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ABSTRACT

Cancer is deadly disease, especially "Prostate cancer" ranks as third most common cancer among men
(Damber &Aus, 2008) between the age group of 55-80 years. In India, every year 241,740 new prostate cancers
are diagnosed and estimated deaths are 28,170 in 2012-2013. However early diagnosis of disease is not a
simple process. The advancement in Technology and Science has introduced "Biosensors™” which helps in early
detection of tumours and reducing the mortality rate of men. These sensors are applied in various methods for
diagnosis and treatment purpose. With the proper awareness about prostate cancer and its consequences the
increased mortality rate of this deadly disease can be reduced up to an extent. In this review we are discussing
about some of the recent advancements in the field of Biosensors used for Prostate cancer detection.
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I. INTRODUCTION

Venetian anatomist Niccolo Massa was the first person to describe prostate cancer in 1536 and
illustrated by Flemish anatomist Andreas Vesalius in 1538, which was not identified until 1853. The
‘Medieval Latin Prostate’ and ' Medieval French Prostate' is the origin of word prostate. Prostate
means formation of tumour in prostate gland. Prostate cancer is a slow growing disease and there
were some aggressive cases also (ACS, 2010). Prostate cancer is the sixth leading cause for death in
men even though there is advancement in science (Baade and Youlden, 2009). It is one of the most
common cancers in U.S. In 2008, 186,000 new cases were found, among that 35,000 were diagnosed
and 28,600 deaths were recorded (Scott et al., 1975). The causes of disease are dietary pattern,
lifestyle, genetic factor etc. The symptoms are observed in earlier stage and screening is done to
prevent further more onset of cancer.

Il. BI10 SENSORS

Bio sensor device is used to detect the biological analyte such as proteins, nucleic acid, glucose etc. It
converts the biological analyte in to electrical signal which may in turn helps for the quantitative and
qualitative study. When a specific target molecule interacts with the biological component, a
corresponding signal is produced in proportional to concentration of substance. (Pier Andrea Serra).
Biosensors play a vital role in cancer detection as a “Bio markers” because of its advantages over
other. The fast and accurate detection, monitoring and treatment of various problems make its
worthier in the field of science. It is like a chip scaled devices placed or inserted in to human body for
monitoring (Declan A. Healy et al.) Different types of biosensors are electrochemical, mass based
and calorimetric biosensors (Brain Bohunicky and Shaker A mousa., 2010). It finds various
applications in fields of environmental study for the detection of harmful bacteria, pesticides in air,
water and food. In medical field, to monitor blood glucose levels in diabetics and pathogen detection.
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In military, biosensors are used as counter Bioterrorism devices and wide variety of applications in
the field of nanotechnology.

I1l.  PROSTATE SPECIFIC ANTIGEN (PSA)

Prostate secretes the fluid substance called prostate, which are present in human blood and semen.
The PSA concentration is measured by blood test. It is measured in Nanograms per millilitre of blood
(ng/mL). Normal value of PSA is 4.0 ng/mL; above 4-10 it represents 25% of PCa and more than 10
represents 50% and above PCa.
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Fig: 1- PSA values according to ages in ng/mL

Proposed by Oesterling et al ; Dalkin et al ; De Antonl et al.

Factors that influence PSA levels in human serum are, it increases according to age, non cancerous
enlargement and inflammation of Prostate gland.
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Fig 2: Normal PSA value using 4.0 scales

IV. RoLE OF PsA As BIOMARKER

PSA(Prostate Specific Antigen) has a remarkable role in the history of oncology as the Tumour
markers. From early 1970’s to 2013 it plays a major role in treatment of prostate cancer. Fishman and
Lerner developed an assay called acid Phosphatase produced by the prostate gland(prostatic acid
phosphate [PAP]), hoping thus to increase the specificity of biochemical detection of prostatic
disease. Prostate specific antigen (PSA) was initially isolated from prostate tissue extracts and can be
used as a serum marker for prostate cancer detection by Chu et al. The same protein had earlier been
purified from seminal fluid and called gamma-seminoprotein, E1, and P30.

S.No. Various compounds and their Reference
year of invention

1. Gamma semi protein from seminal plasma, 1971 Hara et al.

2. Purification of the protein from seminal plasma, 1973 | Li and Beling

3. Purification of the protein from prostate tissue. 1979 | Wang et al.

4. Association of PSA and prostate cancer, 1981 Nadji et al.
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5. Function and characteristics of PSA, 1985 Lilija et al.
6. Reference range of PSA, 1986 Myrtle
7. Clinical study about effectiveness of PSA as tumour | Stamey

markers, 1987
8. Three legged stool application to detection of PCa, | Cooner

1990
9. Concept of PSA velocity, 1992 Carter
10. PSA density, 1992 Benson
11. Utility of PSA alone in the detection of CAP, 1993 Brawer et al. & Catalona et

al.

12. Age specific reference ranges, 1993 Oesterling et al.,Palkin et al.
13. Application of PSA to final pathologic stage, 1997 Partin

Table 1 History of PSA
V. TECHNIQUES APPLIED IN PSA BIOSENSOR

5.1 lonic Liquid Carbon Nanotubes (ILCNT)

Prostate antigen based on ILCNT modified electrode is used as cancer Biomarker for prostate cancer
detection due to its high sensitivity, which was proposed by (Abdollah Salimi et al., 2012). The
Prostate Specific Antigen (PSA) is a reliable tumour marker for early diagnosis of prostate cancer
(Panini et al., 2008). Electrochemical immunoassay and sensors are used for clinical diagnosis for its
variable properties (Wang et al.,2006, Okuno et al.,2007, Mantzila et al.,2008, Zhou et al., 2009, Du
et al.,2010, Huang et al.,2010, Tung and Ren.,2010). Different materials like organically modified
Sol gel, Titania sol gel and gold alumina derived sol gel (Tan et al., 2009), colloidal gold particles
modified electrode (Wang et al., 2004), and self assembled monolayer of thiol and dendrimer
(Namgung et al., 2009) and polymeric film (Dong et al., 2006)are used for clinical diagnosis. The
ILCNT have shown potential application in the fabrication of electrochemical sensor and biosensor
(Zhu et al., 2010). The steps followed in Diagnosis of disease involves preparation of prostate cancer
cells and modified CNT's thionine with composite modified electrode and Fabrication of
Immunosensor for PSA detection

After the steps followed in clinical diagnosis the sample or serums are analyzed for various
determinations. First, ILCNT Immunosensor is characterized and amplification of bio catalyzed anti
PSA is done. Then the optimizing conditions such as electrochemical response, reproducibility,
regeneration of the Immuno-sensor and stability of PSA are categorized. At last the Human serum
samples are used for detectlon of prostate cancer b|0p3|es

Tumour Stroma

Fig 3. Micrograph of Prostate Cancer Biopsy
Sourse: A. Salimi et al Biosensors and Bio electronics 42(2013)
5.2 Impedance based miniaturised biosensor

From early days, there were two approved screening methods for the detection of prostate cancer.
They are Prostate Specific Antigen and Digital Rectal Examination blood test (T.Steuber et al., 2008).
Later ELISA -Enzyme Linked Immuno Assay for PSA detection. It is based on Chromatography
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technique. The new method that’s introduced was called Miniatured Biosensor based on Impedance
due to its Ultra sensitivity and fast detection of PSA (Ganna Chornokur et al., 2011). In this method
EIS- (Electrochemical Impedance Spectroscopy) used as an identifying technique (A.J.Bard et al.,
2003). This is type of electrochemical biosensor used due to its various properties and applications in
Miniatured platforms. It is used to characterize surface modified electrodes for the investigation of
electrochemical system and process (E.Barsoukov, J.R.Mac Donald., 2005). It is better than ELISA
in sensitivity and time consumed is less for detection.

Methods followed in PSA detection: The PSA samples are collected and added with reagents and
chemicals. Then it is stored in cancer center or in some clinical diagnosis. EIS is used to characterize
the Anti PSA/EA to analyze PSA concentration then the measurements are carried out. Using
standard photolithography techniques, the test chip are fabricated on an oxidized 4" silicon wafer
(K.E.Sun et al., 2008) (S.K.Arya, et al., 2010). The chips were pre cleaned and analysed for
monolayer preparation, formation and antibody immobilization. Testing with PSA solutions in PBS
(Phosphate buffered saline) and Human plasma with Biosensor are the steps to analyze and it helps in
early diagnosis of Prostate cancer.

5.3 Micro-fluidic Chips

For prostate specific antigen detection in biochemical sensing platform, the micro fluidic chip based
on nano electrode array were used (Napat Triroj et al., 2010). These chips are made up of three
electrode configuration which is embedded in Nanoelectrode array. Because of its high sensitivity and
portability it’s used for the development of point of care testing devices (POCT devices). Micro
fluidic chip is used as a diagnostic tool, for manipulation and for bio molecular processes.
Immunoassay method and biosensor complex are used for PCa detection.

5.4 Nano Particle Sensors

Rapid and sensitive detection of PSA is done by a Nanoparticle sensor label/ Immuno
chromatographic electrochemical biosensor which are developed by (Ying-Ying et al., 2008). PCa in
human serum were detected by Nanoparticle sensor. It consists of strips with the electrochemical
detector for transducing signals. It is made up of Cd Se @ ZnS and used because of its
distinguishable properties and is compared with detection of 0.02 ng m/L.

For PSA detection, Nanomaterials and nanostructures based biosensor are used. PSA diagnosis can
also be done by Immunosensor which is made up of Enzyme, DNA, Nanoparticle, CNT (Healy et al.,
2007). It is used as a sensitive diagnostic tool. This method is good for detection purpose. Like
Diaminoheptane, Phosphate buffer saline, bovine serum albumin etc are the chemicals, and materials
used to prepare the QD-anti PSA conjugates by QD conjugation Kit protocol are used for preparation
of sensor. (Wu et al., 2007; Wang et al., 2008). The Analyzation of anti PSA antibodies on the surface
of the test zone membrane, blocking of lateral flow membranes of the strip is done by sensor. It is also
observed by anti PSA -QD conjugate on glass fiber pad preparation. It is detected by Lateral flow
Immunoassay, Electrochemical Detection and Enzyme linked Immunosorbent assay. Determination
by principle of PSA assay and optimization of experimental parameters are used for earlier detection
of PCa and mortality rate is reduced.

5.5 PDA Molecule

Polydiacetylene (PDA) supramolecules is enhanced for sensitivity using hybrid stimulus and used for
diagnosis of prostate cancer proposed by (llk young kwon et al., 2010). PDA vesicle chip is given
with stimulus and primary response is noted by antigen-antibody reaction and secondary response is
noted by mechanical pressure of PAb conjugated micro beads. Detection of cells, proteins, DNA for
sensitive bio sensing based on PSA supramolecules is done by a PDA molecule (1lk young kwon et
al., 2010). The various forms of PSA, are either PSA is free or in complex with two major proteinase
inhibitors, a 1 anti chymotrypsin (PSA - ACT, MW 90 k Da) and a 2 Macroglobulin (PSA-AMG)
which is found in human serum(Armbruster, 1993; Lilja et al., 1991; Savage and waxman., 1990).

The major protease inhibitor occurring at a cone from 4.0 to 8.0 ng/mL is called ACT (Sarkar et al.,
2002). Efficient measurement of ACT and f-PSA can be used to diagnose PCa. The ratio of 0.25 was
defined as the cut off value for 90-95% of PCa (Catalona et al., 1998). For disease recognition, the
value ranges are observed between 4.0-20ng/mL and it referred to as a "Diagnostic gray zone" (Kim
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et al., 2009). Biosensor uses a Bio chromic property for various stimulus detection. PDA molecule is
formed using materials like (10, 12 penta cosadiynoic acid (PCDA), BSA, Human IgG etc. The PDA
vesicle is prepared by addition of interlinker and immobilization of PDA vesicles on amine coated
glass. For immunoreactions and fluorescent analysis of the PSA-ACT complex the conjugation of
PSA-ACT mAb on to PDA vesicles is performed and this preparation is performed by using PSA
PAb-conjugated magnetic beads. The interpretation of results is done by optimization of PSA-ACT
mADb and analysing of non specific binding on the PDA vesicles. The detection of low concentration
of PSA-ACT complex is done by using the PDA vesicle sensors chip. Then it is followed by
amplification of fluorescent signals using the PDA vesicle sensors chip. These PDA molecule
interactions are helpful in early detection of PCa and simple a method to analyze.

5.6 Piezo Electric Crystal

The Analyzation of sensitive piezoelectric immunoassay of prostate specific antigen by cell based
immobilization strategy technique which was proposed by (Yanjun ding et al., 2008). Yeast cell
strategy is used in this method for immobilization of antibodies. The fabrication and coupling process
of anti PSA immunoassay results in production of microbalance quartz crystal sensor. This crystal
was modified with cysteamine to deposit yeast cells on which PSA are immobilized. A PSA serum
values are in range of 5.0-604.0 ng m/L can be interpreted using this system (Yanjun ding et al.,
2008). Bio films are used as a carriers using cell surface of micro organisms. These intrinsic systems
are useful to immobilize heterologous proteins on cell surface of micro organisms, segregation of
produced polypeptides, construction of microbial bio catalysts, whole cells adsorbents and live
vaccines etc. (flickinger et al., 2007; Ueda and Tanaka, 2000).

The immobilization of enzymes and green fluorescent proteins, the surface yeast can be produced
(Ueda and Tanaka, 2000). They were termed as "arming yeasts" of biocatalysts and functional
proteins. The yeast technique is applied to various fields such as biotechnology, environmental
science and health care (Junter and Jourenne 2004; Peinado et al., 2006). The reaction between yeast
cells and substrate is mainly based on Physico-chemical interactions (Smit et al., 1992; Hui et al.,
2005; Bowen and Cooke, 1989) and specific biochemical interactions (Boonaert et al., 1999; Bowen
et al., 2001).

Crystal is formed using Quartz crystal microbalances (QCM, AT-cut, 9MHz, gold electrode) and
materials like Yeast Saccromyces cerevisiae, HSA, GLU etc. The immobilization of yeast cell binding
is carried out by GLU cross linking procedure. The monolayer of cysteamine formation and unbound
aldehyde groups on the surface of crystals is observed for QCM measurement (Frequency is
measured). Realization of QCM crystal is by yeast cell based binding procedure. The optimization of
assay medium, comparison of immunoactivity of antibody immobilization. Analytical performance
characteristics, regeneration of sensor are the steps followed in sample analysis. Yeast cell is simple
eukaryotic and used in various fields of science. This method is simple, cost effective and proposed
for easy identification of PCa.

5.7 Surface Plasma Resonance (SPR)

Surface plasma resonance technique is proposed due to its high sensitivity and specificity
enhancements in detection of prostate specific antigen al- antichymotrypsin  (Cuong cao et al.,
2005). A Biochip is fabricated with various materials to improve the sensitivity, specificity, to reduce
the non specific binding and steric hindrance effect of immunoassay. It uses a Sandwich strategy for
detection of PCa. The compound, o 33-k Da serin protease can be used to detect PCa in early stages.
PSA is recognized as the premier tumour marker of PCa (Armbruster, 1993; Savage and Waxman;
1998). The conventional assays for PSA detection involves a preparation of monoclonal or polyclonal
antibody of PSA tagged with an enzyme or a flurophore or a radioactive isotope (Armbruster, 1993).

SPR overcome the disadvantages of earlier methods. The changes in mass concentration at a bio
specific interface increases affinity of optical sensor (Cuong coa et al., 2005). The detection limit
range of PSA is approximately 1-10nM for 20kDa molecule and is even higher for smaller molecule
(Gomes and Andreu, 2002). The detection limit range or sensitivity of SPR are improved by
sandwiching immunoassays using Au or Ag Nanoparticle or (Gu et al.,1998) or ,latex
spheres(Homola,2003), or Liposome’s(Wink et al.,1998), or streptavidin biotinlyated antibody
complexes (pei et al.,2001) or an enzyme precipitation strategy(Kim et al.,2005).Different self
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assembled monolayer (SAM) surfaces have been introduced to improve the sensitivity of SPR
biosensors. Oligo Ethylene Glycol(OEG) is recognized, for its ability to prevent non specific
adsorption of proteins(Chapman et al.,2000; Benesch et al.,2001; Frederix et al.,2004; Chen et
al.,2005) Biotin streptavidin chemistry are routinely used as a biomaterial immobilization
device(Green et al., 1971; orth et al.,2003).

Surface Plasma resonance was designed by using Instrumentation of (BIA core 2000 apparatus) and
materials like (PSA-ACT, PSA ACT mAb, Goat PSA etc.) are used for the formation of Oligo
ethylene glycol layer on the bare gold surface. The Biotinylation of the carboxyl terminated groups of
the SAM's and Biotinylation of PSA-ACT mAb occurs. The immobilization of surface and
biotinlyated PSA-ACT mAb are used for detection of PSA-ACT complex by Immuno reaction. The
PSA-ACT complex signal amplification is performed using intact PSA PAb. The analyzation of
Plasma Resonance formation is observed by immobilization of SA and Biotinlyated PSA-ACT mADb
on the OEG SAM surfaces. The investigation of non specific binding on the 1:9 surfaces, immune
reaction between PSA-ACT complex, biotinlyated PSA-ACT mAb and enhancement assay is
performed to analyze the immune reaction of HBS buffer and in Human serum. On the whole, Surface
plasma resonance method is easy and better than other techniques and it is effective.

5.8 Localized Surface Plasma Resonance Sensor (LSPR)

Real time detection of PSA is based on label free immunoassay of interferon - y and Fiber Optic
Localized Surface Plasma Resonance Sensor (FO LSPR) technique is published by (Hyeon - Ho jeong
et al., 2012). Fabrication of FO LSPR is done by using spherical gold Nanoparticle (AuNPs) on a
flattened end face of the optical fiber. It follows Turkevich method and used for detection of PSA.
Fabricated FO LSPR is used due to its various characteristics and advantages over other. LSPR is the
resonance phenomenon of the free electron waves in Metal Nanoparticle (MNPs) and the rough
surface of manometer scale in the UV -visible range (Homola, 2003; Homola et al., 1999; Mulvaney,
1996; Underwood and Mulvaney, 1994).

LSPR has the various advantages like Label free detection, low sample volume, real time detection
and simple optical set up detection (Jeong et al., 2011; Jeong and Lee, 2011 and Lee et al., 2010). It
is generally based on MNPs on an optical fiber. Turkevich method is used because of its fast
fabrication process, simple and size of the Nanoparticle can be controlled (Kimling et al., 2006; Lee et
al., 2010). Nowadays MNPs is fabricated using Micro Elector Mechanical Systems (MEMS)
technology (Acimovic et al., 2009; Barbillon et al., 2007; Smythe et al., 2007). It is used to detect the
interactions of bio molecules such as antigen-antibody reactions etc. (Jeong et al., 2011; Sai et al.,
2009; Shao et al., 2010; Stybayeva et al. ,2010; Tuleuvo et al.,2010). It is used as a Portable sensor
for chemical and biological detection. Because it has advantage of lossless of signal delivery, remote
sensing, low cost and simple optical set up(Jeong et al., 2011; Lee et al., 2010; Sharma et al., 2007).
Detection of PSA can be applied in vivo systems also by combining it with an endoscope or
laproscope, because of its miniaturized flattened tip and fast sensitive detection (Hyeon- Ho jeong et
al., 2012).

Fabrications of FO LSPR sensor by the label free immunoassay technique and optical measurement of
system is used for the detection of antigen-antibody reaction of PSA. Results are obtained by
measuring the sensing characteristics of LSPR. This method is used because of its various
advantages.

VI. CoONCLUSION AND FUTURE ASPECTS

In conclusion based on recent research, "it is uncertain whether the benefits associated with PSA
testing for prostate cancer screening are worth the harms associated with screening and subsequent
unnecessary treatment."(Wilt TJ et al., 2008). The treatment of PCa can be done by Radiation
therapy, Brachy therapy, Cryosurgery, High intensity focused ultrasound technique and Oral
chemotherapeutic drugs (temozolomide) etc. For medical imaging Ultrasound and Magnetic
Resonance Imaging is done for PCa detection.

In 2011, PCa is one of the second most frequently diagnosed cancers, sixth leading cause of death in
males (Cooper berg MR et al., 2006). So, there must be a method to detect PCa at earlier stage easily
and 55% of men report discomfort during prostate biopsy (Natarajan et al., 2011).
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