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Abstract

BACKGROUND: Carcinoma of the prostate (CaP) is the
most commonly diagnosed cancer in men in the United
States. Signal transduction molecules such as tyrosine
kinases play important roles in CaP. Src, a nonreceptor
tyrosine kinase (NRTK) and the first proto-oncogene
discovered is shown to participate in processes such
as cell proliferation and migration in CaP. Underscoring
NRTK’s and, specifically, Src’s importance in cancer is
the recent approval by the US Food and Drug Admin-
istration of dasatinib, the first commercial Src inhibi-
tor for clinical use in chronic myelogenous leukemia
(CML). In this review we will focus on NRTKs and
their roles in the biology of CaP. MATERIALS AND
METHODS: Publicly available literature from PubMed
regarding the topic of members of NRTKs in CaP was
searched and reviewed. RESULTS: Src, FAK, JaK1/2,
and ETK are involved in processes indispensable to the
biology of CaP: cell growth, migration, invasion, angio-
genesis, and apoptosis. CONCLUSIONS: Src emerges
as a common signaling and regulatory molecule in mul-
tiple biological processes in CaP. Src’s relative impor-
tance in particular stages of CaP, however, required
further definition. Continued investigation of NRTKs
will increase our understanding of their biological
function and potential role as new therapeutic targets.
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Introduction

Carcinoma of the prostate (CaP) is the most commonly
diagnosed cancer in American men, consisting of more
than 33% of all new cancer cases. Though many patients
are diagnosed with CaP, it has a relatively low mortality
rate when compared to other cancers. Nevertheless, it re-
mains the third leading cause of cancer-related deaths in
men in the United States, with about 27,350 estimated CaP-
related deaths in 2006 in the United States [1]. Because
CaP growth is facilitated by androgen exposure and be-
cause androgen withdrawal leads to apoptosis of CaP
cells, the current treatment of choice for recurrent or meta-
static CaP includes castration through chemical or surgical
means. Nearly all patients, however, relapse with androgen-
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independent (Al) disease after androgen ablation therapy.
Ultimately, the uncontrolled growth of Al metastatic tumors
leads to patient mortality.

Tyrosine kinases (TKs) are signaling molecules well known
for their roles in human diseases such as diabetes and cancer.
Indeed, v-Src sarcoma (Schmidt-Ruppin A-2) viral oncogene
homolog (Src), a nonreceptor tyrosine kinase (NRTK), was
the first proto-oncogene discovered. More than a quarter of
a century has passed since the discovery of Src, and the
studies on TKs are coming to fruition with the development
and use of tyrosine kinase—based target-specific therapy
such as Gleevec, Iressa, and Herceptin for therapy against
chronic myelogenous leukemia (CML), lung cancer, and breast
cancer, respectively. Dasatinib, a dual Src/v-Abl Abelson mu-
rine leukemia viral oncogene homolog (Abl) inhibitor with anti-
migratory activity in prostate cancer cells in culture was recently
approved by the US Food and Drug Administration for use in
patients with CML [2]. Further underscoring the importance of
NRTKs, AZD0530 is another dual Src/Abl inhibitor that is
currently in multicenter phase Il clinical trials for multiple types
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of malignancies, including prostate cancer. In this review we
will focus on each of the NRTKs and what is known about their
respective roles in the biological processes of cell prolifera-
tion, migration, invasion, apoptosis, and angiogenesis in CaP.

There are several NRTK families. These are classified
based on their structural similarities (Figure 1): Abl, tyrosine

kinase nonreceptor (TnK), C-terminal Src kinase (CSK),
focal adhesion kinase (FAK), feline sarcoma oncogene/
fujinami avian sarcoma viral oncogene homolog (FeS),
Janus kinase (JaK), Src, Tec protein kinase (Tec), and
spleen tyrosine kinase (SYK). Though these NRTK families
are extensively and individually reviewed elsewhere, this
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Figure 1. NRTK families and their members in a guide tree. Protein sequences are obtained from Entrez Gene and aligned using Vector NTI Advance software
(Invitrogen, Carlsbad, CA). Vector NTI Advance uses the neighbor-joining method of phylogenetic tree construction by Saitou and Nei [127]. The numbers in
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parentheses after each kinase reflect the calculated distance values between pairs of analyzed sequences.
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