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Chinese and Western prostate cancers show alternate
pathogenetic pathways in association with ERG status
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Abstract: We have previously reported genetic differences between Western and Chinese prostate cancers, includ-
ing different frequencies of ERG rearrangements. We investigated further ERG expression and rearrangements in
prostate cancers and high-grade prostatic intraepithelial neoplasia (HGPIN) from the UK and China to determine
differences between these two populations by tissue microarray based immunohistochemistry and fluorescence in
situ hybridization. In keeping with our previous observation, that ERG was rearranged at a higher frequency in UK
prostate cancer samples (38%, 58/155) than Chinese ones (8%, 7/93), ERG rearrangements were also found in
21% (4/19) and 0% (0/19) foci of HGPIN in UK and Chinese samples respectively. ERG nuclear expression in UK
cancers (34%, 54/160) was significantly higher than that in Chinese ones (10%, 9/88) (p<0.001). ERG nuclear
expression in UK HGPIN (28%, 11/39) was higher than that in Chinese HGPIN (0%, 0/9), but without statistical sig-
nificance (p=0.193). ERG nuclear expression was correlated to ERG rearrangements in both UK (Kappa=0.686) and
Chinese (Kappa=0.565) cancers. These data demonstrate that ERG rearrangement and expression frequencies are
different in prostate cancers from UK and China as early as the precursor lesion, HGPIN. The nuclear expression is
associated with ERG rearrangements which mainly occur in the Western samples. UK and Chinese prostate cancers
may be the result of different genetic mechanisms.
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expression

Introduction further demonstrated that genomic alterations
of RAF genes are more common in Chinese
than UK prostate cancer samples [4]. These

genetic differences might underlie the regional/

Prostate cancer is the most common cancer in
Western men. The prevalence of prostate can-

cer in Asian countries is much less than that in
Western countries [1, 2]. The genetic altera-
tions in prostate cancer cells from Western
populations are well studied, but data from
Asian samples are limited. To determine the
similarities and/or differences in genomic alter-
ations in prostate cancer samples from high
and low incidence populations, we previously
analyzed the genomic alterations in prostate
cancer from China (low-incidence) and UK
(high-incidence) with Affymetrix SNP Array 6.0
high-density microarrays and found specific
genomic differences between cancers from
China and Western countries [3]. Recently, we

ethnic differences in clinical incidence and sug-
gest different pathways of prostate carcinogen-
esis in these populations.

The TMPRSS2:ERG fusion gene, generated by a
chromosomal internal deletion or chromosome
translocation at 21022.2-22.3, has been
detected in about 50% of prostate cancer in the
Western countries [5]. However, we found a low
frequency of these genomic rearrangements,
which are associated with the TMPRSS2:ERG
fusion gene, in our Chinese samples [3]. The
difference in ERG rearrangement frequency
between Western and east Asian countries has
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also been observed in the studies of prostate
cancer samples from Korea and Japan [6-8]. In
this study, we evaluated the consequences of
the different frequency of ERG rearrangements
to protein expression level by tissue microarray
(TMA)- based immunohistochemistry (IHC). We
also investigated if these changes were pres-
ent in earlier stages of prostate cancer. High-
grade prostatic intraepithelial neoplasia
(HGPIN) is well established as the only common
precursor lesion associated with prostate can-
cer. HGPIN and prostate cancer share some
genetic and molecular markers, with HGPIN
representing an intermediate stage between
benign epithelium and invasive carcinoma [9].
Therefore, we investigated ERG rearrange-
ments and expression in HGPIN from these
prostate cancer samples from China and UK.
We observed that ERG expression is different
in prostate cancers from UK and China and that
the different frequency in ERG rearrangements
and expression between these two populations
occurs in the precursor lesion, HGPIN.

Materials and methods
Samples

Sample collection and TMA construction have
been described previously [3]. Briefly, 168
prostate cancer cases from the UK (<10% were
Asian and none were of Chinese origin) and
143 Chinese prostate cancer cases from main-
land China were collected from radical prosta-
tectomy specimens and manually constructed
into TMAs. Ethical approval was obtained from
each local ethics committee. The age of the
patients ranged from 39 to 83 years with a
median of 64 (UK) and from 47 to 91 years,
median 73 (China). 32 (19%) UK patients had a
Gleason Score of 6 or less, 90 (54%) equal to 7,
and 46 (27%) greater than 7. 21 (15%) Chinese
patients had Gleason Score 6 or less, 35 (25%)
equal to 7, and 87 (61%) greater than 7. The
Gleason Score of Chinese cases was higher
thanthatof UK cases (p<0.001). Representative
cancer areas, accompanying HGPIN and adja-
cent normal prostate areas were identified on
H&E stained sections by histopathologists (LX,
GR, LB and DB).

Fluorescence In Situ Hybridization (FISH)
analysis of TMA samples

FISH had been performed in a previous study
but signals were only analyzed in invasive
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tumors [3]. In the present study, HGPIN in these
cases were identified and scored for ERG dele-
tion and split signals. A minimum of 100 cells
with clear hybridization signals were counted
per core.

IHC and assessment

The standard ABC method was employed for
immunostaining. Briefly, sections were cut at
4um from the TMA blocks. After sections were
dewaxed in xylene and rehydrated in alcohol
and distilled water, antigen retrieval was per-
formed by pressure oven heating (10 minutes)
in low pH antigen unmasking solution. Then,
sections were incubated with the primary rab-
bit monoclonal ERG antibody (1:3000, clone ID:
EPR3864, Epitomics, San Diego, CA) for 1 hour
at room temperature. This antibody has been
recently validated [10] and has been used in
several papers [11-14]. The bound antibody
was detected with biotinylated secondary anti-
body for 30 minutes and AB compound (Vector
Laboratories Inc, Burlingame, CA) for 20 min-
utes. 3,3’-diaminobenzidine (Vector
Laboratories Inc, Burlingame, CA) was used as
the chromogen. Finally, slides were lightly coun-
terstained with hematoxylin. In control experi-
ments, the primary antibody was replaced by
phosphate-buffered saline (PBS).

Vascular endothelial cells, which have been
consistently positively stained in previous stud-
ies [10-20], served as intrinsic positive control
for the ERG IHC assay. Either cytoplasmic or
nuclear localization of ERG were considered as
positive, and scored separately with combined
criteria of intensity and percentage of positive
cells. The intensity was graded as follows: O,
negative; 1, weak; 2, moderate; 3, strong. The
percentage of positive cells was scored subjec-
tively and divided into: 0, <5%; 1, 5-25%; 2,
26-50%; 3, 51%-75%; 4, >75%. A final score
was achieved by multiplication of the two
scores above. Scores of 0-4 were defined as
“negative expression or equivocally positive
expression” (-), 5-8 as “weakly positive expres-
sion” (+), and 9-12 as “strongly positive expres-
sion” (++).

Statistical analysis
Chi-square test performed with SPSS 16.0 for

Windows (SPSS, Chicago, IL, USA) was used to
compare the difference of ERG expression
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Table 1. ERG status in different groups

Variable ERG rearrangement ERG nuclear expression ERG cytoplasmic expression
UK cancer samples 58/155 (37%) 54/160 (34%) 64/160 (40%)
GS <7 15/28 (54%) 12/30 (40%) 14/30 (47%)
GS =7 30/82 (37%) 33/81 (41%) 33/81 (41%)
GS >7 13/45 (30%) 8/43 (19%) 16/43 (37%)
UK HGPIN 4/19 (21%) 11/39 (28%) 16/39 (41%)
Chinese cancer samples  7/93 (8%) 9/88 (10%) 13/88 (15%)
GS <7 1/16 (6%) 0/14 (0%) 4/14 (29%)
GS =7 2/21 (10%) 0/17 (0%) 3/17 (18%)
GS >7 4/56 (7%) 7/49 (14%) 6/49 (12%)
Chinese HGPIN 0/19 (0%) 0/9(0%) 2/9 (22%)

GS: Gleason score; HGPIN: high-grade prostatic intraepithelial neoplasia.

Figure 1. Representative FISH images of ERG gene status from the UK and
Chinese TMAs. A. A normal prostate gland without ERG deletion (paired red
and green signals); B. A HGPIN lesion from a UK case with ERG deletion (more
red than green signals); C. A HGPIN lesion from a Chinese case without ERG
deletion (paired red and green signals). Red signal: a probe for ERG 3’ unde-
leted region; Green signal: a probe for ERG 5’ region deleted in TMPRSS2:ERG
fusion cases.

between Chinese and UK prostate cancers as
well as HGPINs, and to assess the correlations
between ERG expression in prostate cancer
and clinicopathological characteristics, includ-
ing age and Gleason score. All of these were
performed as two tailed tests. Kappa test was
used to analyze the association between ERG
rearrangements and ERG expression. A P value
of less than 0.05 was considered statistically
significant.

Results

ERG rearrangements evaluated in HGPIN us-
ing TMA based FISH

As we previously identified ERG rearrangement
difference between prostate cancer samples
from the UK and China [3], in this study we eval-
uated the differences in ERG rearrangement
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frequency in HGPIN lesions
detected by FISH analysis
(Table 1). There were 19
cases of HGPINs in UK TMAs
with informative FISH data.
ERG 5’ region was deleted in
21% (4/19) of these cases
of HGPINs, but split signals
were not detected in any
cases in this cohort. No ERG
rearrangements were
detected in any of the 19
cases of Chinese HGPINs.
Representative FISH images
are shown in Figure 1.

Expression of ERG evalu-
ated using TMA based IHC

We found that endothelia of the vessels were
always positive (Figure 2) and could be consid-
ered as internal positive controls. Both cyto-
plasmic and nuclear localization of ERG could
be seen in prostate cancer and HGPIN lesions,
and most of the cytoplasmic signals were weak
(Figure 2). The numbers of IHC informative can-
cer cases were 160 and 88 in the UK and
Chinese cohorts, respectively. Because the
sections for the Chinese TMA blocks were
deeper cutting ones, there were less cases on
the IHC slides than all of those used to con-
struct the TMAs (88 vs. 143). Scored the sub-
cellular localization of expression signals sepa-
rately, ERG showed nuclear positivity (including
weak and strong positivity) in 34% (54/160)
and cytoplasmic positivity in 40% (64/160) of
UK cancer samples, and nuclear and cytoplas-
mic positivity in 10% (9/88) and 15% (13/88) of
Chinese cancer samples, respectively (Table
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Table 2. Difference of ERG nuclear expression between UK and Chinese cancer samples

ERG nuclear
Negative or equivocal Weakly positive Strong positive Total P
UK 106 (66%) 16 (10 %) 38 (24 %) 160
China 79 (90%) 2(2%) 7 (8%) 88 <0.001
Total 185 18 45 248

Figure 2. Representative IHC images of ERG expression in the UK and Chinese samples. A. Positive ERG staining
in endothelium. B. Negative ERG expression in adjacent normal prostate glands. C. Nuclear positive staining in a
Chinese prostate cancer sample. D. Cytoplasmic positive staining in a Chinese prostate cancer sample. E. Cytoplas-
mic positive staining in a Chinese HGPIN. F. Nuclear positive staining (and very weak cytoplasmic staining) in a UK
prostate cancer sample. G. Cytoplasmic positive staining in a UK prostate cancer sample. H. Both cytoplasmic and
nuclear positive staining in a UK HGPIN. I. Nuclear positive staining (and very weak cytoplasmic staining) in a UK
prostate cancer sample (%) and negative staining in the adjacent HGPIN (*). J. Cytoplasmic positive staining in a UK
prostate cancer sample (%) with nuclear positive staining in adjacent HGPIN (*) and negative staining in adjacent

normal glands (><). Magnification: 400X.

1). Both ERG nuclear (Table 2) and cytoplasmic
expressions in UK cancer samples were signifi-
cantly higher than those in Chinese ones
(p<0.001 for both). The numbers of IHC infor-
mative HGPIN cases were 39 (UK) and 9
(Chinese). ERG showed nuclear positivity in
28% (11/39) and cytoplasmic positivity in 41%
(16/39) of UK HGPINs and nuclear and cyto-
plasmic positivity in 0% (0/9) and 22% (2/9) of
Chinese HGPINs, respectively. ERG nuclear
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expression in UK HGPINs (28%, 11/39) was
higher than that in Chinese HGPINs (0%, 0/9),
but without statistical significance (p=0.193)
(Table 3). The difference between UK and
Chinese HGPINs was less for ERG cytoplasmic
expression (p= 0.294) than nuclear expression
(p=0.193) (Table 1).

From HGPIN to invasive prostate cancer, there
is a trend of increased frequency of ERG nucle-
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Table 3. Difference of ERG nuclear expression between UK and Chinese high-grade prostatic intraepi-

thelial neoplasia lesions

ERG nuclear
Negative or equivocal Weakly positive Strong positive Total P
UK 28 (72 %) 6 (15 %) 5 (13 %) 39
China 9 (100%) 0 0 9 0.193
Total 37 6 5 48

Table 4. Correlation between ERG rearrangements and ERG nuclear expression in UK prostate cancer

samples
Nuclear expression
Total” Negative positive Kappa P
Genomics Normal 89 81(91%) 8(9 %)
rearrangement 55 13(24 %) 42(76%) 0.686 <0.001
Total” 144 94 50

“Informative cases with both FISH and IHC data.

Table 5. Correlation between ERG rearrangements and ERG nuclear expression in Chinese prostate

cancer samples

Nuclear expression

Total” Negative positive Kappa P
Genomics Normal 53 52(98%) 1(2%)
rearrangement 6 3(50%) 3(50%) 0.565 <0.001
Total” 55 4

“Informative cases with both FISH and IHC data.

ar expression both in samples from UK (28%
vs. 34%) and China (0% vs 10%,), although in
both cohorts it was not statistically significant
(p=0.259 and p=0.602 respectively). In the
Chinese samples, this lack of statistical signifi-
cance may be due to the small sample size.
However, the frequency of ERG cytoplasmic
expression in HGPINs is as high as that in inva-
sive prostate cancer samples both in the UK
(41% vs. 40%) and Chinese (22% vs. 15%,)
cohorts.

Correlation of ERG rearrangements and ERG
expression

In the UK cohort, ERG rearrangements were
significantly correlated with ERG nuclear
expression (Kappa=0.686, p<0.001). The
majority (76%, 42/55) of prostate cancers with
ERG rearrangements had positive nuclear
expression for ERG, and the majority (91%,
81/89) of prostate cancers without ERG rear-
rangements had no positive nuclear expression
for ERG, while 84% (42/50) with positive nucle-
ar expression of ERG possessed ERG rear-
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rangements (Table 4). While ERG cytoplasmic
expression and ERG rearrangements were also
significantly correlated (kappa=0.292,
p<0.001), this correlation is much weaker than
that between nuclear expression and ERG
rearrangements.

In Chinese prostate cancer samples, ERG rear-
rangements were also significantly correlated
with ERG nuclear expression (Kappa=0.565,
p<0.001). Half (50%, 3/6) of prostate cancers
with ERG rearrangements had positive nuclear
expression for ERG, and the majority (98%,
52/53) of prostate cancers without ERG rear-
rangements had no positive nuclear expression
for ERG, while 75% (3/4) with positive nuclear
expression of ERG possessed ERG rearrange-
ments (Table 5). ERG cytoplasmic expression
was not significantly correlated with ERG rear-
rangements (kappa=0.119, p=0.330).

Data were available both from FISH and IHC
analyses for 11 UK cases of HGPINs. Only 2
cases had positive ERG expression in nucleus,
and both of these two cases (100%) had ERG
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rearrangements. ERG rearrangements were
detected in 4 cases and among them, 2 (50%)
had positive ERG expression in nucleus. In the
7 cases without ERG rearrangements, no cases
(0%) had nuclear expression of ERG.

Data were also available both from FISH and
IHC analyses for 6 Chinese HGPIN cases. None
of them have been detected with ERG rear-
rangement or nuclear expression.

Correlation of ERG rearrangements and ERG
expression with patient age and tumor Glea-
son score

There were no significant correlations between
ERG rearrangements and age or Gleason score
in prostate cancer samples from the UK
(p=0.854 and 0.103, respectively) or China
(p=0.062 and 0.919, respectively). There were
also no significant correlations between ERG
nuclear expression and age or Gleason Score in
prostate cancer samples from the UK (p=0.615
and p=0.150, respectively) or China (p=0.059
and p=0.303, respectively).

Discussion

In our previous study, we identified in Chinese
cancer samples a significant reduction in the
frequency of some somatic genomic alterations
that were commonly found in Western prostate
cancers, including the 21922.2-22.3 rearrange-
ments, which cause the TMPRSS2:ERG fusion
gene [3]. In this study, we further evaluated this
genetic change in Western and Chinese popula-
tions by FISH and IHC and found ERG expres-
sion patterns were different in UK and Chinese
cohorts and that these differences, both at
genomic and protein levels, were identifiable at
a pre-neoplastic stage. ERG rearrangements
were associated with ERG nuclear expression.

TMPRSS2:ERG is the most common gene
fusion event in human cancers, occurring in
around half of Western prostate cancer [5, 12,
21-26] and leads to over-expression of the
oncogene ERG from the androgen-stimulated
TMPRSS2 promoter. However, from our and the
others previous studies [3, 7, 8, 27], it is clear
that the TMPRSS2:ERG fusion accounts for a
much smaller proportion of prostate cancer in
East Asian than Western populations. In this
study, we found that the difference in ERG rear-
rangement frequency was already present in
HGPIN, the precursor lesion of prostate cancer.
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TMPRSS2:ERG rearrangements have previous-
ly been observed in about 20% of HGPIN from
patients from the Western countries, both
using PCR-based (4/19) [28, 29] and FISH-
based (5/26) [28, 29] techniques. In the FISH
analysis, all TMPRSS2:ERG fusion genes in the
HGPIN lesions were detected as 5 region
genomic deletion of ERG without any transloca-
tions [28, 29]. In consistence with the previous
reports, we also detected 5’ region deletion of
ERG in 21% (4/19) of UK HGPIN cases, but did
not find split signals in any cases. Together,
these observations strongly support the
hypothesis that TMPRSS2:ERG fusion through
genomic deletion is an early event in prostate
carcinogenesis. To our knowledge, this is the
first report on ERG rearrangements in Chinese
cases of HGPINs. Although the number of sam-
ples is limited, lack of ERG rearrangements in
all of the 19 Chinese HGPIN samples suggests
that the difference in ERG rearrangement fre-
quency between the Western and Chinese
prostate cancers may occur before the onset of
the invasive cancer. This data further supports
that different etiological factors and pathoge-
netic mechanisms contribute to the different
prevalence of prostate cancer in Western coun-
tries and China and these factors/mechanisms
act at a pre-neoplastic stage. We have recently
demonstrated that exposure to high-dose of
androgen, whose level and receptor activity are
different in Western and Chinese male individu-
als, can induce TMPRSS2:ERG fusion gene in
non-malignant prostate epithelial cells [30],
which may partially explain the different fre-
quency of TMPRSS2:ERG fusion in the HGPINs
from Western and Chinese populations.

In addition to numerous reports of genomic
fusions and fusion transcript expression [31], a
few studies have investigated ERG expression
at the protein level using IHC or immunofluores-
cence [10-14, 18-20, 32, 33]. Although, as a
transcription factor, ERG should fulfill its func-
tion in cell nucleus, the reports in the literature
on the localization of ERG protein in prostate
cancer are inconsistent. Using the same com-
mercial anti-ERG polyclonal antibody, one study
showed ERG cytoplasmic expression in both
prostate cancer specimens and the
TMPRSS2:ERG fusion positive prostate cancer
cell line, VCaP [32], but nuclear staining was
detected in other two studies [19, 33]. Furusato
et al. showed moderate to strong nuclear stain-
ing with cytoplasmic blush in prostate cancer
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using a self-made anti-ERG monoclonal anti-
body [18]. The rabbit anti-ERG monoclonal anti-
body we used, clone ID: EPR3864, has been
recently validated by Park K et al. [10] and was
used in several other studies [11-14]. Although
cytoplasmic staining can be seen in the figures
presented, only nuclear localized ERG expres-
sion was scored in those studies, which was
highly predictive of ERG rearrangement status
assessed by FISH or quantitative PCR, with
86-100% sensitivity and 85-99% specificity
[10-12, 14]. Therefore, we also mainly accessed
the nuclear expression of ERG and determined
its association with ERG genomic rearrange-
ments. In our study, the ERG nuclear expres-
sion was also highly predictive of ERG rear-
rangement status assessed by FISH with
sensitivity of 76% in UK cases and 50% in
Chinese ones, and specificity of 91% and 98%
in UK and Chinese cases respectively.
Moreover, we showed, in consistent with ERG
rearrangement data, nuclear expression of
ERG was significantly more frequent in UK than
Chinese cases; and this difference presented
in both prostate cancer and HGPIN samples.

As we have observed both nuclear and cyto-
plasmic expression of ERG, we also scored the
ERG cytoplasmic expression. There were more
cytoplasmic than nuclear positive cases, but
the reasons for frequent ERG cytoplasmic
expression are currently not clear. While the dif-
ference of ERG cytoplasmic expression
between UK and Chinese cancer samples is
also very significant, ERG cytoplasmic expres-
sion was less strongly correlated with ERG rear-
rangements than nuclear expression in the UK
cancer cases and ERG cytoplasmic expression
is not significantly correlated with ERG rear-
rangements in the Chinese samples. These
data further support that ERG nuclear rather
than cytoplasmic expression is associated with
ERG fusion status and prostate
carcinogenesis.

It has been reported that up-regulation of ERG
promotes prostate cell proliferation and results
in the development of PIN [33]. Previous stud-
ies have investigated ERG protein expression in
Western HGPIN, showing that 45.8-52% HGPIN
foci had ERG nuclear positive expression [14,
18]. We also observed a significant proportion
of cases with nuclear positivity (29%) in UK
HGPINs while no ERG nuclear expression was
observed in Chinese HGPINs, demonstrating
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that differences in ERG expression occur in the
precursor lesions, potentially caused by the dif-
ference in ERG genomic rearrangements. This
also indicates that nuclear expression of ERG
functionally contributes to prostate carcinogen-
esis and the different incidence of prostate
cancer between the Western countries and
China.

In the previous studies, the correlation between
ERG status and Gleason score is inconsistent,
and varies from a positive association [18, 26,
34-37], no association [28, 38] to reverse asso-
ciation [32]. In this study, while the Gleason
Score is significantly higher in the Chinese
cohort than the UK one, there were no signifi-
cant correlations between ERG rearrangements
or expression with Gleason Score in either
cohort. This is consistent with our previous
genomic analysis of the association between
ERG rearrangements and Gleason score [3].

Conclusions

In summary, following our previous observation
that TMPRSS2:ERG fusion is more frequent in
UK prostate cancer samples than Chinese
ones, here we show that the difference of ERG
rearrangement frequency occurs in the precur-
sor lesion. Moreover, we demonstrate different
ERG protein expression in UK and Chinese pros-
tate cancers and that this difference is also
detectable in the precursor lesions. ERG nucle-
ar, but not the cytoplasmic, expression is close-
ly associated with ERG rearrangements in both
Western and Chinese samples. Our data from
this study provide further evidence that differ-
ent pathways of prostate carcinogenesis exist
in Western and Chinese populations.
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