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Summary
This issue of Cancer Discovery features an article that describes distinct epigenetic mechanisms
that operate in TMPRSS2–ERG fusion-negative prostate cancers. This finding clarifies molecular
features of these TMPRSS2–ERG fusion-negative tumors and may have implications for how to
treat this prostate cancer subtype.

Prostate cancer is the most common cancer in men in the United States and the second
leading cause of cancer-related mortality in men in the United States (1). Despite screening
and early detection, it is estimated that 241,740 men will be diagnosed with prostate cancer
this year, and 28,170 men are predicted to die from this disease in 2012 (1). Androgens, or
male hormones, remain key drivers of prostate cancer growth at all stages of this disease (2).
Indeed, newer treatments that lower androgen levels or interfere with androgen activation of
the androgen receptor have been developed, and these drugs extend survival (3). However,
disease progression despite these agents is universal (3). Therefore, there is an urgent need
to understand additional mechanisms that may promote prostate cancer development and
progression to inform new therapeutic strategies.

Recent studies show that the number of genetic changes in prostate cancer is fewer than in
many other malignancies (4, 5), suggesting that other processes may be driving this
malignancy. Another mechanism that contributes to cancer development and progression is
epigenetic change—the heritable control of gene expression in the absence of DNA
sequence changes (6). Examples of epigenetic changes include histone modifications,
including repressive histone methylation changes and gain and loss of DNA methylation. A
key protein that links histone methylation, DNA methylation, and gene repression is the
EZH2 histone methyltransferase, a polycomb protein, which is commonly upregulated in
prostate cancer (7, 8). There are several potential mechanisms that play a role in EZH2
upregulation in prostate cancer with much of this involving the transcription factor ERG.
First, EZH2 is a target of the TMPRSS2–ERG gene fusion, and TMPRSS2–ERG and EZH2
cooperate in the regulation of shared target genes (9). TMPRSS2–ERG gene fusions are an
early and important driver of prostate cancer development, and these gene fusions are
present in approximately 50% of patients with prostate cancer (10). However, mechanisms
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responsible for the development and progression of ERG fusion-negative (FUS−) prostate
cancer have generally not been understood.

In this issue of Cancer Discovery, Börno and colleagues (11) describe distinct differences in
patterns of DNA methylation and specific genes involved in epigenetic regulation between
TMPRSS2–ERG fusion-positive (FUS+) and FUS− tumors. They describe increased DNA
methylation events in FUS− tumors that may underlie the development and progression of
these prostate tumors. To determine the methylation differences between normal prostate
samples and prostate cancer samples, the authors used a deep sequencing read-out of the
MeDIP (methylated DNA immunoprecipitation) technique called MeDIP-Seq. Using 53
normal prostate samples to determine tumor-specific alterations, they examined 17 FUS+

and 20 FUS− tumors. The authors found that there were significant differences in DNA
methylation between normal prostate samples and the prostate tumor samples, as expected,
given previous studies of prostate tumors and other forms of cancer. However, the distinct
differences between FUS+ and FUS− tumors were not expected, and the authors determined
that FUS− samples had significantly more DNA methylation alterations than FUS+ samples.
In fact, the FUS+ samples had overall similar levels of DNA methylation at the loci
examined compared with normal prostate samples.

To understand mechanisms that might account for this increased DNA methylation in FUS−

prostate cancers, the authors quantified gene expression levels of the DNA
methyltransferase (DNMT) enzymes DNMT1, DNMT3A, DNMT3B, and the histone
methyltransferase enzymes EZH1 and EZH2. Although DNMT1 and DNMT3A were
upregulated in tumors compared with normal, an observation made for other forms of
cancer, at least in the case of DNMT1, the level of EZH2 was distinct. Although EZH2 is a
TMPRSS2–ERG target gene, and indeed FUS+ tumors had elevated levels of EZH2
compared with normal prostate, EZH2 mRNA levels were significantly higher in FUS− than
FUS+ tumors. Despite the known role of the c-Myc oncogene in increasing EZH2
expression, c-Myc levels were similar between FUS+ and FUS− cancers. Several
microRNAs have been shown to regulate EZH2 expression, leading the authors to examine
expression levels of these microRNAs in normal prostate samples, FUS− cancers, and FUS+

cancers (12, 13). Notably, miR-26a expression was significantly lower in FUS− prostate
cancers than FUS+ prostate cancers, and a direct testing of this association was provided by
overexpression of a miR-26a mimic, which suppressed EZH2 expression in the FUS−

DU145 prostate cancer cell line with high basal levels of EZH2.

Because the FUS− cancers had significantly greater DNA methylation events, higher EZH2
expression, and lower miR-26a expression levels than FUS− cancers, the authors next
determined whether DNA methylation–induced silencing of the miR-26a locus might
explain that effect. Hypermethylation of the miR-26a locus was present in FUS− prostate
cancers, but not FUS+ prostate cancers, and there was a strong inverse correlation between
miR-26a DNA methylation and miR-26a expression. EZH2 expression was also inversely
correlated with miR-26a expression, suggesting that the suppression of miR-26a expression
by DNA methylation might contribute to EZH2 upregulation in FUS− prostate cancers.
Indeed, the authors confirmed that the DNA methylation of the miR-26a locus was
functional using 2 approaches. First, in vitro methylation of a construct containing the
miR-26a locus suppressed miR-26a expression, whereas treatment of prostate cancer cells
with the DNMT inhibitor 5-aza-2′deoxycytidine reactivated miR-26a expression and
suppressed EZH2 expression. These results confirm the important role of miR-26a DNA
methylation in regulating EZH2 expression in prostate cancer. However, they raise an
interesting dilemma: Is mir-26a methylation and silencing a cause of increased EZH2 or is
increase of EZH2 a factor leading to increased genomic DNA methylation including
mir-26a? This integration may provide a positive loop accelerating the process of prostate
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tumorigenesis irrespective of which event is the chicken or the egg. Indeed, unlike genetic
events including the generation of the TMPRSS2–ERG fusion, which occur at a single time
point, epigenetic dysregulation may be progressive.

These interesting studies provide new information about FUS− prostate cancers and
mechanisms that may promote their development and progression. However, several
questions still need to be addressed in additional studies. Although EZH2 levels are higher
in FUS− prostate cancers than FUS+ prostate cancers, both of these subsets of prostate
cancer have higher EZH2 levels than normal prostate samples. This reinforces previous
studies, which support an important role for EZH2 dysregulation in prostate cancer (7).
Because TMPRSS2–ERG has been shown to cooperate with EZH2 to regulate gene
expression, is this a more efficient way to dysregulate specific targets, whereas a FUS−

tumor uses a less directed means to silence the genome? This may require a more detailed
examination of the specific silenced loci in FUS+ versus FUS− tumors, and specifically
those, which are known EZH2 targets. Because TMPRSS2–ERG does not direct EZH2 to
chromatin, what other proteins may contribute to the higher frequency of DNA methylation
events in FUS− prostate cancers? Could TMPRSS2–ERG play a role in preventing DNA
methylation in FUS+ prostate cancers, and if so, how? Finally, ERG is an EZH2 target gene
and DNA methylation of the ERG gene is common in prostate cancer (14). Could ERG
silencing through this mechanism lead to selective pressure for TMPRSS2–ERG gene
fusions in some prostate tumors?

This report by Börno and colleagues (11) provides key insights into previously unrecognized
epigenetic differences between FUS+ and FUS− prostate cancers. Their results suggest that
as DNA methylation occurs more frequently in FUS− tumors, these changes may be more
important for FUS− prostate cancer development and progression. In addition, they show a
key role for miR-26a DNA methylation, which provides a mechanism for EZH2
upregulation in these cancers. Because DNMT inhibitors are approved for the treatment of
myelodysplasia and leukemia, and at least one agent has been shown to suppress EZH2
function in cancer, therapeutic strategies that target epigenetic regulation may have different
activities in FUS+ and FUS− prostate cancer (15). We anticipate that these drugs, or other
epigenetic therapies, will be tested prospectively in clinical trials in men with prostate
cancer, and the success of these trials may be different according to TMPRSS2–ERG fusion
status.
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