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ABSTRACT

Introduction. Prostate cancer (PCa) is a worldwide health
issue, because of its high incidence and mortality. Its etiology
is complex and includes certain risk factors such as age, hor-
monal status, ethnic origin and family history of PCa. Genet-
ic predisposition is proposed as a major risk factor and there
are several controversial reports on the association of PCa
and gene polymorphism such as the receptors of the androgen
receptor (AR) and the vitamin D (VDR). Objective. To evalu-
ate the CAG triplets repetitions in the first exon of the AR and
polymorphisms in the restriction site Taql in the VDR in
Mexicans with PCa. Material and methods. A total of
68 Mexicans with histopathological diagnosis of PCa and 48
healthy Mexican with normal prostate specific antigen and
rectal exam where included. 10ml of peripheral blood were ex-
tracted to isolate DNA and the polymorphisms were evaluated
with specific primers for the AR and VDR. Results. The allelic
and genetic distributions of the AR and VDR polymorphisms
were consistent with the Hardy-Weinberg equilibrium, and
there were no statistical differences between the PCa patients
and controls (p > 0.05). However, there was a statistical dif-
ference between the number of CAG repeats in younger pa-
tients with PCa compared to controls (p = 0.045) but when the
young patient group was compared versus the elder group
there was not stadistically difference (p = 0.085), but the re-
sults showed a tendency towards less repetitions of CAG in el-
der patients. Concerning the VDR, when we analyzed the

Asociacion entre polimorfismo de
androégenos y receptores de vitamina D con riesgo
de cdncer prostdtico en una poblacién mexicana

RESUMEN

Introduccién. El cdncer de préstata (PCa) es un problema de
salud mundial, tanto por su elevada incidencia como mortali-
dad. Su etiologia es compleja e incluye factores de riesgo recono-
cidos como la edad, estado hormonal, origen étnico y
antecedentes familiares de PCa. El fondo genético es un factor
de riesgo y existen reportes controversiales de la asociacion de
PCa y polimorfismos en los genes como son los receptores de vi-
tamina D (VDR) y el de andrégenos (AR). Objetivo. Evaluar las
repeticiones de tripletes de CAG en el primer exon del AR y poli-
morfismos en el sitio de restriccion Taql en el VDR en mexica-
nos con PCa. Material y métodos. Se incluyeron 68 mexicanos
con diagnostico histopatolégico de PCa y 48 mexicanos con nive-
les normales de antigeno prostdtico y tacto rectal normal. Se les
extrajo 10 mL de sangre periférica para aislar DNA y mediante
oligos especificos se evaluaron los polimorfismos mencionados.
Resultados. La distribucion alélica y genotipica de los polimor-
fismos en el AR y VDR fueron consistentes con el equilibrio de
Hardy-Weinberg, y no mostraron diferencias significativas entre
los casos y controles (p > 0.05). Sin embargo, el niimero de repe-
ticiones de CAG en el AR fueron estadisticamente diferentes en
pacientes jovenes con PCa comparados con los controles (p =
0.045), cuando se comparé el grupo de pacientes de jovenes con-

1T Both authors participated equally in the work and writing of this paper.

Revista de Investigacion Clinica / Vol. 59, Nim. 1 / Enero-Febrero, 2007 / pp 25-31
Version completa de este articulo disponible en internet: www.imbiomed.com.mx



patients with PCa and a bad pathological prognosis they had a
less frequent genotype of TT (p = 0.03). Conclusions. Our re-
sults suggest an association between the VDR and AR gene
polymorphisms, and the hystopathological score and age at di-
agnosis in Mexican patients with PCa, respectively. However, it
is important to confirm these results in a larger scale study.

Key words. Prostate cancer risk. Androgen receptor. Vita-
min D receptor. Prostate cancer genetics.

INTRODUCTION

Prostate cancer (PCa) is the most common can-
cer diagnosed in older men, and it is the first cau-
se of cancer death in men older than 50, with a
rate of 25.5 per 100,000 Mexicans in 2001. In
Mexico, PCa represents 16.6% of all cancers in men,
being the third cause of cancer in men older than
40 and the first tumor in men over 50. In 2001 the
PCa incidence was of 5,911 and caused 4,030 dea-
ths.! Despite its high morbidity, the etiology of
PCa remains largely unknown. The only establis-
hed risk factors are age, race and a family history
of PCa. Some studies have implicated other risk
factors like androgens, diet, physical activity,
sexual activity, inflammation and obesity, but it is
not clear what are their roles in PCa etiology.
Some researchers have proposed that about 42 %
of the PCa risk is due to genetic causes.? Taken
alone, the different susceptibility genes present
low absolute risk; however, there are some genes
that have been suggested to be involved in the in-
cidence and progression of sporadic PCa. Among
them are the androgen receptor (AR) and vitamin
D receptor (VDR) genes®* but the exact mechanis-
ms by which these hormones affect this process
are unknown.

The AR gene is located on the chromosome X, its
N-terminal domain has a transactivation function co-
dified in the exon 1, which contains two polymorphic
repeats: CAG and GGC at the 5’ and 3’ portion, whi-
ch codify for polyglutamine and polyglycine, respecti-
vely.5 The length of the CAG repeats varies among
individuals, and it is believed that these polymor-
phisms are related to the transcriptional activity of
the AR gene. The CAG repeat has a normal length
range between 8 and 31 units, with an average of
20.5 There are several studies that have revealed an
association between the shorter alleles with a more
active AR and this allele is also predominant in the

tra aquellos mayores de 60 afios no se encontré diferencia esta-
disticamente significativa (p = 0.085); sin embargo, se observé
una tendencia de un niimero menor de repetidos CAG en pa-
cientes mayores con PCa. Por otra parte, al comparar VDR en los
pacientes con PCa de mal prondstico por el patrén histolégico te-
nian menor frecuencia de genotipos TT (p = 0.03). Conclusio-
nes. Nuestros resultados sugieren una asociacién entre los
polimorfismos de los genes del VDR y AR, vy el patrén histolégico
y la edad al diagnéstico en pacientes mexicanos con PCa, respec-
tivamente. Sin embargo, es necesario confirmar estos resultados
en un estudio con mayor niimero de pacientes.

Palabras clave. Riesgo de cdncer de prostata. Receptores
andrégenos. Receptor de vitamina D. Genética de cdncer de
préstata.

population at higher risk for PCa, as well as a more
aggressive pattern of Pca.” However there are other
reports that have not found this association.3°

The VDR is a member of the steroid/thyroid hor-
mone nuclear receptor family, and plays an impor-
tant role in the proliferation and differentiation of
normal and malignant cells.!® In several studies po-
lymorphism in the VDR gene has been reported to be
associated with PCa. The hormone activity requires
binding to the VDR, which contains several genetic
polymorphisms that have been associated with the
risk of PCa. The VDR gene consists of nine exons
and has several polymorphisms in intron 8 and exon
9. There are several restriction fragment length po-
lymorphisms that have been studied in the VDR
gene which include: Taql, Bsml, Apal, poly(A), and
FokI.1! Recent studies have shown that homozygous
patients for a less active VDR form have 4 to 5 times
increased risk of localized Pca.!2 Among the identi-
fied markers, the Tagl polymorphism in exon 9'2 is
one of the most promising prospects, however, in
pooled data on current reports of the VDR gene po-
lymorphisms and risk of PCa the results are still in-
conclusive.*In this paper we studied the influence of
the AR and VDR polymorphisms in sporadic PCa
Mexican patients and healthy Mexican controls.

MATERIALS AND METHODS
Subjects

We included a total of 68 Mexican patients (born
in Mexico from Mexican parents and grand parents)
with hystophatological diagnosis of PCa by trans-
rectal biopsy, with no family history of PCa. The
control group consisted of 48 healthy Mexican men
older than 65, with no previous history of prostate
pathology at screening, with normal serum prosta-
te-specific antigen (less than 4 ng/mL) and normal
digital rectal examination. In case of doubt an ultra-
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sound-guided biopsy was performed with no evidence
of PCa in any of the twelve cores. All the patients
and controls gave their informed consent to partici-
pate in this study, according to the protocol previous-
ly approved by the Ethics Committee of the IMSS
Biomedical Research Center.

Genetic analysis

DNA isolation. Genomic DNA was extracted from
10 mL of peripheral blood by the methods of phenol/
chloroform.

The study of CAG repeat polymorphism in exon 1
of the AR gene was genotyped as described by Co-
rrea, et al.” Reaction mixtures containing 50 ng of
genomic DNA, 10 pmol of each oligonucleotide pri-
mer (5-“TCC AGA ATC TGT TCC AGA GCG TGC-3¢
and 5-CTC TAC GAT GGG CTT GGG GAG AAC-
39), and 0.5 unit of Taq polymerase. PCR conditions
consisted of 27 cycles of 95 °C for 45 seconds, 70 °C
for 30 seconds, and 72 °C for 30 seconds. The initial
denaturation and final elongation steps were length-
ened to 3 min. The PCR product obtained were
analyzed on a 6% polyacrylamide gel. The size of the
amplified AR was 234 bp.

For the VDR gene Taql polimorphism, a 745 bp
DNA fragment was isolated using the forward primer
in the intron 8, 5’-CAG AGC ATG GAC AGG GAG
CAA -3’ and the reverse primer, 5’-CAC TTC GAG CAC
AAG GGG CGT TAG -3’ in exon 9. Thirty-two cycles
of PCR were performed; each cycle consisted of 94°C
for 30 seconds, 67 °C for 30 seconds, and 72 °C for 30
seconds. The initial denaturation and final extension
were carried out for 7 min. The amplified product
was digested with 0.2 uL of the enzyme Tagq! for 90
min at 65°C and electrophoresed on a 2 % agarose gel
stained with ethidium bromide, and visualized under
UV light. The VDR alleles were named as TT, Tt and
tt, where uppercase and lowercase letters represent
the absence and presence of restriction sites. The size
of the amplified VDR was 740 bp, when the T allele
was present there was restriction and the products
sizes were of 495 bp and 245 bp; compared to the t
allele with the restriction site present with products
sizes of 290 bp and 205 bp.

Statistical methods

The agreement of genotype distribution to the
Hardy-Weinberg expectations was checked by exact
tests. Allele frequencies were estimated by gene
counting method. Genetic differentiation between
groups and controls was established by pairwise

comparisons by exact tests. Odds ratios (ORs) were
computed for specific alleles. T student test was also
applied to compare the AR CAG repeats. Patients
were subdivided into three prognosis groups accor-
ding to their histopathological Gleason score, and
also according to their age at diagnosis, into less
than 60 and older than 60 year old.

RESULTS

Cases were slightly younger (62.93 + 17.8 years
old) compared with control (69.92 + 10.17 years old)
but these were not statistically different.The obser-
ved and expected genotype frequencies for the AR
and VDR polymorphisms were consistent with those
predicted by the Hardy-Weinberg equilibrium.

The average AR CAG repeats was 8.79 = 2.65 for
the PCa group and 8.28 = 2.34 for the control group,
when the t Student was applied, it did not reveal any
statistical difference (p > 0.05). Neither was there
any statistical difference when PCa patients were
compared according to their histopatological Gleason
score, with similar mean values between groups (7.12
+ 2.57 for the good, 8.46 + 2 for the moderate, and
8.43 + 3.11 for the worse pathology pattern).

The PCa patients were also grouped depending on
their age at diagnosis (less than 60 and older) ma-
king them comparable to the control group that is
older than 60 years old. When we compared the
number of AR CAG repeats between the younger age
at diagnosis of PCa and controls, there was a statis-
tical difference (p = 0.045 IC 95% -3.46 to -0.0.4).
There was not statistical difference between PCa
groups, younger than 60 compared to the older than
60 (p = 0.085 IC 95% -3.53 to —0.54), however this
results only showed a tendency to a lower average
of CAG repeats in the elder PCa patients at diagno-
sis (U-Mann-Whitney test, p = 0.060) (Table 1). Fi-
nally, we carried out a Spearman correlation test for
the number of CAG repeats with the age at diagnosis
and the pathology prognosis in PCa patients, with
no statistical difference. However, these results
must be considered cautiously because of the small
sample size studied (Table 2).

Table 1. AR gene polymorphisms of CAG,, repeats and age of onset.

Onset age Patients Average Variance SD
Early

<60 years 17 9.706 7.221 2.687
Non-early

> 60 years+ 49 7.816 6.653 2579
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Table 2. AR and VDR genotype frequencies in mexican PCa patients and controls compared according to their histopathological pattern by its Gleason score.

Polymorphisms Good prognosis Moderate prognosis Bad prognosis Controls
CAG repeats 712+257 8.46+2 8.43+3.11 8.28 +2.34
TT frequency 50 65.2 35.7G 60.4

Tt 40 304 57.7 39.6

it - 1.3 7.1 -

The VDR alleles showed no statistical differences
among the PCa group and controls. When PCa pa-
tients were grouped according to their histopatholo-
gy Gleason score, controls and PCa patients with
good and moderate pathological pattern had a simi-
lar distribution for the VDR gene polymorphism
(p > 0.05). However, PCa patients with poor prog-
nosis presented a lower frequency of T'T genotypes,
compared to controls, in both allelic frequencies
(p = 0.0301; OR 2.25, IC 95% 1.0719-4.7294) and
genotype distribution (p = 0.0377; OR 0.364 IC 95%
0.1027-1.048). These results indicated that it was
1.75 times more probable to find genotypes Tt and tt
in PCa patients with poor prognosis than in con-
trols. On the other hand, PCa patients were compa-
red according to their pathological prognosis: the
patients with poor prognosis showed a diminished
frequency of the TT genotype (p = 0.03, OR 3.37, IC
95% 1.06-10.71) associated with an increase on the
Tt genotype (p = 0.05, OR 0.32, IC 95% 0.10-1.04)
compared to the moderated prognosis group (Table
2). The small sample of PCa patients with good
histopathological prognosis limited the statistical
power of the tests (n = 8). A greater sample size
will be needed in order to confirm these associations.

DISCUSSION

PCa is a worldwide health issue, not only because
its high incidence and mortality, but also because up
to date there is no complete knowledge of its cause
and risk factors. As it is well known, PCa is multi-
factorial, in which there is an interaction of genetic
susceptibility and potentially co-dependent variables
such as diet, environmental exposure, age and DNA
sequence polymorphisms that are responsible for the
risk of Pca.l® In this paper we evaluated two poli-
morphisms in two receptor genes that might be as-
sociated with PCa in a Mexican population, which to
our knowledge is the first study in Mexico with the
benefit of a population of a specific race.

The studies of genetic-association are of great va-
lue in understanding the pathway of disease; this is
why the AR gene has been studied extensively due to

the hormonal dependency of PCa and its involve-
ment in androgen regulation, metabolism and their
related pathways. It has been shown that there is an
inverse relationship between CAG length and AR
transactivation function, which translates into the
shorter the CAG alleles are better in activating gene
transcription.’® Coetzee and Ross!? hypothesized
that the racial differences seen in PCa susceptibility
may be due in part to variability in the AR CAG re-
peat length.® However, because the association be-
tween AR repeat length polymorphisms and PCa is
small, other factors also must be involved.

Our results were only marginally suggestive for an
association of the CAG repeat (treated as a continuo-
us variable) and PCa risk, with a maximal effect
when the size is smaller than previously suggested.
Irvine et al.l® reported that increased CAG length
inhibited both basal and coactivator-mediated AR
transactivation activity in cultured prostate epithe-
lial cells that were cotransfected with AR constructs
of up to 42 repeats and p160 coactivator expression
vectors. This could explain how a decreased repeat
length may make the prostate more vulnerable to
chronic androgen stimulation, leading to increased
proliferative activity, which may enhance the rate of
somatic mutations.!® On one hand, it has also been
shown that the AR repeat polymorphisms is asso-
ciated with the incidence of other androgen-related
clinical conditions; specifically, a high number of re-
peats seem to adversely influence fertility and sperma-
togenesis?® and bone density.?! On the other hand,
fewer CAG repeats are associated with increased risk
of baldness?2 and benign prostatic hyperplasia,?3-26 al-
though this has not always been confirmed.?"?8 Con-
cerning PCa, there are contradictions between the
different papers in the literature, some authors re-
port an inversely proportional relation between the
number of CAG repeats (allele length) and risk of
Pca,?®30 aggresivity,3! and risk variations according
to the smoking status.32 Other researchers have not
found this association between CAG length and an
increase in PCa risk. This is the case of our results,
in which we found a high frequency in the distribu-
tion alleles 7, 9, and 10, which did not represent any
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significant differences between the two groups (p =
0.913), in brief, we did not find an influence of the AR
alleles and PCa risk in Mexicans, which complies
with previous reports of different populations.

Concerning the race differences, Balic et al, found
that the prevalence of shorter CAG repeat was lower
in Hispanic men compared to other white men, and
that these short CAG repeats are associated with an
increased PCa risk in Hispanic men.3? However,
their results do not correlate with ours; this could
be partly explained because the Hispanic population,
however does share a common a Spanish back-
ground, that has a great variability accounted by di-
fferent native Amerindian populations, which result
in a group relatively heterogeneous. Because of the
characteristics and number of our patients, these di-
fferences could have not been detected.

Finally, although the number of CAG repeats has
been associated to an earlier age (< 60 years old) at
diagnosis,® we identified a relationship between a
greater number of CAG repeats and an earlier age at
diagnosis (p = 0.0123), which does not agree with
previous reports. This variation could be explained by
a high ethnic variability that was explained earlier.

Regarding Dihidroxyvitamin D or calcitrol, it is
well known its primary effect on bone and calcium
homeostasis. However, it has also been shown that
calcitrol acts via the VDR, a nuclear transcription
factor that belongs to the steroid hormone receptor
family, which is involved in the regulation of in vi-
tro cell proliferation and differentiation.? The VDR,
which dimerizes with the retinoid X receptor, binds
to 1a,25 (OH)D3 promoter sites and regulates the
transcription of many genes in more than 30 diffe-
rent tissues, including the prostate, thereby empha-
sizing its pleiotropic actions. The above with the
epidemiological association of reduced ultraviolet ra-
diation exposure and vitamin D insufficiency that
are associated with the PCa risk.?

There are other biochemical data supporting a
link between 1,25(0H)2D3 and PCa by direct inhibi-
tory effects on PCa cells, by an influence on apopto-
sis, cell differentiation, cell cycle arrest, growth
factors, inhibition of metastases and angiogenesis in
a cell specific manner.36 So, it has been proposed
that VDR gene could influence the behavior of PCa
and other cancers, including ovarian, breast, mela-
noma, sarcoma, and colon.

There are several studies in the literature that have
shown that inherited polymorphisms in the 3’UTR of
the VDR gene correlate with its transcriptional activi-
ty and mRNA stability in mini-gene receptor cons-
tructs. There are other studies that have determined

the VDR genotypes in different populations. Most of
these studies have not detected Tagl polymorphism as-
sociated to PCa or benign prostatic hyperplasia.?” We
did not find a statistical difference among PCa and
healthy individuals in distribution of the VDR alleles.
However, there are other papers that have only shown
a weak but statistically significant association between
Taq! polymorphism and PCa risk, however there is no
strong association between the VDR genotype alone
and lethal metastatic PCa in the literature. We howe-
ver did find that when the PCa patients were grouped
according to their histopathology Gleason score, the
patients with poor prognosis presented a lower fre-
quency of T'T genotypes, which indicates that it is 1.75
times more probable to find genotypes Tt and tt in
PCa patients with poor prognosis than in controls,
and a poor prognosis pattern with a diminished
frequency of the TT genotype. These are interesting
findings; however caution must be taken because a
larger cohort of Mexicans should be studied in order to
confirm this association.

It is important to take into account that among
the limitations of this study is the limited number of
patients, the follow-up of the PCa patients in order
to better understand the prognosis, as well as the li-
mitation on the different polymorphisms, this is why
we consider that there is a need for a more thorough
study of Vitamin D and androgen receptor polymor-
phisms in the Mexican population.

CONCLUSIONS

The present study on Mexican men did not reveal
any significant difference in AR polymorphism in
PCa patients compared to controls, neither an asso-
ciation between the t allele in the VDR an the risk
of PCa, which agrees with other studies in the lite-
rature. However, when the genotypes and alleles
were correlated with PCa pathology prognosis, there
was a significant difference between patients with a
poor prognosis and the rest of our population. This
has not been previously reported, therefore it is im-
portant to confirm our results in other populations
as well as study the steps involved in the levels of vi-
tamin D and the Gleason score.

Our results show that there is a role of the VDR
and the AR that could influence the development and
progression of PCa, however, this relationship is very
complex because of the ethnic and environmental in-
fluence. This is the first study in a Mexican population
with PCa and genetic polymorphisms; further stu-
dies with larger sample sizes should be done to con-
firm these observations.
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