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Abstract

Prostate cancer is the second highest cause of cancer death among the world. It is important to identify the target
molecules for prostate cancer early detection and targeted therapy. In this mini review, we discuss some of peptides
identified through phage display for molecular imaging and targeted therapy of prostate cancer.
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Editorial
Cancer has become the second most common cause of the death

following cardiovascular disease in the world [1]. A few millions
people are diagnosed with cancer every year around worldwide, and
many patients eventually die from it. For example, in the United States,
approximately 1,600 people die from cancer every day. Among these,
prostate cancer (PCA) is the most common cancer among men in the
USA. The approximately 2 million cases and around 0.3 million
prostate cancer related deaths occurred in the United States in 2013
[2]. So far, the prostate cancer is the second highest cause of cancer
death among the world.

In the future, estimates of diagnosed prostate cancer cases are
around 16.48% of men at some point during their lives [3]. There are
tens of thousands of individuals who suffer the symptoms of aggressive
prostatic cancer, which affects the quality of life of people even they
may not die by cause of it. Although, the PSA (prostate specific
antigen) test has been used initial diagnosis of disease or monitor the
efficacy of therapy and for prognosis of outcomes [4]. Even a man has
abnormal level of PSA in the blood, doctors still would often
recommend a prostate biopsy to determine whether prostate cancer is
present, but biopsy is an invasive method. Therefore, the development
of non-invasive technologies with the goal to detect prostate cancer at
early, monitor therapeutic effects and treatment outcomes, and guide
interventions are urgent for such patients. Molecular imaging is
considered as this novel method.

Molecular imaging is a type of medical imaging that provides
detailed pictures of what is happening inside the body at molecular
and cellular level. It would be used to identify prostate cancer in its
earliest stages and detect the exact location of a tumour in prostate
before symptoms occur. Molecular imaging combined with targeted
therapy are two edged sword that may improve the efficiency of
diagnosis, attenuate prostate cancer growth, reduce the side of
chemotherapy and extend survival of prostate cancer patients.
Whatever molecular imaging or targeted therapy of prostate cancer,
they focus on molecular targets. So, identifying targets plays essential

roles in designing new diagnosis or therapeutic agents. Phage display
has opened the door to development of these agents in prostate cancer
imaging or targeted therapy.

Phage display is a powerful tool in which a peptide or protein is
genetically fused to a coat protein of a bacteriophage, resulting in
display peptide or protein on the surface of phage particles [5,6].
Usually, this technique is used to study the interactions between
protein-protein, protein-peptide, and protein-DNA [7]. Also, this
technique is for selecting peptides, proteins, or antibodies with specific
binding with receptors or particular molecules. Compared to antibody,
identifying of peptide is more interesting to researchers because of
their rapid blood clearance, tissue penetration, increased diffusion,
non-immunogenic nature and easily synthesis. [8]. Different screening
methods have allowed to identify the peptides binding to specific
molecules in vitro, in living cancer cells, in animals or in human
samples [9-11]. Recently, this technique is great interesting in cancer
area to select specific peptides for targeting including prostate cancer.
The focus here is centered to “targets” related to peptides identified
through phage display binding to the receptor or antigen on the
surface of the prostate cancer for prostate cancer molecular imaging
and targeted therapy.

Phage display was widely used to identify peptides to develop new
peptide-based probes for optical molecular imaging of prostate cancer.
Near-infrared (NIR) optical imaging has increasingly interesting for
disease detection, therapeutic effects monitoring, and interventions
guiding due to minimal autofluorescence, low absorption and
significant imaging depth in vivo [12-14]. With these advantages of
NIR imaging, it is very useful to develop peptide-based molecular NIR
probes for prostate cancer diagnosis. Toward this goal, Newton et al.
[15] used in vivo phage display method to identify the peptide
sequence IAGLATPGWSHWLAL to bind PC-3 human prostate
carcinoma, and demonstrated the phage clone labeled with the NIR
fluorophore AlexaFluor680 had a tumor-to-muscle ratio of ~30 in
experiments. In addition, Kelly et al. [16] used phage display to isolate
Hepsin (HPN: as a biomarker for detection of PCA) binding peptides
with high affinity and specificity, and they developed HPN targeted
NIR imaging agents, which binds HPN with high specificity within
prostate cancer in vivo. Compared to NIR imaging, Magnetic
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resonance imaging (MRI) has the advantages of having very high
spatial resolution and is very adept at morphological imaging [17].

The peptide targeted contrast agents are promising for high-
resolution molecular MRI of prostate cancer. Wu et al. synthesized and
evaluated a small molecular targeted contrast agent using a
pentapeptide CREKA as a target molecule named CREKA-dL-(Gd-
DOTA)4 with improved physico-chemical and pharmaceutical
properties for molecular MRI imaging of prostate cancer [18].
Recently, Ghosh et al. engineered a phage-displayed peptide that
targets SPARC glycoprotein, which is highly expressed in prostate
cancer to M13 surface with assembly of monodisperse iron oxide
magnetic nanoparticles and demonstrated that M13-templated
magnetic nanoparticles were used for targeted in vivo imaging of
prostate cancer [19]. Besides these imaging methods, many
investigations have been conducted using diagnostic radiotracer
specific for prostate cancer imaging. Based on phage–displayed peptide
contrast agents, Faintuch et al. compared two peptide radiotracers for
prostate carcinoma targeting and imaging and demonstrated that
peptide radiotracers are promising for prostate cancer imaging [20].

After we mentioned the strategy of molecular imaging for prostate
cancer based on phage displayed peptide, we will briefly discuss the
targeted therapy of prostate cancer using peptide identified through
phage display as target molecules. Two peptides, PKRGFQD and
SNTRVAP were identified through phage display by Mandelin et al.
[21] targeting a model of castrate-resistant osteogenic prostate cancer
in vivo, which should be considered for targeted drug development for
therapy of human metastatic androgen-independent prostate cancer.
Also, Shen et al, identified peptides as ligands for Prostate-specific
Membrane Antigen (PSMA) and evaluated the binding of prostate
cancer. These peptide sequences might as the target for prostate cancer
tumor imaging and therapy [22]. Recently, DePorter et al, engineered
M13 bacteriophage nanocarriers for intracellular delivery of exogenous
proteins to human prostate cancer cells which would be used to deliver
payload for therapy of prostate cancer [23].

In this editorial, we summarized some examples where peptides
were identified through phage display to engineer contrast agents for
prostate cancer imaging or targeted therapy of prostate cancer. We
hope readers realize identification of the binding peptides isolated
from phage display is of high importance and open a new view for
readers.
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