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(CAG)NnCAA and GGN repeats in the human
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Alleles of the CAG and the GGC repeat in the first exon of the human androgen receptor
(AR) gene have been shown to be associated with the risk of (advanced) prostate cancer.
These studies had been carried out in the United States. We have analysed these
polymorphisms in a French-German collection of 105controls, 132 sporadic cases, and a
sample of prostate cancer families comprising 85 affected and 46 not affected family members.
The allele distributions were very similar in all four groups and chi square statistics on
contingency tables did not detect any significant differences. The relative risk (odds ratio, OR)
were calculated using logistic regression and did not reach significance despite sufficient
numbers of patients and controls. Typical results were OR = 1.007; 95% Confidence Interval
(CI) 0.97-1.1, P = 0.87 for CAG as continuous variable and OR = 1.2 (95% CI 0.7-2.0),
P =0.47 for CAG classes <22 and > =22 repeats. Similar results were obtained for
subgroups defined by age or Gleason score. We conclude that these polymorphisms can not be
used as predictive parameters for prostate cancer in the French or German population.
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Introduction

Androgens are required for the development and
maintenance of normal prostate and act via the
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androgen receptor (AR)."* The AR gene, located in the
Xqll, spans more than 90 kb of genomic DNA, and the
resulting transcription codes a protein with three major
functional domains. The N-terminal domain of the
protein which serves a transactivation function is
encoded by the 1586 bp exon 1.° This exon contains two
polymorphic repeats; a CAG stretch in the 5' portion
and a GGC stretch in the 3' portion which encode
polyglutamine and polyglycine tracts, respectively.*®
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The CAG repeat has a normal length from 8 to 31
repeats and averages about 20, whilst the normal length
of the GGC repeat is about 16.*%" Since the number of
CAG repeats has been shown to modulate AR expres-
sion® and the AR activity may influence the develop-
ment of prostate cancer, an association between CAG
repeat length and prostate cancer could have a func-
tional basis. Several studies in American populations
revealed associations of shorter CAG alleles (< 22 or
< 18) to incidence, or age of onset, or advanced stage
prostate cancer.*®*** Only one Canadian study on sibs
did not give results compatible with this association.*
The GGC repeat has been studied and found longer
(> 16repeats) or shorter (< 16repeats) in prostate
cancer patients but no linkage disequilibrium between
these two repeats was observed.*™ The risk of prostate
cancer is well known to vary according to the ethnic
origin of the population studied, with Africans having
the highest and Asians the lowest risk. The same risk
distribution has been observed in North America and it
has been shown that the length of the AR triplet
repeats varies accordingly.*

We investigated the number of GAC and GGC
repeats in controls, sporadic cases with prostate cancer,
familial prostate cancer and their non-affected relatives
in a French-German collection.

Materials and Methods

Sporadic Cases and Controls

Our study was carried out on 132patients with clinical
diagnosis of prostate cancer. They were recruited as consec-
utive cases of prostate cancer in two hospitals (Nancy and
Paris). The diagnosis has always been confirmed histologically
and the patients gave informed consent to participate in a
molecular genetic study on prostate cancer (consent from
more than 90%). The cases were considered sporadic if they
did not have an affected first degree relative and if there was
no more than one affected relative more distantly related. For
these patients, age of onset (mean 68.2, range 46-90 years)
and Gleason score (mean 5.8, = 1.7 SD) were available.

The 105controls (age distribution: mean 71.2, range
64-86 years) had originally been recruited in companies in
Paris in a sample comprising 700 individuals in 1989. They
were followed by digital rectal examination (DRE) and
prostate specific antigene (PSA) level for 7years and found
free of any signs of prostate cancer. In the case of ambiguous
results these were verified by ultrasound and biopsy.

We used these highly stringent controls because prostate
cancer is a late onset disorder and other types of controls (eg
matched pairs) are bound to be contaminated by men who
are going to develop prostate cancer later.

Familial Cases
From the 47 families (criteria according to Carter et a
for linkage analysis and described in detail by Berthon et a

I*® used
|l4

we selected 28 potentially informative for X chromosomal
inheritance because DNA of the mother was available or
there were four or more brothers. Thus, we could determine if
the affecteds did preferentially inherit the shorter or longer
allele from the mother. In addition, we used ten families from
Ulm, Germany, selected according to the same criteria which
were not included in the earlier linkage study.

Genetic Analysis

About 50 to 150 ng of genomic DNA was used in polymerase
chain reaction (PCR) to amplify the CAG or GGC region in
exonl of the AR gene. DNA was extracted by standard
methods from whole blood. The forward primer AR1
(5'-TCCAGAATCTGTTCCAGAGCGTGC-3") was taken
from Giovannucci et al.® The reversed primer AR2 (5'-CAA-
GAGGGGTTCGGGTAGCATCTC-3") was designed on the
basis of GenBank sequences of the AR gene and used to
amplify the CAG region. AR1 was labelled with Cy5, allowing
fluorescent detection. PCR was started by initial denaturation
95°C for 5min, followed by 32 cycles, each 95°C for 455, 61°C
for 30s and 72°C for 30s. Final extension was carried out at
72°C for 5min. We used Amplitag DNA polymerase (Perkin-
Elmer, Stuttgart, Germany).

The region of the GGC stretch was amplified by the PCR
primers AR5 (5'-CTATGGGGACCTGGCGAGC-3") and
AR6 (5-GGTGCGGTGAAGTCGGCTTTC-3"). The corre-
sponding PCR program consisted of 35cycles with 1 min at
98°C and 5min at 70°C as described by Irvine et al.* The
amplification of the GGC region was carried out with the
proof reading pfu DNA polymerase (Stratagene, Heidelberg,
Germany). Due to the high GC content of the latter region
some samples could not be amplified under these conditions.
In these cases we used the nested primer described by Irvine
et al* with a fluorescent label and the same PCR conditions as
described above.

The resulting DNA fragments were run on a 6% denaturing
polyacrylamide gel with automated fluorescence detection
(ALFexpress; Pharmacia Biotech, Freiburg, Germany). The
length of the PCR products and the size of the trinucleotide
repeat were calculated with the software Fragment Manager
(Pharmacia Biotech). To calculate the number of repeats, we
cloned and sequenced one CAG and one GGC stretch of a
reference. These were used as references to determine the
number of repeats in the test samples.

Statistical Analysis

The frequencies of the different CAG and GGC alleles were
determined for the different groups (controls, sporadic cases,
familial not affected, and familial cases) using the single
alleles as classes. These frequencies as well as classes of
grouped alleles (see below) were used in contingency tables
and compared between the groups by the y%® test. In the
families, we determined whether the shorter or the longer
allele had been inherited and compared these frequencies
between affecteds and non-affecteds by the % test.

The repeat numbers of the CAG and GGC repeats were
tested for correlation by the Kruskal-Wallis test and the
Spearman rank correlation test statistics. After these primary
tests, the analysis of association between AR alleles and
prostate cancer risk was restricted to the CAG repeat because
there was obviously no effect of the GGC repeat and there
was no correlation between the two repeats.

Since the logistic regression model with the CAG number
as a continuous variable did not reveal any significant result



the analysis was repeated using the repeat number as a
nominal variable. To this end, the alleles had to be grouped.
The following categories were used with sporadic cases and
controls: (A) single alleles, (B) < 22 and > = 22 according to
Ingles et al® and (C) < =19, 20/21, 22/23, > = 24, which gave
similar frequencies of cases and controls in these four classes
of our sample.

In addition, we used the categories <22 and > =22
repeats to analyse sub-samples of the sporadic cases with age
of diagnosis < =60, <65 <70 and > = T70years old.
Similarly the Gleason score was used to construct and analyse
sub-samples defined by tumour progression (Gleason score
2-5, 2-6, 4-10 and 7-10).

The statistical analyses were performed using the StatView
program (SAS, USA).

Results

The number of CAG repeats in sporadic and familial
prostate cancer, in controls, and in familial non-affected
individuals are shown in Figurel. The CAG repeat
length ranges from 14 to 31 in controls and from 13 to
30 in sporadic prostate cancers. In the familial cases the
range was from 13 to 26 in the non-affected and from 9
to 32 in the familial-affected subgroup. We observed a
bimodal distribution of the CAG repeat with peaks at
21 and 23 repeats in all of the populations studied.
The number of GGC repeats ranges from 9 to 29 in
controls and from 11 to 28 in sporadic prostate cancer.
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Figure 1 Distribution of CAG repeat numbers in the four
different groups of the study population. All four distributions
are very similar and appear to be bimodal. The two peaks are
separated by only one low frequency allele and therefore
cannot formally be proven to be separate. Since this distribu-
tion is seen in all four subgroups of which three are really
independent as well in one study on Caucasian Americans it is
most probably real.
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In familial cancer cases we observed a range from 13 to
20, and in the familial non-affected group from 13 to 22
repeats. The predominant allele had 17 repeats in all of
these populations (Figure 2).

The statistical analysis comparing repeat distribution
between the groups did not reveal any significant
differences, eg the Kruskal-Wallis test on all non-
affecteds vs all affecteds yielded ¥* = 0.587 at 1 DF with
P = 0.443 similar to the Wilcoxon two sample test.

Although the allele distribution of the GGC repeat
appeared to be almost identical in all four groups, the
combination of CAG and GGC repeats was evaluated
for correlation. The analysis revealed that the correla-
tion between these two repeats was —0.003 by the
Pearson coefficient and —-0.117 by the Spearman coeffi-
cient which is independent of distribution.

In logistic regression, the number of CAG repeats
may be used either as a continuous variable as
suggested by its effect on transcriptional activity or as a
nominal variable identifying only the different AR
alleles. The results of both approaches are presented in
Tables 1 and 2. In both cases, no significant association
between the number of CAG repeats and the risk of
prostate cancer was detected. This was also true when
the different subgroups of the sporadic cases (age,
Gleason score) were analysed separately (Table 3).

Thirty-nine patients and 22 non-affecteds were infor-
mative for CAG in 19 out of the 38 families. Fourteen
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Figure 2 Distribution of the GGC repeat numbers in the four
different groups of our study population. There are no
differences between the four groups and there is no hint to
specific occurrence or lack of alleles which might be associated
with prostate cancer.
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sib pairs out of 25 were concordant for the CAG-
repeat, seven had inherited the shorter and seven the
longer allele. Similarly, three out of nine sib trios were
concordant, two carrying the longer allele. The
expected values are 50% concordance rate for sib pairs
and 25% for sib trios, with equal probability for both
alleles. Coding the patients and healthy relatives
according to the inheritance of the shorter or longer
repeat did not reveal significant differences (Table 4).

Discussion

Prostate cancer is one of the most common malig-
nancies in men. The minority of cases are familial and it
has been shown that this familiarity can best be
explained by autosomal inheritance of a predisposing
gene.’***> Two predisposing genes have been localised
on 1g, HPC1' and PCaP.** HPC1 has been detected
mostly in American families but did not show linkage in
the French-German collection of families in which
PCaP was detected and estimated to be implicated in
the disease of 30-50% of the families."* This may reflect
a difference between the American and European
population as that reported here for the AR gene.
Beside these predisposing genes, a number of so called
susceptibility genes has been considered to be involved
in the occurrence of sporadic cases. These are the
androgen receptor gene, the vitamin D receptor gene,

the 5a-steroid reductase type 2 gene, and a homeobox
gene, NKX3.1. Some polymorphisms of these genes
have indeed been found to be associated with an
increased risk of prostate cancer.*®%*117-20

The association of the microsatellites in the first exon
of the human androgen receptor gene, the CAG and
the GGC repeat, with prostate cancer have been
studied extensively.**** The observed effects (odds
ratio) were not large (usually < 2.5) and sometimes
reached significance only in subgroups of the patients
with higher staging of the tumour*®® or when the
longest CAG repeats were compared with the smallest
ones.’

Our results are based on a French-German collec-
tion of prostate cancer patients comprising sporadic
cases, well selected controls, familial cases and their
healthy male relatives. In contrast to the earlier studies,
all comparisons (contingency tables) were far from any
significance. In fact, the observed P values are almost
all above 0.5 which makes a type 2 error (missing of a
significant difference) unlikely in our collection,
although it cannot be formally excluded.

We included almost all variants in our analysis which
had been used in the earlier studies. For example, we
used various subdivisions of the CAG alleles as used by
Ingles et al® and Giovannucci et al.® A bimodal
distribution of CAG alleles had been reported by Ingles
et al® but had not been mentioned in later publications.
We saw the same peaks at 21 and 23 repeats with a

Table 1 Odds ratios and 95% confidence intervals from logistic regression analyses for the CAG repeat in the androgen receptor
gene (105 controls, 132 sporadic cases). A) repeat number treated as a continuous variable giving the incremental increase for

adding one repeat. B) CAG repeats arranged into classes

Controls = constant Odds Cl 95% Cl 95% P-value
n=105 ratio lower upper
A) CAG continuous increment 1.007 0.92 1.10 0.87
n=132 per repeat
B) CAG nominal Patients/controls
>=24 39/28 1 - - -
>=22 — <=23 30/22 1.02 0.49 2.13 0.95
>19 - <=21 34/35 1.43 0.73 2.82 0.29
<=19 29/20 0.96 0.45 2.03 0.91

Table 2 Odds ratios and 95% confidence intervals from logistic regression analyses for the GGC repeat in the androgen receptor
gene (105 controls, 132 sporadic cases). A similar result is obtained when the cases are selected for age of onset or Gleason score
or classes of allele length are analysed. The repeat number has been treated as a continuous variable giving the incremental increase

for adding one repeat

Control = constant Odds ratio C1 95% Lower Cl1 95% Upper P-value
n=105
increment per GGC repeat 1.004 0.89 1.13 0.95




short depression at 22 repeats in all subgroups of our
patients. Therefore, we think this is not a chance
observation and it lends itself to the formation of two
allele classes. However, no difference in the risk of
prostate cancer could be attributed to these classes in
the samples studied here. Subdivision of the classes
according to age of onset or Gleason score had no
effect on our results (Table 3). Another important point
may be that we did not use matched pairs as controls
because they might be ‘contaminated’ by men who may

Table 3 Logistic regression analysis with the CAG repeat in
the AR gene split into two classes (<22 and >=22) and tested
for various subgroups of patients defined by age or Gleason
score

Control = constant

CAG nominal No. of No. of
>=22 — <22 patients controls

All sporadic cases 132 105

OR (C1 95%) P-value

1.2 (0.7-2.0) 0.47

Age (yr)
<=60 15 50 1 (Reference)
>=22 12 55 1.38 (0.59-3.22) 0.46
<22
<65 24 50 1 (Reference)
>=22 23 55 1.15 (0.58-2.29) 0.69
<22
<70 40 50 1 (Reference)
>=22 35 55 1.26 (0.69-2.28) 0.45
<22
>=70 29 50 1 (Reference)
>=22 28 55 1.14 (0.60-2.17) 0.69
<22
Gleason score
2-5
>=22 22 50 1 (Reference)
<22 14 55 1.73 (0.80-3.74) 0.16
2-6
>=22 32 50 1 (Reference)
<22 27 55 1.30 (0.69-2.47) 0.41
4-10
>=22 41 50 1 (Reference)
<22 42 55 1.07 (0.60-1.91) 0.80
7-10
>=22 16 50 1 (Reference)
<22 19 55 1.93 (0.43-1.99) 0.84

Table 4 Inheritance of CAG alleles in prostate cancer fami-
lies. Contingency table showing the frequency of affecteds
and non-affecteds who inherited the shorter or longer allele

Maternal Affected Non-affected

CAG allele

short 18 10 %'=0.003
long 21 12 P=0.958
Total 39 22
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later develop the disease. Instead, we used only old
men (mean age above 70 years) who had been carefully
watched for at least 7years to exclude any signs of
prostate cancer. If their distribution of CAG repeat
differs from that of the general population this differ-
ence is expected to be contrary to that in prostate
cancer cases and thus enhance statistical power. Fur-
thermore, we separated strictly familial and sporadic
cases because other genes could be responsible in the
familial cases and thus dilute an association.

In the families, we looked for the segregation pattern
of the maternal alleles in sibs in order to assess any
distortion, if present. However, the segregation of the
alleles was very close to chance expectations, and there
was no indication of any influence of AR alleles in the
occurrence of prostate cancer in the families. In fact, we
did not expect such an influence since familial cases are
either due to a predisposing gene or chance coinci-
dence, both independent of the AR gene.

There is no correlation between the number of the
triplets in both repeats in the sporadic cases of the
French-German sample studied here like that found by
Irvine et al* and Stanford et al.** This was also true for
other subgroups and the whole sample. Therefore
haplotypes cannot be used to indicate the risk of
prostate cancer in the sample studied here.

All five studies®®®™ reporting an association
between the number of CAG repeats and prostate
cancer were carried out in the US. Both parameters
linked in these studies, CAG repeat length and inci-
dence of prostate cancer, are also known to vary
according to ethnicity of the study population. African-
Americans carry short CAG repeats and have a high
risk of prostate cancer; men of Asian origin tend to
have long CAG repeats and a low risk of prostate
cancer, whereas Caucasians are intermediate with
respect to both. We found a difference from these
observations in the European population studied here
in that there is no prostate cancer risk associated with
the CAG repeat. We think the same would be true for
Caucasian Americans when they emigrated from
Europe. It is difficult to imagine that short alleles of
these Europeans somehow acquired the risk after
emigration. It seems more likely that the association
seen in the US-American studies reflects the mixed
population. This interpretation would also be compat-
ible with the lack of significance in the Canadian study™
in which sibs were compared to determine the influence
of repeat lengths. The fact, that significant associations
were observed in Caucasian and African-American
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subgroups® may be due to admixtures which cannot be
excluded without extended genealogical studies.

Our results cast some doubt on the assumption that
the CAG repeats and/or the GGC repeats in the
androgen receptor gene have direct influence on the
AR gene as a susceptibility gene for prostate cancer.
Despite of the effect of repeat length on transcriptional
activity in vitro® it may be that repeat length only marks
AR alleles associated with different risks. This associa-
tion may be more systematic in the mixed populations
of North America than in the French-German sample
studied here. In consequence, there may also be
differences in Europe, for example, between the Scan-
dinavian and the Mediterranean populations. In addi-
tion to the search for the biological basis of risk
differences between AR alleles it may be worthwhile
analysing the association between CAG alleles and
prostate cancer risk in different but well defined
populations.
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