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ABSTRACT
Prostate cancer is the leading cancer affecting men in Jamaica and is also the leading cause of
male cancer-related deaths in Jamaica. This high mortality rate is primarily attributable to the
eventual development of metastatic castration resistant prostate cancer which is challenging to
treat. This paper discusses the pathological roles of the TMPRSS2 and ERG genes which are
highly expressed in prostate cancer when compared to other cancer types. The presence of the
TMPRSS2-ERG gene fusion transcript is linked to progression, metastasis and androgen
regulated changes in castration resistant prostate cancer; but the status of these biomarkers have
not been previously evaluated in Jamaican men with prostate cancer. The significance and

implications of such an assessment is discussed herein.
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TMPRSS2-ERG in Prostate Cancer

Prostate cancer statistics

Prostate cancer (PCa) is a long latency tumor that occurs in males that are typically aged 50
years and older. Globally, more than 1.1 million cases of prostate cancer were recorded in 2012,
accounting for around 8 per cent of all new cancer cases and 15 per cent in men (1). In 2015, an
estimated 220,800 men will be diagnosed with PCa in the United States and an estimated 27,540
men will die from the disease making this malignancy the second leading cause of cancer-related
death in men (2). In addition, African American (AA) men have the highest incidence and
mortality from PCa when compared with other races (2). The Caribbean region has been recently
reported as having the highest age-standardized PCa-specific mortality rate in the world at 26.
3/100 000/year (3). PCa is the leading cancer affecting men in Jamaica and is also the leading
cause of male cancer-related deaths in Jamaica at 53. 9/100 000/year (4, 5). In other Caribbean
islands such as Barbados, the incidence and mortality rates for PCa are 160. 4/100 000/year and
63. 2/100 000/year respectively (6). Trinidad and Tobago also has a high prevalence of PCa with
Afro-Tobagans and Afro-Trinidadians having a threefold higher incidence than Caucasians and
Indo-Trinidadians (6, 7). A consistent pattern of three fold higher PCa incidence amongst Afro-
Caribbean emigrants and their descendants in the United Kingdom when compared to the UK
Caucasian population has also been reported (8). Additionally, PCa patients in the Caribbean
have a worse 5- year survival rate compared to those in the US (41.6% vs. 84.4%) (9). This
evidence supports the already established genetic predisposition that drives prostate cancer
pathogenesis and is worth exploring in the quest for a better understanding of prostate cancer

susceptibility among Jamaicans and other Caribbean populations.
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Castration resistant prostate cancer and therapeutic challenges

In the Jamaican context, like other developing countries, there is a heightened need for better
screening methods for PCa and targeted methods of ascertaining risk for this type of cancer.
There is an even greater charge towards identifying new therapeutic agents that will be more
efficacious at reducing the mortality rates from PCa. Mortality from this disease is usually due to
resistance to Androgen Deprivation Therapy (ADT) and the eventual development of castration
resistant prostate cancer (CPRC) (10). Although the disease is potentially curable by either
surgical castration or chemical castration via ADT (11), approximately 33% of patients develop
resistance to these treatments with eventual increased amount of androgens, PSA, and circulating
tumor cells (CTCs), leading to the more progressive and metastatic CRPC (10). The molecular
etiology of the development of resistance to ADT is still not fully understood but several
mechanisms including Androgen receptor (AR) amplification, gain-of-function mutation of AR,
ligand-independent AR activation have been highlighted (12). Such mechanisms help to maintain
AR receptor signaling in CRPC and highlights the significance of targeting AR function and

signaling in this detrimental form of PCa.

Role of TMPRSS2-ERG fusions in castration resistant prostate cancer

In trying to improve survival rates, recent trends in the global management of prostate cancer
have focused on the use of targeted therapies (biologics) that are directed against specific
biomolecules on prostate cancer cells. Recently the two important biomarkers; ETS-related gene
(ERG) and Transmembrane Protease Serine 2 (TMPRSS2) have gained recognition for their high
specificity of expression in prostatic carcinomas (13). TMP RSS2 is an androgen regulated

prostate-specific serine protease enzyme that is encoded in humans by the TMPRSS2 gene (13).
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TMPRSS2-ERG in Prostate Cancer

ERG is a member of the erythroblastosis virus E26 (ETS) oncogene family which are
transcriptional regulators that play key roles in regulating downstream target genes that are
crucial for several biological processes such as cellular proliferation, differentiation,

development, transformation, and apoptosis( 14).

TMPRSS?2 is expressed in normal and neoplastic prostate tissue and is strongly induced
by androgens in androgen-sensitive prostate cell lines (15). A major milestone in PCa research
was the identification of recurrent fusions between TMPRSS2 and ERG (13). TMPRSS2-ERG
is fused in PCa through deletion of genomic DNA via a homogeneous deletion site between ERG
and TMPRSS2 on chromosome 21q22.2 or through translocation or both (16, 17, 18). This
rearrangement results in the formation of a TMPRSS2-ERG fusion transcript and the
overexpression ERG (13). Approximately 50% of PCa’s from prostate-specific antigen (PSA)
screened surgical cohorts are TMPRSS2-ERG fusion-positive, and greater than 90% of PCa’s
over-expressing ERG harbor TMPRSS2-ERG fusions (19). It is now established that AR
regulated expression of the TMPRSS2-ERG fusion gene plays an early role in PCa development
or progression and studies have confirmed that TMPRSS2-ERG fusion is a common genetic
event that occurs early in prostate carcinogenesis at the transition between benign and prostatic
intraepithelial neoplasia (PIN). This rearrangement has also been correlated with tumor
metastasis and invasion and negative patient outcome (20, 21). Over eight isoforms of the
TMPRSS2-ERG fusion transcript have been identified with varying levels of expression in
different PCa samples (22). Evidence also suggests that PCa specimens containing the
TMPRSS2-ERG rearrangement are significantly enriched for loss of the tumor suppressor gene
phosphatase and tensin homologue PTEN (23), and it is already well established that aberrant
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PTEN activity is associated with poor prognosis in PCa (24). Further studies have confirmed that
TMPRSS2-ERG rearrangement cooperates with PTEN loss to promote prostate cancer
progression from high-grade prostatic intraepithelial neoplasia (PIN) to invasive adenocarcinoma

(23, 25).

TMPRSS2 and TMPRSS2-ERG expression is decreased in response to ADT in primary
PCa (26). Interestingly, the ERG levels in TMPRSS2-ERG fusion-positive CRPC are
comparable with the levels in fusion gene—positive primary PC and this confirms this that
TMPRSS2-ERG expression is reactivated by AR in CRPC (17). These findings prove that
restored AR receptor signaling contributes to the progression to CRPC in part through the
TMPRSS2-ERG axis and highlights a therapeutic platform that can be explored in the

management of CRPC.

Significance of assessing TMPRSS2-ERG Status in Jamaican men with PCa

There are several studies evaluating the relationship between ethnicity and TMPRSS2-ERG
expression in PCa. Galuzzi et al demonstrated that TMPRSS2—-ERG gene fusion correlated with
ethnicity in a multivariate analysis involving Caucasians, African-Americans, and Japanese men
with PCa (18). TMPRSS2-ERG gene fusion was present in 50% (21/42) of Caucasians, 31.3%
(20/64) of African-Americans, and 15.9% (7/44) of Japanese patients. A subsequent study found
that TMPRSS2-ERG gene fusions were identified in 48/112 tumors (42.9%) from a group of
Caucasian men, while 28/105 tumors (26.7%; p=0.015) from African American men were
positive for the gene fusion (27). Interestingly, Mosquera and colleagues recognized that the
TMPRSS2-ERG fusion through deletion, which has been associated with worse prognosis, is

more common in PCa of African American patients (28).



TMPRSS2-ERG in Prostate Cancer

The Jamaican and Caribbean population itself is comprised of diverse ethnicities and
represents a fusion of many races including African, Caucasian, Indian and Chinese. There is no
study on TMPRSS2-ERG alterations in PCa patients from Jamaica and it is therefore very
important to assess for the presence and subsequent role of this gene fusion in our population
where both incidence and mortality rates of PCa are high. A positive correlation of TMPRSS2-
ERG presence and PCa aggression would have significant implications towards the potential
development of targeted therapies for Jamaican patients that harbor this genetic aberration.
Furthermore, TMPRSS2-ERG fusion transcript can be detected in urine samples and biopsies

which can lend itself to diagnostic utilization in PCa detection in Jamaica (22, 29).

CONCLUSION

It is very apparent that the existence of recurring gene fusions of TMPRSS2 to ERG has
significant implications for understanding PCa pathogenesis and developing novel diagnostics
and targeted therapeutics. Given their significant clinical implications, these lines of evidence
merit TMPRSS2-ERG fusion status assessment on prostate and urine samples from Jamaican
men referred for prostate biopsy on clinical suspicion of prostate cancer or undergoing radical

prostatectomy on diagnosis of PCa.
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