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Abstract

Objective—To investigate the association between the length of the polymorphic trinucleotide

CAG microsatellite repeats in exon 1 of the AR gene and risk of prostate cancer containing

TMPRSS2:ETS fusion genes.

Methods—This nested case-control study came from subjects enrolled in the Prostate Cancer

Prevention Trial and included 195 biopsy-proven prostate cancer cases with known

TMPRSS2:ETS status and 1344 matched controls.

Results—There was no association between CAG repeat length and risk of TMPRSS2:ETS-

positive (OR=0.97, 95% CI, 0.91–1.04) or TMPRSS2:ETS-negative prostate cancer (OR=1.04,

95% CI, 0.97–1.11) and in patients with low- or high-grade disease.

Conclusion—Our findings suggested that AR CAG repeats are not associated with

TMPRSS2:ETS formation in prostate cancer.
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Introduction

The androgen receptor (AR) has been the focus of numerous studies in attempts to

understand the role of this ligand-activated transcription factor in the development and

progression of prostate cancer. It is a nearly ubiquitous protein that regulates tissue specific

genes through androgens, particularly testosterone and dihydrotestosterone (DHT),

controlling the regulation of prostate cellular proliferation and differentiation.

Residing within the large amino-terminal domain of the AR gene is a highly polymorphic

CAG repeat sequence 1, that normally ranges from 8 to 31 repeats with an average of 20

repeats 2. Increased binding affinity for androgens and a higher transactivation activity of

the AR, as well as a number of androgen-related clinical conditions including benign

prostatic hyperplasia are associated with shorter AR CAG repeats 3, 4. Several studies have

found no significant association between the AR CAG repeat length and the risk of prostate

cancer 5–7, but there is evidence that genetic variation within the AR may influence the

TMPRSS2:ETS fusions, which is detected in approximately half of all prostate cancers, and

this gene fusion has been shown to be associated with unfavorable outcomes 8–10. Bastus et

al., reporting on results from 40 prostate cancer clinical samples, showed that the CAG

repeat length was shorter in TMPRSS2:ERG fusion positive samples than in fusion negative

samples 8. Unfortunately the small sample size in that study was insufficient to find

statistically significant results. In this report, we utilized tumor specimens collected within

the Prostate Cancer Prevention Trial (PCPT), where all cases were biopsy detected and all

pathology and TMPRSS2:ETS status were confirmed by central review, to further

investigate the CAG repeat length – TMPRSS2:ETS relationship.

Methods

Study design, study population and data collection

We obtained biospecimen and study data from the PCPT, a randomized, placebo controlled

trial that tested whether the 5α-reductase inhibitor finasteride would decrease the period

prevalence of prostate cancer during a 7-year intervention. Institutional review boards at all

participating institutions approved the study protocols and all participants provided informed

consent. Details of the study design and participant characteristics were described

previously 11, 12. Briefly, 18,882 men 55 years old or older with normal digital rectal exam

(DRE), prostate specific antigen (PSA) 3 ng/ml or less and no history of prostate cancer or

other clinically significant comorbid conditions that would have precluded successful

completion of the study protocol were randomized to receive 5 mg finasteride daily or

placebo daily for 7 years with enrollment completed between 1994 and 1997. During the

course of the PCPT men underwent annual DRE and PSA measurement. Prostate biopsy

was recommended in all with abnormal DRE or finasteride adjusted PSA greater than 4.0

ng/ml. All men without a prostate cancer diagnosis after seven years on study were

recommended to undergo an ‘end of study’ prostate biopsy. Cases were men with biopsy

determined prostate cancer identified by ‘for cause’ or ‘end of study’ biopsy and who had

DNA available from white blood cells. Controls were selected from men with negative end-

of-study biopsies, and they were frequency matched to cases by age (in 5-year increments),
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treatment arm (finasteride versus placebo) and family history of a first-degree relative with

prostate cancer. Controls were oversampled on race to include all non-white subjects to

increase power for subgroup analyses. We previously evaluated the AR CAG repeat

polymorphisms in a case-control study and found no association between the AR CAG

repeat length and risk of prostate cancer 7. For this study sample, we included 195 prostate

cancer cases with archival tumor tissue available for characterization of TMPRSS2:ETS

fusion status and 1,344 controls.

Details on age, race/ethnicity, family history, physical activity (type, frequency, duration,

pace and intensity), usual alcohol consumption and smoking history were collected at

baseline using self-administered questionnaires. Clinic staff measured height and weight at

randomization and body mass index was calculated as weight in kg divided by height in m2.

Tumors were graded and categorized; we retained the same low (Gleason less than 7) and

high (Gleason 7 or greater) grade classifications as in the original trial report.

Genotyping and Characterization of TMPRSS2:ETS status

Blood collection, DNA extraction and genotyping for CAG repeat length have been

described previously 7. Unstained 5 μm sections from all biopsy cores containing cancer

were subjected to fluorescent in situ hybridization to determine TMPRSS2:ERG status. The

3′–5′ TMPRSS2 break-apart probe set comprised human DNA from two BAC clone,

RP11-35C4 (labeled with SpectrumRed) just distal to TMPRSS2 5′-end and RP11-354C5

(labeled with SpectrumGreen) proximal to the TMPRSS2 3′-end. DNA-labeling and dual-

target FISH assay were performed as previously described 13. Tumor areas were marked in

the H&E stained reference slides by a pathologist. All scorable nuclei were analyzed in the

lesions identified by the markings. Scorable nuclei have well-defined not disrupted borders,

are not covered or involved with autofluorescent background particles, have at least one

copy of the signal of interest, do not overlap with others and have at least the medium size of

all tumor nuclei in the tumor section under screen. As negative controls, areas far away from

the marked lesions and with round, epithelial-like nuclei about the same size as in the

lesions were selected and scored. These controls were used for definition of the cut-offs for

normal patterns. Specimens were classified as: (a) Negative for TMPRSS2 fusions when

showing at least 70% of cells with only fused red/green signals; (b) Positive for TMPRSS2

fusions by deletion when showing more than 30% of cells with single reds; or (c) Positive

for TMPRSS2 fusions by other mechanisms than deletion when showing more than 30% of

cells with split red and green signals.

Statistical Analysis

The distribution of baseline participant characteristics for TMPRSS2:ETS positive and

negative prostate cancer cases was compared using t-tests for continuous variables and chi-

square tests for categorical variables. Odds ratios (OR) and 95% confidence intervals (CI)

were calculated using unadjusted unconditional logistic regression to evaluate the

association between CAG repeat length and prostate cancer risk. Polytomous logistic

regression models were used to estimate the odds ratios and 95% confidence intervals for

the association of CAG repeat length with risk of TMPRSS2:ETS-negative and

TMPRSS2:ETS-positive prostate cancer. All analyses were for both all prostate cancer and
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stratified by grade. Because the transcriptional activity of the androgen receptor decreases

linearly with CAG number 14, CAG length was evaluated both as a continuous variable and

using categories from previously published studies (less than 19, 19 to 25 and 26 or greater)

in relation to prostate cancer risk. Tests for linear trend across CAG length categories were

based on an ordinal variable corresponding to rank. All p values were 2-sided and

considered statistically significant at p < 0.05. SAS® (version 9.2) was used for all statistical

analysis.

Results and Discussion

Baseline demographics and clinical characteristics of the case-control study population have

been described previously 7. Characteristics of the men with prostate cancer by

TMPRSS2:ETS tumor status are shown in Table 1. Overall, repeat length of the fusion-

positive cases (mean=21.7) showed a trend to be shorter than fusion-negative cases

(mean=22.3); however, this difference is not statistically significant (P=0.12). When

comparing cases (n=195) with TMPRSS:ETS status to cases (n=1159) without

TMPRSS:ETS status, men with TMPRSS:ETS status are younger (60.4 yrs vs. 63.4 yrs,

respectively, p=<0.001) and have higher baseline PSA values (2.11 ng/dL vs. 1.59 ng/dL,,

respectively, P<0.001) (data not shown).

The frequency distributions of AR CAG repeat length in TMPRSS:ETS positive and

negative cases are shown in Figure 1. There was no association between CAG repeat length

and risk of TMPRSS2:ETS-positive (OR=0.97, 95% CI, 0.91–1.04) or TMPRSS2:ETS-

negative prostate cancer (OR=1.04, 95% CI, 0.97–1.11) when CAG repeat length was

analyzed as a continuous variable or categorized by cutoff points (Table 2). We also found

no significant associations between AR CAG repeat length and risk of TMPRSS2:ETS-

positive or TMPRSS2:ETS-negative prostate cancer in patients with low- or high-grade

disease. Analysis of white-only race (in both cases and controls) also demonstrated no

significant association between CAG repeats and TMPRSS2:ETS fusion status (data not

shown).

Previous studies have shown that the length of CAG repeats is inversely correlated to AR

transcriptional activity, increased AR activity induced TMPRSS2:ETS formation, and CAG

repeat length of TMPRSS2:ETS fusion-positive tumors showed a trend to be shorter than

fusion-negative cases 8, 14. We undertook the current study to better define the relationship

of CAG repeat length and TMPRSS2:ETS fusion status with prostate cancer risk. To our

knowledge, this is the first study to report that CAG repeats are not associated with the

development of TMPRSS2:ETS fusion prostate cancer.

The precise effect of CAG repeats on AR function and the molecular pathways implicated in

TMPRSS2-ERG gene fusion remain to be elucidated with the common defining factor being

AR/AR-mediated signaling. In fact, changes in the homeostatic balance of AR and

coregulator occupancy on target genes may explain the variable penetrance of the CAG

repeat 15 and/or affect subsequent TMPRSS2-ETS gene fusion formation. Given the

inconsistent findings on the relationship between CAG repeat length and prostate cancer risk

across study populations coupled with the disparity in prevalence of these fusions across
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ethnic groups 16, future studies are warranted to further characterize the relationship

between CAG repeats and TMPRSS2-ETS formation in prostate cancer.
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Figure 1.
Frequency distribution of AR CAG repeat length in TMPRSS:ETS positive and negative

cases.
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Table 1

Demographics and characteristics of men with prostate cancer by TMPRSS2:ETS status of the PCPT study

participants.

All (n=195) TMPRSS2:ETS positive (n=97) TMPRSS2:ETS Negative (n=98) p-value

Mean (SD)

Age at Baseline (y) 60.44 (4.00) 60.02 (3.84) 60.85 (4.14) 0.15

BMI (kg/m2) 27.35 (3.63) 27.35 (4.03) 27.36 (3.21) 0.99

Alcohol intake (g/d) 9.49 (14.74) 8.85 (12.88) 10.13 (16.42) 0.54

Baseline PSA (ng/dL) 2.11 (1.66) 2.06 (1.76) 2.15 (1.55) 0.72

CAG repeat length 22.0 (2.9) 21.7 (2.5) 22.3 (3.2) 0.12

n (%)

Race 0.15

 White 182 (93.33) 88 (90.72) 94 (95.92)

 Non-white 13 (6.67) 9 (9.28) 4 (4.08)

Family history 44 (22.56) 25 (25.77) 19 (19.39) 0.29

Diabetes 10 (5.13) 6 (6.19) 4 (4.08) 0.51

Treatment Arm 0.09

 Finasteride 84 (43.08) 36 (37.11) 48 (48.98)

 Placebo 111 (56.92) 61 (62.89) 50 (51.02)

Smoking Status 0.07

 Never Smoker 65 (33.33) 39 (40.21) 26 (26.53)

 Current Smoker 8 (4.10) 5 (5.15) 3 (3.06)

 Past Smoker 122 (62.56) 53 (54.64) 69 (70.41)

Physical Activity 0.90

 Sedentary 35 (18.04) 19 (19.79) 16 (16.33)

 Light 86 (44.33) 41 (42.71) 45 (45.92)

 Moderate 57 (29.38) 27 (28.13) 30 (30.61)

 Active 16 (8.25) 9 (9.38) 7 (7.14)

Gleason <0.01

 Gleason 2–6 143 (73.71) 81 (83.51) 62 (63.92)

 Gleason 7–10 51 (26.29) 16 (16.49) 35 (36.08)
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