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ABSTRACT high risk for prostate cancer development. Other genetic features sug-
gested to be involved in prostate cancer include mutations IBR@AL
(15) andBRCA2genes (16), as well as common polymorphisms of a

) ) ; ) number of candidate genes, such as &eductase, vitamin D receptor,
androgen-independent cancer. Occasionally, germ-line mutations have

been found, but a link betweenAR mutations and predisposition to human and theAR’ gene (17__19_)' ) ) o
prostate cancer has not been firmly established. Recently, two independ- ~ Because AR protein is a key mediator of growth signaling in the
ent studies reported the same germ-line mutation at codon 726 in exon E prostate, many investigators have considek&hs a candidate pros-
(CGC to CTC) in two apparently unrelated Finnish prostate cancer tate cancer susceptibility gene. TAR gene contains two polymor-
patients. This arginine to leucine substitution was reported to alter the phic trinucleotide repeat regions in exon &) @ CAG repeat (coding
transactivational specificity of the AR protein. In the present study, the  for polyglutamine); and (b) a GGC repeat (polyglycine). The length of
R726L mutation was analyzed by allele-specific oligohybridization in e CAG repeat sequence is inversely correlated with the transactiva-
DNA specimens from 418 consecutive prostate cancer patients who re- tional activity of the AR. Irvineet al. (20) proposed that men with

ported a negative family history (sporadic group) and from 106 patients R .
with a positive family history (hereditary group). The population fre- short CAG repeats would have an increased risk of prostate cancer.

quency of the R726L mutation in blood donors was 3 of 900 (0.33%). In Subsequently, Giovannucet al. (21) and Stanforcet al. (22) con-
contrast, eight (1.91%) mutations (odds ratio= 5.8; P = 0.006) were ducted a case-control study and found an association between a low
found in the sporadic group, and two (1.89%) mutations were found inthe number of AR gene CAG repeats and an increased risk of prostate
hereditary group (odds ratio = 5.8; P = 0.09). Suggestive evidence of the cancer. In particular, short CAG repeat sequence was strongly asso-
segregation of the mutation with prostate cancer was seen in these two ciated with cancers characterized by extraprostatic extension, distant
families. The present study indicates that the R726L substitution in the metastases, or poor histological differentiation. However, not all au-
AR may confer an up to 6-fold increased risk of prostate cancer and may thors have been able to confirm these findings (23, 24).

contribute to cancer development in up to 2% of Finnish prostate cancer Numerous specific mutations of tAéR gene have also been reported

patients. These results warrant additional large-scale studies of the sig- . h ot tient the And R or G
nificance of rare mutations and polymorphisms in candidate genes along N NUMan prostate cancer patients (see the Androgen Receptor Gene

Mutations of the androgen receptor (AR) gene have been reported in
prostate cancer, usually from tumor tissue specimens from late-stage,

the androgen signaling pathway as risk factors for prostate cancer. Mutations Databasy Many of these mutations occur in regions of the
gene coding for the ligand- or DNA-binding domains of the AR, and
INTRODUCTION functional studies have indicated that such mutations often alter the

specificity of the transcriptional response of the AR to androgens, anti-

In many Western countries, prostate cancer is the most commardrogens, and other steroids. In many cases, the mutations have only
malignancy among men, who have a cumulative lifetime risk of 1 in Ifeen studied from the tumor tissue, with the highest prevalenédrof
or greater (1). Prostate cancer is believed to arise as a result ofnautations reported in metastases of patients with hormone-refractory
interplay of genetic factors, endogenous hormones, and environmediséase (25, 26). The germ-line origin of such mutations has been estab-
influences, with the strongest known risk factors being age, ethnic origiished in only two reports (27, 28), but the role of such mutations in the
and positive family history (2-7). Male relatives of prostate canceenetic predisposition to prostate cancer has not been firmly established.
patients have a 2-5-fold elevated risk of cancer. Up to 5-10% of allElo et al. (27) described an R726L germ-line mutation of thR
prostate cancers may result from an inherited predisposition. Up to segee in a prostate cancer patient from Northern Finland. We recently
genetic predisposition loci for prostate cancer have been found in gengsignd the same mutation in another Finnish prostate cancer patient
linkage studies (8—14). These include three predisposition loci on chighen screening foAR mutations by single-strand conformational
mosome 1: (RHPC1(8) at 1q24-q25; (bHPC2at 1q42 (9); and {ca  polymorphism in six patients whose cancers appeared during finas-
putative prostate-brain tuma€APB) locus at 1p36 (10). Other chromo-eride treatment for benign prostatic hyperplasia (29). The R726L
somal regions suggested to harbor prostate cancer susceptibility |@gitation affects the hormone-binding region in exon E and was
include Xg27-q28 (HPCX; Ref. 11), 11p (12), 16q (13), and 20913 (14pported to lead to activation of the AR not only by dihydrotestoster-
All of these loci are suspected to harbor rare gene mutations conferringi and testosterone but also by estradiol (27). The fact that this
mutation has not been found in any published study ofARegene

R;:ceived 3/27/0(:; aqceptedh9/15/90|- . . suggests that it may represent a unique Finnish mutation. Here we
chaTrgisc.ofﬁ?sogrﬂﬁf)elfnaﬁftntﬁ;tefﬁr:rggi;vrigeydrﬁgmnﬁfrﬁgnlﬁ;cioprzgrr?f; iy &halyzed the frequency of the R726L mutation in over 1400 speci-
18 U.S.C. Section 1734 solely to indicate this fact. mens from blood donors, consecutive prostate cancer patients with no
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AR R726L MUTATION IN PROSTATE CANCER

Table 1 R726L mutation in Finnish prostate cancer patients and families Genetic Analyzer (Perkin-Elmer) according to the manufacturer’s instructions.
No. of Total no. of 95% Confidence  Run results were analyzed by use of the Genescan 2.1 and Genotyper 2.0
mutations (%)  ARalleles p OR interval (Perkin-Elmer) computer programs.
Controls 3(0.33) 900 1.0 Statistical Analyses. Statistical analyses were performed using GraphPad
Sporadic 8(1.91) 418 0.006 5.8 1.5-22.1 InStat version 2.04a (GraphPad Software, San Diego, CA). Correlations were
Familial 2(1.89) 106 0.09 5.8 0.95-34.8 made with the two-tailed Fisher’s exact tegttest, andy? test for linear trend.

Comparison of the ages was made using the two-tailed Studetd'st. In
addition, the OR and 95% confidence intervals were calculated.

MATERIALS AND METHODS
RESULTS

Patients. We collected blood samples from 418 consecutive sporadic pros-
tate cancer patients at TAUH between 1996 and 1999, 106 patients with £5erm-line R726LAR mutation was found in 8 of 418 (1.91%)
positive family history of prostate cancer from the whole of Finland, and 778nsecutive prostate cancer patients collected at TAUH between 1996
healthy blood donors (656 men and 122 women) from the Tampere regiomnd 1999 (Table 1). All of these patients reported a negative family

During the sample collection, 559 new prostate carcinomas were diagnoggstory for prostate cancer. On the basis of the analysis of blood
at TAUH. Twenty-five percent of the patients were excluded from the presegbnors from the same hospital region, the carrier frequency of R726L
stud_y_becagse of a positive family history fqr prostate cancer or th_e_ir refL_Jsa s established as 3 of 900 people (0.33%), which is significantly less
participate in the study. One hun_dred_a_md six prostate cancer families W'Itltl t%%n the frequency of the R726L mutation among the prostate cancer
or more affected cases were identified through referrals from physicians,. g
family questionnaires sent to patients, and newspaper, radio, and televisﬁ(ﬂ%lems (OR=5.8; P_: 0.006). . .
advertisements. A sample from one randomly chosen affected case from each"® R726L mutation was also found in 2 of the 106 patients
family was screened for the R726L mutation. (1.89%) with a positive family history for prostate cancer (65.8;

Written informed consent was obtained from all patients and their famif§ = 0.09). Analysis of additional affected and unaffected cases from
members, and research protocols were approved by the Ethical Committe¢h&fse two families indicated that the mutation was systematically
TAUH. Diagnoses of all prostate cancer patients were confirmed throughesent in all affected cases, whereas unaffected male individuals
medical records or the Finnish Cancer Registry. The patients’ family historiggere not carriers.
for malignancies were documented from family questionnaires completed bygecause the R726L mutation was also found in eight prostate
the patients. Prostate cancer was considered “sporadic” when the patLe&tlcer patients who reported no family history of prostate cancer, we

reported no first- or second-degree relatives with prostate cancer. ) . e .
The population frequency of the R726L mutation was established by anceenstructed extended pedigrees from their families based on family

lyzing DNA specimens from 778 anonymous, unselected healthy blood donGiestionnaires sent tq the patlents. Two of these patients turned out to

from the Tampere region (656 men and 122 women). Together, these spgaye a maternal relative with prostate cancer.

mens allowed us to scan for the allele frequency of the R726L mutation on 900Clinical features of the R726L mutation-positive prostate can-

X chromosomes. cers were compared with those of noncarriers (Table 2). There
ASO Hybridization to Detect R726L. Genomic DNA was amplified were no significant differences in tumor stage, metastasis stage, or

using primers 5’-CCCAACAGGGAGTCAGACTTA-3ind 5'-CCTGGAGT- tumor grade between these groups. The average age at prostate

TGACATTGGTGA-3'. One hundred ng of DNA was amplified by 35 cyclecancer diagnosis was slightly lower in patients harboring the

of PCR in reactions containing 20Qvnof both primers, 200um of each  R726L mutation (65.5+ 7.0 years; range, 59—79 years) as com-

deoxynucleotide triphosphate, 50 Cl, 10 mv Tris-HCI (pH 8.3), 1.75 m pared with the rest of the prostate cancer patients (68.8.3

MgCl,, 0.001% (w/v) gelatin, and 2.5 units of AmpliTagGold DNA poly- . _ L e
merase (Perkin-Elmer, Norwalk, CT). After an initial denaturation step of l)égars, range, 48-92 years), but this difference was not statistically

min at 95°C, the cycle parameters were as follows: 95°C for 30 s, 57°C fo ignmcant (P=0.25). . L
min, and 72°C for 1 min, with a 5-min extension at 72°C after the last cycle. 10 €xplore whether the R726L mutations shared the same origin,
Mutation detection was done using ASO hybridization as described by Frietfe studied the distribution of the adjacekiR CAG repeat in the 13
manet al. (30) with the following exceptions: (a) filters were prewet and wellgnutation carriers. Strong evidence of linkage disequilibrium was
were washed with 0.4 Tris-HCI (pH 7.5); (b) probes were end-labeled withobserved between the two different loci at the same gene. Eleven
2P at 37°C for 3 h by terminal deoxynucleotidyl transferase (Amersham Liteases (85%) had 26 CAG repeats, and the remaining two cases had 25
Science Inc., Cleveland, OH); and (c) hybridizations were performed at 54°%§nd 27 repeats. As compared with the distribution of the CAG repeat
ASOs used in hybridizations were 5'-AGGCTTCCGCAACTTACA{@IId  jengths in the general Finnish population, the CAG repeat length of 26
%pn?jr;ds ivgnifgI\Zg;;gﬁﬁﬁ:;ﬁ?ﬁjg‘g;atg’:géi :nTv‘;t:‘ti'r?;lf;;é“i‘fe is rather long. In the unselected Finnish population, the average CAG

H 5
ASO hybridization. All samples with R726L mutation as well as 42 random%/%peat length is 21.& 2.6 Only 2.7% of men have 26 CAG repeats,
chosen samples negative for mutation were sequenced with ABI PRISM 310
Genetic Analyzer (Perkin-Elmer) as recommended by the manufacturer. Primfable 2 Tumor characteristics of the R726L mutation carriers compared to sporadic

ers used in sequencing were the same as those used for PCR. prostate cancer patients
Analysis for CAG Repeats in the AR. To explore whether the R726L R726L mutation No. mutations

mutation had a common origin, we analyzed the length ofAR&€AG repeat n = 13 (%) n = 410 (%) P
in all mutation carriers. If the R726L mutation represented an ancient founder tumor-stage 0.58
mutation, one would expect to find that neighboring genetic markers onthe X 1+ 2 6 (46) 225 (55)
chromosome, such as the CAG repeat, would also be shared between the 3+ 4 7(54) 185 (45)

: B i ) ) Metastasis-stage 0.53
mutation carriers. The distribution of CAG repeats in the R726L carriers was 7 (54) 281 (69)
compared with CAG repeats of 811 Finnish blood dorfofie fragment 1 3(23) 62 (15)
containing the CAG repeat was amplified by PCR using previously published  Unknown 3(23) 67 (16)
primers (20), with the exception that the other inner primer was labeled with WHO grade 0.46°
5'-6-6-carboxyfluorescein. Electrophoresis was performed using the ABI 310 | g Eigg ;gg ggg

I 4(31) 72 (18)

5N. Mononen, M. Matikainen, J. Schleutker, P. A. Koivisto, T. L. J. Tammela, and 2 Fischer’s exact test.
O-P. Kallioniemi. TheAR CAGrepeat and its relationship to prostate cancer, manuscript ° y? test.
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a significant difference as compared with R726L mutation carrieREFERENCES
= - 950 i i _ :
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