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The first recurrent translocation event in prostate cancer has been recently described.1 It results
in the translocation of an ETS transcription factor (ERG or ETV1) to the TMPRSS2 promoter
region, which contains androgen responsive elements.1 The TMPRSS:ERG genetic
rearrangement has been reported to occur in approximately 40% of primary prostate tumors
(ETV1 genetic rearrangements occurring at a much lower frequency) and results in an aberrant
androgen regulated expression of ERG.1,2,3 While Tomlins et al.4 concluded that ETS genetic
rearrangements are sufficient to initiate prostate neoplasia, we argue that ETS genetic
rearrangements may in fact, represent progression events rather than initiation events in
prostate tumorigenesis. To this end, we demonstrate that the prostate specific over-expression
of ERG does not initiate prostate tumorigenesis.

We have found that mice over-expressing ERG (expression confirmed by qRT-PCR, western
blotting, and immunohistochemistry) under the control of the probasin (ARR2-PB, B6J
background strain) promoter do not develop neoplasia, but only display a very subtle phenotype
of nuclear atypia (prominent nucleoli) without an increase in cellular proliferation (Figure 1A).
This is similar to what is shown by Tomlins et al. in their description of ETV1 transgenic mice.
4 These subtle nuclear changes without an increase in cellular layers are not sufficient to be
classified as prostatic intraepithelial neoplasia (PIN), and are in fact frequently observed also
in the wild-type mouse prostate (Figure 1A). We observe no significant difference in the
prostate phenotype across all prostatic lobes (anterior, ventral, and dorsal-lateral) between
ERG transgenic and wild-type littermate mice. The subtle histologic changes observed in
ETV1 and ERG transgenic mice is strikingly different from human high-grade PIN and the PIN
lesions which develop in Pten heterozygous mice (Figure 1B). Additionally, we did not observe
an increase in proliferative rate in the prostates of mice over-expressing ERG compared to
wild-type controls. As measured by Ki67 staining, on average 1% of prostate epithelial cells
in ARR2-PB-ERG mice were positive and 1% of prostate epithelial cells in wild-type mice
were positive (Figure 1C). With analyses up to 18 months of age, no ARR2-PB-ERG mice
have displayed any change in phenotype. While Tomlins et al. concluded that ETS genetic
rearrangements are sufficient to initiate prostate neoplasia, we argue and present data that
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ETS genetic rearrangements may in fact, represent progression events rather than initiation
events in prostate tumorigenesis, as there are no proliferative and pathological changes
consistent with high-grade PIN found in either ERG or ETV1 mice.

Additionally, the ERG translocation is infrequently found in human high grade prostatic intra-
epithelial neoplasia and only in a minority (approximately 10% to 20%) of patients who also
have the translocation present in associated adenocarcinoma of the prostate. The majority of
prostate cancer specimens with ERG genetic rearrangements do not display this rearrangement
in the associated HGPIN. Therefore, the TMPRSS2:ERG translocation appears to be an early
event in human prostate tumorigenesis, but one associated with progression from HGPIN to
cancer.

Through mouse modeling, we have demonstrated that the aberrant expression of ERG is not
sufficient to initiate neoplastic transformation but rather may cooperate with other genetic
events to promote prostate cancer progression. We propose a working model whereby genetic
initiating events conferring a proliferative advantage select for cooperating ETS genetic
rearrangements which promote an invasive phenotype.

Methods
Mice (B6J background strain) expressing ERG under the control of the probasin (ARR2-PB)
promoter were generated, genotyped, and examined for transgene expression by qRT-PCR,
western blotting, and immunohistochemistry. We generated and analyzed 3 independent
ERG lines. Founders were subsequently bred and 4 mice of each genotype were euthanized at
2, 4, 6, 8, 12, and 18 months of age. Prostate tissues were procured for formalin fixation, paraffin
embedding, and frozen storage for future molecular analyses.
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Figure 1. Prostate specific over-expression of ERG does not induce high grade prostatic intra-
epithelial neoplasia
A total of 24 wild-type and 24 ERG transgenic mice were phenotypically characterized from
one founding line after establishment that three independent founding lines produced a similar
phenotype (A). Low (100X) and high (400X) power representative sections are shown for mice
6 months of age (ventral, anterior, and dorsal-lateral prostate lobes) demonstrating prominent
nucleoli in wild-type mouse prostate glands. Representative histology of human high grade
prostatic intra-epithelial neoplasia (HGPIN) and HGPIN in Pten heterozygous mice at 12
months of age (B). Immunohistochemical staining for Ki67 demonstrated no difference
between wild-type mice and ERG transgenic mice (C).
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