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Abstract: While androgen and androgen receptor (AR) activity have been strongly implicated in prostate cancer 
development and therapy, the influence of the CAG repeat, which is found within the first exon of the AR gene, on 
prostate carcinogenesis is still unclear. We investigated the differences in the length of the CAG repeat between 
prostate cancer patients and controls in the Chinese population as well as between TMPRSS2:ERG fusion positive 
and negative samples. A general association between prostate cancer and either longer or shorter AR CAG repeat 
length was not observed in the Chinese population. However, our data suggest that certain CAG repeat lengths 
may increase or decrease prostate cancer risk. Shorter CAG repeat length was also not shown to be associated 
with a higher induction rate of TMPRSS2 and ERG proximity, an essential step for TMPRSS2:ERG fusion formation. 
However, samples with a CAG repeat of 17 were found more frequently in the TMPRSS2:ERG fusion positive than 
negative prostate cancer cases and mediated a higher rate of androgen-induced TMPRSS2 and ERG co-localisation 
than AR with longer (24) and shorter (15) CAG repeats. This suggests that 17 CAG repeats may be associated with 
TMPRSS2:ERG fusion positive prostate cancer, but may have a preventive role for prostate cancer in the Chinese 
population, which has a low TMPRSS2:ERG fusion frequency. This study suggests that different mechanisms for the 
association of CAG repeat length polymorphism and prostate cancer exist in different ethnic populations.
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Introduction

Epidemiological studies demonstrate wide vari-
ations in the clinical incidence and mortality 
rates of prostate cancer in different countries. 
While prostate cancer is the most common 
male malignancy in Northern Europe, the USA 
and Canada, low rates are seen in the Far East 
[1, 2]. The incidence and mortality of prostate 
cancer in Western countries is ten times more 
than that in China [1, 3]. In the USA, there is a 
significantly higher mortality rate among African 
Americans than in Caucasians [1, 2]. It is gener-
ally accepted that genetic, environmental and 
dietary factors contribute to these population 
differences in cancer incidence and mortality, 
but many of the individual factors are yet to be 
identified or confirmed [4]. 

It is well-established that androgen and andro-
gen receptor (AR) play important roles in pros-
tate cancer development and progression [1]. 
Androgen stimulates prostate cell growth th- 
rough AR. In exon 1 of the AR gene there is a 
CAG repeat encoding a poly-glutamine track in 
the N-terminal of AR protein [5, 6]. Polymorphism 
of the CAG repeat length exists and in vitro 
analysis has demonstrated that AR with a short-
er poly-glutamine track (coded by CAG repeats) 
has greater AR transcription activity compared 
with longer poly-glutamine tracks [5, 6]. It has 
been consistently observed in previous studies 
that there are differences in the CAG repeat 
length in different populations, and that this is 
inversely correlated with prostate cancer inci-
dence and mortality rates in those populations 
[7]. The population reported as having the lon-
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gest average CAG repeat length is the Hispanic 
population (23-25). The Chinese population 
has a longer average CAG repeat (average 
between 22-23) than that of the Caucasian 
population (average between 21-22), and the 
black population has the shortest average CAG 
repeats (average between 19-20) [8-19]. These 
observations suggest that shorter CAG repeat 
lengths, which are known to be associated with 
higher AR activity, may be associated with high-
er prostate cancer risk. However, separate 
studies using cases and controls from the 
same population showed contradictory results 
[20, 21]. While several studies have reported 
that shorter CAG repeats are associated with 
higher prostate cancer risk [7, 17, 22-31], many 
other studies have failed to observe the same 
association [7, 12, 15, 18, 32-40]. In a few 
studies, mainly in the East Asian population, 
the average CAG repeat length in cancer sam-
ples was found to be longer than in normal con-
trols [10, 26, 41], indicating that AR CAG repeat 
length may affect prostate carcinogenesis 
through molecular pathways that are different 
in the East Asian and Western populations.

In our recent prostate cancer genomic study, in 
which we compared Western and Chinese can-
cer samples, we showed that the Chinese can-
cer samples lack certain somatic genomic 
changes that are commonly found in Western 
prostate cancers, including the 21q22 dele-
tion, which is associated with the TMPRSS2:ERG 
fusion gene, and the 10q23 deletion, which 
results in PTEN inactivation [42]. Further inves-
tigation into the mechanisms underlying these 
genomic differences revealed that high dose 
androgen treatment of prostate epithelial cells 
can induce TMPRSS2 and ERG gene proximity 
and the TMPRSS2:ERG fusion [43]. This obser-
vation has been supported by several subse-
quent studies from other research groups [44-
46]. These studies suggest that androgen and 
AR activity may increase prostate cancer risk 
through the induction of the TMPRSS2:ERG 
fusion and other genomic alterations, and that 
differences in CAG repeat length might have a 
different impact on TMPRSS2:ERG fusion 
induction and consequently prostate cancer 
risk in Chinese and Western populations. We 
therefore investigated the CAG repeat length 
difference between prostate cancer patient 
and controls in the Chinese population and 
between TMPRSS2:ERG fusion positive and 
negative samples. The influence of AR with cer-

tain CAG repeat lengths in the induction of 
TMPRSS2 and ERG proximity was also investi-
gated in vitro. We found that prostate cancer 
risk in the Chinese population and TM- 
PRSS2:ERG fusion induction were not generally 
associated with shorter or longer AR CAG 
repeat length. However, specific CAG repeat 
lengths may be associated with prostate can-
cer risk and this risk may attribute to different 
mechanisms, including the induction of the 
TMPRSS2:ERG gene fusion.

Materials and methods

Subjects

A population based case control cohort (186 
cases and 163 control) was used for the Ch- 
inese study. Samples were collected from the 
Urological Departments in Shanghai and Ch- 
ongqing hospitals from patients treated with 
pathologically diagnosed prostate cancer. Con- 
trols samples were collected from age-matched 
(within±5 years) non-cancer male patients att- 
ending those hospitals. Whole blood samples 
were collected with patient consent and ethical 
approval from the ethical committees of Se- 
cond Military Medical University and Chongqing 
Medical University. In addition, 38 fresh-frozen 
prostate surgical remaining samples were col-
lected from cancer patients with ethical approv-
al from the ethical committee of Second Military 
Medical University. All patients and controls are 
native Chinese residences. UK prostate cancer 
patient samples were obtained with patient 
consents from Barts and The London Hospital 
and Whipps Cross Hospital, either as prostate 
surgical remaining (49 fresh-frozen and 92 par-
affin-embedded samples) or whole blood sam-
ples (n=42). The study was approved by the 
East London & the City Research Ethics Co- 
mmittee. TMPRSS2:ERG fusion status has be- 
en previously obtained from these fresh-frozen 
samples by single nucleotide polymorphism 
(SNP) array or reverse transcription PCR (RT- 
PCR) analyses [42, 43, 47, 48] and for the par-
affin-embedded tissue samples by fluorescent 
in situ hybridization (FISH) analysis [42].

DNA extraction

For blood samples, white blood cells were iso-
lated using Ficoll and then using a DNA extrac-
tion kit (Tiangen Biotechnology, Beijing, China) 
for Chinese samples and phenol/chloroform 
method for UK samples) to extract whole ge- 
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nomic DNA. For tissue samples, tissue was cut 
into 10 μM sections. Fresh-frozen sections 
were directly digested with proteinase K and 
DNA was extracted using the standard phenol/
chloroform method. Paraffin-embedded tissue 
sections were de-waxed using xylene and then 
digested with proteinase K over two nights, 
adding fresh proteinase K every 24 hours. Foll- 
owing digestion, DNA was extracted using the 
standard phenol/chloroform method.

Microsatellite analysis of AR CAG repeat length

AR CAG repeat length was determined by mic-
rosatellite analysis. The AR CAG repeat region 
was amplified by PCR from 50 ng template DNA 
using primers flanking the AR CAG repeat in 
exon 1 (AR_FAM_F: 5’FAM-ACCCAGAGGCCGC- 
GAGCGCAG and AR_R: 5’-TTGCTGTTCCTCATC- 

CAGGA). The HotStarTaq DNA polymerase kit 
(includes 10x PCR buffer, Q solution and 
HotStarTaq DNA polymerase) was used and run 
for 40 cycles with an annealing temperature of 
58°C. PCR product was diluted as appropriate 
(ranging from 1:200 to 1:2000) and denatured 
before running on 3730 xl ABI sequencer 
against ROX-400/LIZ 600 (Genescan 400 HD 
or 600 LIZ size standards, Life Technologies, 
Paisley, UK). Samples were analyzed by Gene- 
mapper v 4.0 (Life Technologies). 

DNA sequencing analysis

To confirm the CAG repeat length detected by 
microsatellite analysis, direct sequencing of 
PCR product from selected samples was per-
formed using the 3730 xl ABI sequencer and 
primers AR_F (5’-ACCCAGAGGCCGCGAGCGCAG) 
and AR_R (5’-TTGCTGTTCCTCATCCAGGA). 

Construction of AR plasmid and cell transfec-
tion

A three kb full length AR cDNA was PCR ampli-
fied from a commercial plasmid pRR-AR-5Z 
(Addgene, Cambridge, MA), using forward prim-
er ACGGATGCTAGCATGGAAGTTCAATTGGGTTTG 
and reverse primer TTGACTTCTAGATCACTGGG- 
TGTGGAAATAGATG, where NheI restriction enz- 
yme cutting point was included. This AR cDNA 
was then ligated with a T vector, pCR2.1-TOPO 
(Life Technologies), and amplified in E Coli bac-
teria. Finally, the AR cDNA was subcloned as an 
NheI/EcoRV fragment into the pcDNA3.1+ plas-
mid (Life Technologies). AR DNA fragments con-
taining the AR CAG repeat sequence (about 
500 bp) were PCR amplified from patient sam-
ples known to have different CAG repeat 
lengths. The CAG repeat fragments were cloned 
into the AR-pcDNA3.1+ construct at NheI/AflII 
sites using a similar approach as described 
above. After confirming by sequencing analysis, 
the AR-pcDNA3.1+ constructs (with different 
CAG repeats) were transfected into AR negative 
DU145 prostate cancer cells using lipo-
fectamine 2000 (Life Technologies) according 
to the manufacturer’s instruction. Stable trans-
fected cell lines were generated by selection 
with 50 μg/ml G418 (Life Technologies).

Real-time quantitative RT-PCR

RNA, extracted using Trizol, was reverse tran-
scribed using the M-MLV Reverse Transcriptase, 
RNase H Minus, Point Mutant (Promega) 

Table 1. AR CAG repeat length distribution in Chi-
nese prostate cancer cases, controls and UK can-
cer cases 
CAG repeat  
size

China Tumour  
(n=224)

China Normal  
(n=163)

UK Tumour  
(n=183)

11 1 1 0
12 1 0 0
13 0 0 1
14 0 0 1
15 5 2 1
16 1 2 2
17 3 8 11
18 10 7 23
19 11 8 19
20 20 7 21
21 30 19 25
22 40 33 14
23 19 21 17
24 29 13 19
25 18 19 9
26 11 11 15
27 15 4 2
28 7 3 1
29 1 2 2
30 0 2 0
31 0 1 0
32 0 0 0
33 0 0 0
34 1 0 0
35 1 0 0
Average size 22.48 22.62 21.31
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according to the manufacturer’s instruction. 
Relative mRNA levels were determined using 
predesigned TaqMan gene expression assays 
targeting AR (Hs00907244_m1) and GAPDH 
(Hs99999905_m1) (Life Technologies) and 
quantified by quantitative RT-PCR analysis 
using the ABI Prism 7700 Sequence detector 
(Life Technologies) and the standard real time 
PCR programme.

FISH analysis

DU145 cells cultured in medium with charco- 
al striped serum were treated with or without 

10 nM dihydrotestosterone 
(DHT) and then harvested for 
FISH analysis as previous- 
ly described [43]. TMPRSS2 
and ERG co-localization an- 
alysis was performed using 
standard FISH protocol with 
two bacterial artificial chro-
mosomes (BACs) RP11-535- 
H11 (TMPRSS2) and RP11-
476D17 (ERG) as probes. RP- 
11-535H11 was labeled with 
Fluorescein-12-dUTP (Green) 
and RP11-476D17 was 
labeled with Tetramethyl-

Figure 1. The distribution (in percentage, Y axis) of Chinese prostate cancer 
cases and controls at each AR CAG repeat length (X axis).

Table 2. AR CAG repeat length distribution in 
UK TMPRSS2:ERG fusion positive and negative 
prostate cancer cases
CAG repeat  
size

UK fusion positive  
(n=55)

UK fusion negative  
(n=79)

13 1 0
14 0 1
15 0 0
16 0 2
17 6 4
18 5 10
19 5 8
20 7 12
21 10 10
22 6 4
23 4 7
24 3 12
25 1 3
26 5 5
27 1 1
28 0 0
29 1 0
Average size 21.07 21.09

rhodamine-5-dUTP (red) using the BioPrime 
labeling kit (Invitrogen). A minimum of 300 
nuclei were counted per sample. Induced prox-
imity was quantified and represented as the 
percentage of co-localized signal pairs.

Statistical analysis

Continuous data was analyzed using t test and 
category data was analyzed using Chi-squared 
test. All statistics was done in two-tails. P val-
ues of less than 0.05 were considered statisti-
cally significant. 

Results

Firstly, we analyzed the average length of CAG 
repeats in the 224 cancer and 163 control 
samples from Chinese individuals to see if 
there is an association between overall shorter 
or longer CAG repeat length and Chinese pros-
tate cancer, an approach which has been gen-
erally used in previous AR CAG repeat studies. 
We found that, in the Chinese population, CAG 
repeat length is not significantly different be- 
tween cancer patients and normal individuals 
with average CAG repeat length of 22.48 and 
22.62 respectively (Table 1). We also used mo- 
re or less than 18, 20 and 22 repeats as cut off 
to see if there are any differences in the cancer 
and normal control groups, but none of these 
are significant (P=0.361, 0.685, and 0.9 res- 
pectively). A close examination of the frequency 
for each length of CAG repeat found that CAG 
repeats of 20, 24, and 27 are found more fre-
quently in the cancer patients with borderline 
significance (P=0.077, 0.094 and 0.056 respe- 
ctively, comparing the groups with and without 
each of those repeat length) and 17 repeats is 
observed significantly less frequently com-
pared to the controls (P=0.037) (Figure 1). 
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We then compared the CAG repeat length in the 
UK cancer patients with Chinese cancer pa- 
tients. The average length of UK cancer patie- 
nts is 21.31, which is much shorter than those 
detected in the Chinese cancer patients. Both t 
test analysis, using all the CAG repeat length 
distribution data (Table 1), and Chi squared 
analysis comparing these shorter than 21 to 
equal or longer than 21 repeats showed signi- 
ficantly shorter repeats in the UK cancer group 
than those detected in the Chinese cancer 
patients (P=0.0001 and < 0.0001 respective-

RSS2:ERG fusion positive and negative cases 
to determine if CAG repeat length is associated 
with fusion gene status. TMPRSS2:ERG fusion 
status has been previously determined in the 
fresh frozen samples by SNP array or RT-PCR 
analyses and in the paraffin-embedded sam-
ples by FISH [42, 43, 47, 48]. In total, there 
were 55 fusion positive and 79 fusion negative 
UK cases. The CAG repeat length distribution is 
presented in Table 2 and Figure 2. The average 
CAG repeat length in the fusion negative group 
(21.09) is similar to the fusion positive group 
(21.07). However, if 23 CAG repeats was used 
as a cut off to categorize CAG repeat length into 
two groups (< 23 vs ≥ 23 repeats), a modest 
association between longer CAG repeat lengths 
and fusion positive cancer cases (P=0.319) 
was observed. TMPRSS2:ERG fusion status 
was available in 38 Chinese fresh frozen sam-
ples; however, as TMPRSS2:ERG is rare in the 
Chinese population, only three samples were 
fusion positive [42]. These three TMPRSS2:ERG 
fusion positive Chinese cases had shorter CAG 
repeat lengths (19, 21 and 22) when compared 
to the average CAG repeat length of either the 
35 fusion negative cases (22.46) and all the 
224 Chinese cancer cases (22.48) (Tables 1 
and 3). When individual CAG repeat length was 
assessed in UK cases where the TMPRSS2:ERG 
fusion status is known, we observed a signifi-
cantly higher frequency of cases detected with 
24 CAG repeats in the fusion negative cases as 
compared to the fusion positive group (P=0.079 
by comparing the cases with and without 24 
repeats) and a trend that fusion positive cases 
had higher frequency of CAG repeat length of 
17 and 22 than the fusion negative cases 
(P=0.205, for both) ( Figure 2). 

To further investigate the relationship between 
AR CAG repeat length and TMPRSS2:ERG 

ly). Taking these data togeth-
er suggests that the number 
of CAG repeats in the AR 
gene may not generally af- 
fect prostate cancer risk and 
the difference in CAG repeat 
length in cancer patients fr- 
om UK and Chinese samples 
may just reflect the differen- 
ce of the baseline CAG rep- 
eat lengths in these two po- 
pulations. 

We further investigated AR 
CAG repeat length in TMP- 

Figure 2. The distribution (in percentage, Y axis) of TMPRSS2:ERG fusion posi-
tive and negative cases at each AR CAG repeat length (X axis).

Table 3. AR CAG repeat length distribution in 
Chinese TMPRSS2:ERG fusion positive and 
negative prostate cancer cases
CAG repeat  
size

China fusion  
positive (n=3)

China fusion  
negative (n=35)

11 0 1
12 0 0
13 0 0
14 0 0
15 0 0
16 0 1
17 0 0
18 0 2
19 1 1
20 0 4
21 1 5
22 1 4
23 0 2
24 0 5
25 0 2
26 0 3
27 0 3
28 0 2
Average size 20.67 22.46
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fusion gene, AR-negative prostate cancer cell 
line DU145 was transfected with constructs 
expressing AR with 15, 17 and 24 CAG repeats. 
Following transfection a significant increase 
(668-944 fold) in AR expression level was 
detected (Figure 3). Surprisingly, lower AR 
expression was detected in those cells trans-
fected with constructs containing 17 CAG than 
15 and 24 CAG repeats (Figure 3). However, 
this may not reflect the endogenous AR expres-
sion with those CAG repeat lengths. We further 
analyzed TMPRSS2 and ERG co-localization by 
FISH in untransfected DU145 cells and DU145 
cells transfected with AR containing 15, 17 and 
24 CAG repeats and found that the percentage 
of co-localized TMPRSS2 and ERG signals was 
increased in DU145 cells transfected with AR 
of all the three CAG repeat length compared to 
DU145 cells without AR transfection (Figure 4). 
Interestingly, the rate of TMPRSS2 and ERG co-
localization in DU145 cells transfected with 17 
CAG repeats is significant higher than in those 
cells transfected with 15 (P < 0.001) and 24 (P 
< 0.001) CAG repeats (Figure 4). 

Discussion

While differences in AR CAG repeat length in 
different ethnic populations is well established, 
the association between the CAG repeat length 
polymorphism and prostate cancer risk is still 
debatable. Although extensive studies have 
attempted to address the association between 
AR CAG repeat length and prostate cancer, the 

investigated a small number of cases [10, 17, 
41]. Both shorter and longer AR CAG repeat 
length has been reported in cancer cases com-
pared to controls. In this study we have shown, 
used a considerably larger cohort of Chinese 
patients and controls, that in the Chinese popu-
lation prostate cancer risk is not associated 
with overall shorter or longer AR CAG repeat 
length. This suggests that the previously con-
flicting results may be caused by random sam-
pling. If shorter CAG repeats, which are also 
associated with greater AR activity, are associ-
ated with a higher prostate cancer risk in the 
Chinese population, we may also expect a sub-
tle difference of CAG repeat lengths between 
the Chinese and UK cancer patients. However, 
the difference in these two groups was signifi-
cant, similar to the population difference, which 
further supports the lack of a general associa-
tion between the shorter CAG repeat length 
and prostate cancer risk.

We have previously reported specific genetic 
differences between Western and Chinese 
prostate cancer cells, including different fre-
quencies of TMPRSS2:ERG fusion and BRAF 
copy number changes [42, 49]. These differ-
ences suggest that different mechanisms/
pathways and etiological factors may be asso-
ciated with different types of prostate cancers. 
The different frequency of TMPRSS2:ERG fu- 
sion in East Asian and Western populations 
may be associated with the relatively low andro-
gen level and longer AR CAG repeats found in 

Figure 3. AR expression level detected in DU145 cells by Q-RT-PCR with and with-
out the transfection of AR with 15 (15 CAG), 17 (17 CAG) and 24 (24 CAG) CAG 
repeats.

results are conflicting [7, 
10, 12, 15, 17, 18, 22-39, 
41]. A meta-analysis sh- 
owed that overall, cancer 
patients have slightly sh- 
orter CAG repeats than 
controls, but this differ-
ence was less than one 
repeat [21]. It has been 
argued whether this CAG 
repeat difference can con-
tribute a significant differ-
ence to prostate cancer 
risk. The number of case 
control studies that have 
investigated the associa-
tion between AR CAG 
repeat length and prostate 
cancer risk in the Chinese 
population is limited and 
each of these studies has 
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East Asian men compared with Western men. 
We and other researchers recently have shown 
that a high-dose of androgen can induce 
TMPRSS2 and ERG gene proximity, which facili-
tates TMPRSS2:ERG fusion [43-46]. As shorter 
CAG repeats are associated with higher AR 
transactivity [5, 6], shorter CAG repeats may 
increase TMPRSS2:ERG fusion rate and conse-
quently prostate carcinogenesis. We previously 
observed a trend that TMPRSS2:ERG fusion 
positive prostate cancer cases had an overall 
shorter AR CAG repeat length than fusion nega-
tive prostate cancer cases, but this difference 
was not statistically significant [43]. However, 
by including additional samples, we found that 
the trend for shorter AR CAG repeat lengths in 
TMPRSS2:ERG fusion positive UK prostate can-

CAG repeats with prostate cancer or TM- 
PRSS2:ERG fusion positive cases, our data 
suggests that TMPRSS2:ERG fusion positive 
and negative prostate cancer may be differen-
tially associated with certain CAG repeat 
lengths in AR. AR with 17 repeats was poten-
tially associated with fusion positive cases, 
while AR with 24 repeats may be associated 
with fusion negative cases. In the Chinese pop-
ulation, where TMPRSS2:ERG fusion positive 
cases are far less frequent than the Western 
population, men with 20, 24 and 27 repeats AR 
may have higher risk of prostate cancer. The 
hypothesis of the association between a short-
er CAG repeat length and prostate cancer risk 
was prompted by observations that popula-
tions with lower incidence of prostate cancer 

Figure 4. The influence of AR CAG repeat length in androgen-induced TM-
PRSS2 and ERG gene co-localization. A. TMPRSS2 (green) and ERG (red) 
co-localization rates in DU145 cells with and without the transfection of AR 
with 15 (15 CAG), 17 (17 CAG) and 24 (24 CAG) CAG repeats were assessed 
by FISH with and without DHT treatment. -DHT: cells cultured without andro-
gen using charcoal striped serum; +DHT: cells cultured with charcoal striped 
serum and additional DHT at 100 nM; ****: P < 0.0001; B. Representative 
FISH images to show cells without TMPRSS2 and ERG co-localization (17 
CAG repeats AR transfected cells without DHT treatment) and with a pair of 
TMPRSS2 and ERG co-localized (17 CAG repeats AR transfected cells with 
DHT treatment).

cer cases disappeared. In a 
recent U.S. study that analyzed 
a greater number of prostate 
cancer samples with known 
TMPRSS2:ERG fusion status, a 
borderline association (P=0.06) 
was detected between shorter 
CAG repeats and the TMPR- 
SS2:ERG fusion positive cases. 
More interestingly, TMPRSS2: 
ERG fusion positive cases have 
a significantly overall shorter 
AR CAG repeat length than the 
non-cancer controls, which 
may be explained by the 
increased statistical power 
gained from the large number 
of controls [40]. Although the 
TMPRSS2:ERG fusion positive 
cases in our Chinese samples 
have a shorter average AR CAG 
repeat length than the fusion 
negative cases as well as non-
cancer control cases, the limit-
ed number of fusion positive 
cases makes it difficult to 
establish a reliable associa-
tion. While studies using much 
larger cohort of samples are 
required, these current data 
suggest that overall shorter AR 
CAG repeat length may have a 
limited impact on TMPRSS2: 
ERG positive prostate cancer. 

Although no clear association 
was observed between shorter 
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have longer CAG repeats and that with shorter 
CAG repeats are associated with a more active 
AR. However, functional studies of AR with dif-
ferent CAG repeats also showed that, although 
generally AR with more CAG repeats are less 
functionally active than these with less CAG 
repeats, the correlation of AR CAG repeat 
length either to AR expression level or AR activ-
ity is not linear [5, 6]. Actually, AR expression 
level varies for those with CAG repeats range 
from 15 to 24 and many of those with shorter 
CAG repeats have less activity and/or lower 
expression than some with longer repeats [5] 
and the overall activity difference between the 
shorter ones and longer ones within this range 
is not dramatic [5, 6]. Therefore, the associa-
tion between AR CAG repeat length and pros-
tate cancer risk may be specific for certain indi-
vidual CAG repeat length rather than a gener-
ally shorter repeat length, which is supported 
by our data. As the number of samples in our 
study is limited, most of the associations of 
individual CAG repeat lengths with prostate 
cancer were borderline significant and should 
be validated in further studies using larger 
sample cohorts. Nevertheless our cell transfec-
tion study using AR with different CAG repeats 
demonstrated that AR with 17 CAG repeats 
may increases the risk of prostate cancer by 
more efficiently mediating androgen-induced 
TMPRSS2 and ERG proximity than AR with 
shorter (15) or longer (24) CAG repeats. 

It is unclear why 17 CAG repeats is associated 
with a potential preventive role, but 20, 24 and 
27 CAG repeats are more frequently associated 
with Chinese prostate cancer. It is also not 
clear why 24 CAG repeats is associated with 
TMPRSS2:ERG fusion negative prostate can-
cer. These observations warrant further investi-
gation. The association between a repeat le- 
ngth of 24 with fusion negative cases is sup-
ported by both the comparison between fusion 
positive and negative cancer cases and our 
case control study of the Chinese prostate can-
cers, which are mainly comprised of fusion neg-
ative cases. While the number of cases in this 
study is small, particularly for the cases with 
TMPRSS2:ERG fusion status, the observation 
of the association between 24 CAG repeats 
with fusion negative prostate cancer in these 
two separate comparisons indicates that this 
repeat length is very likely to play a role in 
increasing the risk of prostate cancer without 

TMPRSS2:ERG fusion; however, the mecha-
nism behind this is not yet clear. 

Although morphologically the majority of pros-
tate cancer falls only into one histopathological 
type, it is well recognized that prostate cancer 
is very heterogeneous, both in terms of clinical 
behavior and genetic alterations [50]. Our data 
suggest that certain AR CAG repeat lengths 
may be associated with TMPRSS2:ERG fusion 
positive and some associated with fusion nega-
tive cancers. If only certain subgroups of pros-
tate cancer are associated with AR CAG repeat 
length polymorphism and each of such cancer 
sub-groups is associated with different AR CAG 
repeat lengths, analysis of a mixed population 
of all subgroups may not be able to detect any 
of the associations for those particular sub-
groups. Therefore, studies of the association of 
AR CAG repeat length with subgroups of pros-
tate cancer in large cohorts of samples by con-
sortiums are required to illustrate the real con-
tribution of AR CAG repeat length to prostate 
carcinogenesis. 

In summary, by comparing the Chinese patients 
and controls as well as the UK and Chinese 
cancer cases with the consideration of TMP- 
RSS2:ERG fusion status, we have shown that 
both prostate cancer risk in Chinese population 
and TMPRSS2:ERG fusion in UK cases are not 
associated with overall differences in AR CAG 
repeat length. However, AR with certain CAG 
repeats may be associated with prostate can-
cer risk in the Chinese population, as well as 
the TMPRSS2:ERG fusion even. We speculate 
that AR with different CAG repeats may increase 
prostate cancer risk through different mecha-
nisms. Subgroup analysis is strongly recom-
mended for future studies investigating the 
association of specific CAG repeat lengths with 
prostate cancer. This study also demonstrates 
that the differentially presented factors in 
Western and Asian countries, here AR CAG 
repeat length, may interact with certain envi-
ronmental factors and contribute differentially 
to somatic genomic alterations, such as the 
TMPRSS2:ERG fusion. 
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