: 864-869, 2003.

24 Dos Santos RM, De Jesus CM, Filho JC, Trindade JC, De
Camargo JL, Rainho CA et al: PSA and androgen-related gene
(AR, CYP17, and CYP19) polymorphisms and the risk of
adenocarcinoma at prostate biopsy. DNA Cell Biol 27: 1-7,
2008.

25 Xue W, Irvine RA, Yu MC, Ross RK, Coetzee GA and Ingles
SA: Susceptibility to prostate cancer: Interaction between
genotypes at the androgen receptor and prostate-specific antigen
loci. Cancer Res 60: 839-841, 2000. 

26 Lai J, Kedda MA, Hinze K, Smith RL, Yaxley J, Spurdle AB et
al: PSA/KLK3 AREI promoter polymorphism alters androgen
receptor binding and is associated with prostate cancer
susceptibility. Carcinogenesis 28(5):1032-1039, 2007.

Received July 30, 2008
Revised December 3, 2008
Accepted January 14, 2009

ANTICANCER RESEARCH 29: 1395-1398 (2009)

1398



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


