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Abstract: Human cancer is a complex disease caused by genetic instability and accumulation of
multiple molecular alterations. Last several decades have witnessed the emergence of various
therapeutic regimens to contain this fatal disease. However, survival rates for patients with
cancers, especially those detected at an advanced stage remains discouragingly low. This
correlates with the observation that at the time of clinical presentation, more than 60% of patients
with breast, lung, colon, prostate, and ovarian cancer have hidden metastatic colonies. At this
stage, therapeutic modalities are limited in their effectiveness, thereby warranting early disease
detection using sensitive biomarkers. The present article is a brief review of the emerging trends
in the development of biomarkers for early detection and precise evaluation of cancer disease.
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Introduction:

Cancer is a disease

characterized by abnormal growth and
development of normal cells beyond their
natural boundaries. Despite of global efforts
to limit the incident of this disease, cancer
has become the leading cause of death in the
last 50 years with breast cancer the most

common malignancy in women and the
second most common cause of cancerrelated mortality and prostate cancer being
the most common solid organ malignancy
diagnosed in men in Europe and USA and
the second most frequent cause of cancerrelated death in men. The management of
these high risk cancers requires diagnosis at
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an early stage, which specifies the need for

may be able to define susceptibility risks

specific and sensitive biomarkers.1, 2

and assist in tumor detection and diagnosis

A biomarker is a quantifiable laboratory
measure of a disease specific biologically

allowing timely therapeutic interventions for
an effective treatment.1

relevant molecule that can act as an

Prostate cancer remains the most common

indicator of a current or future disease state.

malignancy and second-leading cause of

Sometimes,

are

cancer deaths among males in the United

differentially expressed in cancer cells

States, with an estimated 232,090 new cases

relative to their normal counterparts and

in 2005, accounting for 33% of new male

their altered levels could be measured to

cancers.3 Since the discovery of prostate-

establish a correlation with the diseased

specific antigen (PSA) in 1970 by Ablin et

state. Alternatively, certain molecules are

al.

specifically present in tumors and are

mainstay of prostate cancer detection.

different from corresponding normal tissue

Concurrent with the widespread use of PSA

and can be identified as biomarkers of

screening, prostate cancer incidence has

tumorigenesis. Depending on their site of

increased,

evaluation they may be tissue or circulating

decreased.4-6 Since the advent of PSA

biomarkers.

screening, the improved detection of early

certain

molecules

Tissue markers include different categories
such as membrane receptors, oncogenes,
tumor suppressor genes, nuclear antigens,
growth factors, components of degradome

routine PSA testing has become the

while

mortality

rates

have

disease has increased the lifetime risk of a
diagnosis of prostate cancer to 16%,
whereas the lifetime risk of death from
prostate cancer is only 3.4% .7

whereas circulating markers include the

Biomarkers for detection of prostate

wide category of tumor-associated antigens

cancer:

(TAA). Tissue biomolecular markers, aside
from being prognostic and predictor factors

1. Proteases as cancer biomarkers:

also play a central role in targeted therapies

Cysteine proteases- Cysteine cathepsins

that are among the emerging directions of

(CCs) are a family of lysosomal proteases of

cancer therapeutics. Selective biomarkers

papain family that are often upregulated in
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This family has

cathepsins has been reported in cancers of

11 members (cysteine cathepsin B, L, S, K,

both epithelial and mesenchymal origin,

H, C, O, F, V, W and X) which share a

including

conserved active site that is formed by a

gastrointestinal,

cysteine residue.10

melanoma among others. Due to their

Cysteine cathepsins are synthesized as 30–
50 kDa preproenzymes which are directed
into lysosomes where they serve their
function of protein hydrolysis after cleavage

enhanced

breast,

brain,

colorectal

levels

and

lung,

cancer

tumor

and

specific

localization cysteine cathepsins have been
implicated as significant biomarkers for the
prognosis of cancer.14

to form active enzyme.11 The best known

Elevated cathepsin B expression correlates

CCs, cathepsins B, L,H, F, O, C, X are

with good prognostic value in lung, breast,

distributed ubiquitously in most tissues

ovarian, brain, head and neck cancer and

whereas cathepsins S, K, W and V are

melanoma and in premalignant lesions

comprised to specific tissues.12

situated within colon, thyroid, liver, and

In normal cells, cysteine cathepsins are
usually located in lysosomes, whereas
during cancer progression they move to the
cell surface, from where they can be
secreted into the extracellular milieu to
promote tumor invasion through several
possible mechanisms. Altered levels of
cysteine cathepsins have been found to be

prostate.18,

20

Similarly, increased cathepsin

L activity has been observed in multiple
tumor types and can be used as a prognostic
indicator of shorter survival rates in patients
with breast, colorectal and head and neck
cancers.11It was also reported that both
cathepsin B and L are also implicated in
human pancreatic endocrine tumors.21

associated with several pathological states

Serine proteases- Human kallikreins (hKs)

including cancer.13, 14

are serine proteases widely expressed in

Several studies have reported tissue specific
enhanced expression, activity and mislocalization of cysteine cathepsins in human
cancers.12, 15-19 The upregulation of cysteine
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cancer metastasis and invasion. This has

The KLK10 gene is downregulated in acute

made them promising diagnostic biomarkers

lymphblastic leukemia.26It is also noted that

for several cancer types, including ovarian,

hK11and

22, 23

breast, and prostate.

complimentary

prostate

diagnostic significance in prostate cancer (to

stage

are emerging as novel biomarkers for

malignancy

(stage

II).29

differential expression

various cancers such as ovarian. These

prostate
28

These

and

shows

an

Furthermore,

the

of KLK10 and

KLK14, along with KLK13 splice variants

include hK1-2 and hK4-15 expressed in a

in testicular cancer tissues, have been

myriad of tissues. All 15 kallikrein genes are

reported to be favorable markers, showing

differentially expressed in cancer with

reduced expression in malignant forms of

overexpression of kallikreins 4, 5, 6, 7, 8,

the disease than in healthy individuals.30-32

10, 11, 13, 14, and 15 observed in ovarian

Table 1 summarizes the status of various

serum.24,25In

proteases of diagnostic significance in

particular, KLK4 and KLK5 mRNAs have

cancer.11, 23

been shown to be overexpressed and are
indicators of poor prognostic outcome in

Table 1:

grade 1 and grade 2 tumors, suggesting that

Altered levels of proteases as biomarkers of

these genes are associated with more

cancer diagnosis and prognosis.

aggressive forms of ovarian cancer.24, 25
Cysteine protease

for

progresses from earlier stage (stage I) to late

section). However, several other kallikreins

Cancer

biomarkers

as

incremental expression pattern as the disease

be discussed in detail in the succeeding

and

emerged

have been shown to be overexpressed in

specific antigen (PSA) or hK3 having high

tissues

have

cancer along with hK3 (PSA).27,

The most important kallikrein is prostate

carcinoma

hK14

Expression

(cathepsins)

Localization

in

tissues/
fluids

Breast cancer

CatB, L

↓

Cancer

tissues

and

tissues

and

cell lines
CatH
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serum

Ovarian cancer

Uterine cervix cancer

CatB

↑

Cancer tissues

CatB

↑

Serum

CatL

↑

Serum

CatB

↑

Serum and cancer
tissues

Prostate cancer

CatB, H, S

↑

Cancer

tissues

and

cell lines
CatB, L

↑

Cancer tissues

CatB, L, H

↓

Cancer cell cultures

CatB

↑

Plasma and urine

CatL

↑

urine

CatB

↑

Cancer tissues

CatH, L

↑

Cancer tissues

Gastric cancer

CatB, L

↑

Cancer tissues

Pancreatic cancer

CatB

↑

Cancer tissues

CatH

↑

SK-PC-1 pancreas

CatB, L

↑

Cancer tissues

Bladder cancer

Colorectal cancer

Lung cancer

CatH

Cancer tissues

CatH

↑

Serum

CatS

↑

Cancer tissues

Brain tumor

CatB, L, H

↑

Cancer tissues

Head and neck

CatB, L

↑

Cancer tissues

cancer

CatH

↓

Cancer tissues

Melanoma

CatB, H

↑

Serum

CatB
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CatL

↑

Cancer tissues

CatB, L, H

↑

Cancer tissues

CatH

↑

Cancer tissues

Kidney cancer

CatB, C, H, L, S

↓

Cancer tissues

Uterus cancer

CatL

↓

Cancer tissues

Thyroid cancer

CatB

↑

Cancer tissues

KLK10

↓

Cancer cells

Brain

KLK6

↓

Cancer cells

Breast

KLK1, 14

↓

Cancer cells

Serine protease
(kallikreins)
Acute lymphoblastic
leukemia (all)

KLK5,

6,

7, ↓

Serum

8,10,12,13
Cervical

KLK7, 8

↑

Cancer cells

Colon

KLK1

↓

Cancer tissues

KLK6, 8, 10

↑

Cancer tissues

Colorectal

KLK6

↑

Cancer cells

Esophageal

KLK6

↑

Cancer cells

Gastric

KLK6, 10

↑

Cancer cells

Lung

KLK5, 10, 11

↑

Cancer cells

Ovarian

KLK2, 4,7,9,11,15

↑

Cancer cells

KLK5, 13

↑

Serum Atscites

KLK6, 8, 10

↑

Cancer

cells

serum

Pancreatic
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Prostate

KLK2, 5, 6, 10, 13

↓

Cancer cells

KLK4, 11, 14, 15

↑

Cancer cells

(↑) Enhanced expression of protease in

Various studies have reported the diagnostic

diseased as compared to normal material.

potential of circulating tumor- related

(↓) Lowered expression of protease in
diseased as compared to normal material.

protein with EGF-like and two follistatin-

Methylated DNA as biomarker- The
regulation of gene expression by aberrant
methylation has been well established in
tumor

biology.

The

epigenetic

phenomenon of hypermethylation in tumorrelated genes has been implicated in cancer
development and progression.34,

cancer.41 Lofton-Day et al. have identified
three markers, TMEFF2 (transmembrane

2. Nucleic acid based biomarkers:

33

methylated DNA in serum for detection of

35

Tumor-

related free methylated DNA in blood of
cancer patients have been assessed for their
clinical utility. Circulating tumor cells are
considered to be the source of floating DNA
which is released into the circulation upon
the death of the tumor cells.36, 37Studies have

like domains 2), NGFR [nerve growth factor
receptor), and SEPT9 (septin 9), all having a
colorectal cancer (CRC)-specific methylated
pattern

in

plasma.42 However,

SEPT9

predicted the presence of CRC significantly
more accurately than TMEFF2 (P < 0.001)
or NGFR (P < 0.01). A cutoff of 0.011 lg/L
of methylated SEPT9 DNA was shown to
produce a specificity of 95% and a
sensitivity of 52%. Similar panels of cancer
specific methylated markers for prostate and
bladder cancer have also been evaluated in
urine samples.43, 44

reported the presence of tumor specific

MicroRNAs

as

hypermethylated DNA at tumor-related gene

MicroRNAs

(miRNA)

promoter regions in patients with metastatic

occurring and highly conserved small non

tumors.38,

PCR

coding RNAs, 18–25 nucleotides in length,

(MSP) is a sensitive and specific assay for

that regulate mRNA expression by binding

tumor-related

to the 30 untranslated region (3’ UTR) of

39

Methylation-specific

DNA

methylation
40

serum/plasma, urine and other fluids.

in

cancer

biomarkerare

naturally

mRNA leading to the impairment in the
synthesis of the corresponding protein.45 A
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general downregulation of miRNAs has

positive predictive value of 37% and a

been observed in tumors compared with

negative predictive value of 91% when

normal tissues.46 110 This is consistent with

averaged across 11 series [13].49 In other

the earlier findings related to the functional

words, a man with a normal digital rectal

aspects of first identified miRNAs, the

examination and PSA value between 4.0 and

products of the C. elegans genes lin-4 and

10.0 ng/ml has approximately a 25% chance

let-7.47

of being diagnosed with prostate cancer .50

3. Prostate-specific antigen (PSA):
Description:
glycoprotein

33-kDa
secreted

single-chain
by

prostatic

epithelium.

4. prostate-specific membrane antigen
(PSMA)

Function: Serine protease involved in the
liquefaction of seminal fluids.

Description: 100-kDa type 2 integral
membrane glycoprotein overexpressed by

Method of detection: Serum immunoassays
used to measure free PSA, complexed PSA,
and total PSA.

prostate cancer (PCA) epithelial cells.
Function: Cell surface peptidase, possibly
involved in hydrolyzing peptides in prostatic

PSA is a serine protease that is secreted by

fluids, signal transduction, cell migration,

the prostatic epithelium, as well as the

and nutrient uptake. Also potential receptor

epithelial lining of the periurethral glands,

function.

and functions in the liquefaction of seminal
fluids. Because the role of PSA in the
detection and prognosis of prostate cancer
has been well described elsewhere in
multiple publications, this review of PSA
will be brief.48 12 Using the generally
accepted cutpoint of 4.0 ng/ml to prompt

Method of detection: Measured in serum,
seminal fluid and urine by polymerase chain
reaction (PCR), mass spectroscopy, or
monoclonal

antibody

assays.

In

imaging detects PSMA expressing tumor
cells through immunoscintigraphy.

prostate biopsies, PSA has a reported
Volume 1 Issue 3 2012 |
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Prostate-specific membrane antigen (PSMA)

Method of detection: Detected in tissues

is a type II integral membrane glycoprotein,

immunohistochemically and by mRNA in

originally identified from an antibody to the

situ hybridization. mRNA detected in

LNCaP prostate cancer cell line, and

peripheral

recognized by Horoszewicz et al. in 1987 as

transcriptase polymerase chain reaction (RT-

being overexpressed in the epithelial cells

PCR).

and serum of patients with prostate cancer.51
A complementary DNA encoding for PSMA
was subsequently cloned, and the gene was
mapped to chromosome 11.52,

53

Since that

time, PSMA has been evaluated in multiple
studies as a potential diagnostic and
prognostic marker for prostate cancer with
mixed results.51, 54-57
In

particular,

multiple

blood

through

reverse

Prostate stem cell antigen (PSCA) is a
prostate-specific

glycosyl

phosphatidylinositol-anchored glycoprotein
that is expressed on the cell surface and is
encoded by a gene on chromosome 8.64
Several studies have shown a correlation
between increased PSCA expression and the
presence of prostate cancer, as well as with

studies

have

Gleason score, stage, progression, and the

suggested that PSMA correlates well with

presence of metastasis. In addition to

Gleason score and/or the stage of disease,

identifying PSCA protein in prostate cancer

and can be used to monitor posttreatment

tissues

disease progression.58, 59, 60-63

investigators have successfully detected

5. Prostate stem cell antigen (PSCA):
Description: 123 amino acid glycosyl

immunohistochemically65-68

PSCA RNA in peripheral blood through the
use of reverse transcriptase polymerase
chain reaction (RT-PCR).69

phosphatidylinositol-anchored glycoprotein
expressed on the cell surface of prostate

6. Early prostate cancer antigen (EPCA):

basal cells.
Function: Unknown. May play a role in

Description:

PCA-associated

progenitor cell function, tumorigenesis, and

structural protein.

nuclear

clinical progression.
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Function: Unknown. Possibly involved in

and is, therefore, commonly used as tissue

early prostate carcinogenesis.

or serum marker to detect neuroendocrine

Method of detection: Detectable in tissues
immunohistochemically and in serum using
an enzyme-linked immunosorbent assay
(ELISA).

features.73 Although the exact function of
chromogranin A is unknown, it is thought to
participate in the regulation of protein
secretion, including insulin, packaging of
secretory granules, and peptide hormone

Early prostate cancer antigen (EPCA) is a
prostate cancer-associated nuclear structural
protein, originally identified through protein
profiling of rat prostate tissue.70 Subsequent

processing.74
8.

α-methylacyl-CoA

racemase

(AMACR):

studies of immunohistochemical assays for

Description:

EPCA

(approximately 44 kDa) peroxisomal and

have

shown

sensitivities

and

specificities ranging from 84% to 94% and
85% to 100%, respectively, for the detection
of prostate cancer.71, 72

382

amino

acid

mitochondrial enzyme up regulated in PCA.
Function: Involved in bile acid synthesis,
peroxisomal -oxidation of branched-chain
fatty acids and conversion of branchedchain

7. Chromogranin A:
Description: Pro-hormone peptide released
by neuroendocrine cells.
Function: Unknown. Likely has paracrine
and/or autocrine functions related to its
calcium-binding properties.

fatty acids from Rstereo- isomers to Sstereoisomers.
Method of detection: Detected in tissues
immunohistochemically and through RTPCR. Detected in urine by Western blot
analysis and in prostatic secretions by RT-

Method of detection: Detectable in serum

PCR.

using a quantitative sandwich immunoassay,

detectable in serum.

immunoradiometric assay, or ELISA.

Autoantibodies

Through

the

use

to

of

AMACR

are

high-throughput

Chromogranin A (CgA) is the peptide most

molecular

frequently produced by neuroendocrine cells

methylacyl-CoA racemase (AMACR) has
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been overexpressed in prostate cancer

systemic lupus erythematosus and hepatitis.

tissues.75-77 AMACR is an enzyme that

Multiple studies have also shown that

catalyzes the conversion of branched-chain

patients with cancer produce detectable

fatty acids from R-stereoisomers to S-

autoantibodies to tumor-associated antigens

stereoisomers and also participates in the

overexpressed

peroxisomal β-oxidation of branched-chain

recognized as “foreign” by the immune

fatty

acids.78-80

Immunohistochemical

staining using monoclonal antibodies to
AMACR is now commonly used in many

in

neoplastic

cells

and

system.83-86
10. Gene fusion proteins:

institutions to assist in the pathologic

Description: Fusion of the 5’ untranslated

diagnosis of prostate cancer. More recently,

region of the androgen regulated gene

detection of AMACR in prostatic secretions

transmembrane

and urine has also shown promise for the

(TMPRSS2) to transcription factors ETS

diagnosis of prostate cancer.81, 82

related gene (ERG) or ETS related variant

protease,

serine

2

gene 1 (ETV1).
9. Autoantibody signatures:
Description: Panel of peptides derived from
PCA tissue to which patients with PCA have

Function: Identity and function of peptides
currently under investigation.

associated

Potential

protein

of

detection:

Gene

fusions

detectable in tissue using RT-PCR or FISH.
Detection of the gene fusions in serum and
urine is currently under investigation.

Method of detection: Autoantibodies to
PCA

Unknown.

products are currently under investigation.
Method

autoantibodies commonly form.

select

Function:

peptides

are

detectable in serum using phage-peptide
microarrays.

Most of the biomarkers described thus far
were identified through assays designed to
identify

proteins

that

are

highly

differentially expressed between 2 classes of

The detection of autoantibodies has long

samples, such as benign and cancerous

been

prostate tissue. However, the genetic events,

the

mainstay

of

diagnosis

for

autoimmune and infectious diseases, such as
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underlying the development of cancer in
specific cases are frequently heterogeneous.
For example, both chromosomal inversion,
which results in CBFb:MYH11 fusion
proteins and translocation (8;21), which
results in AML1:ETO fusion proteins,
contribute to the development of acute
myeloid leukemia.87-89

Cancer statistics. CA Cancer J Clin
2005;55(1):10–30.
2. Jemal A, Siegel R, Ward E, Murray
T, Xu J, Thun MJ. Cancer statistics.
CA Cancer J Clin 2007;57(1):43–66.

Cancer statistics, 2005. CA Cancer J

Biomarkers have the potential to be used
clinically to screen for, diagnose, or monitor
the activity of diseases and to guide

therapeutic

1. Jemal A, Murray T, Ward E, et al.

3. Jemal A, Murray T, Ward E, et al.

Conclusion:

molecular

Reference:

targeted

therapy

response.

or

assess

Prostate-specific

antigen (PSA) levels in blood are widely
used in prostate cancer for the management
of this disease at every stage of progression.
Especially in men with no additional risk
factors, PSA alone provides an appropriate
marker up to 30 yr into the future. After
assessment of an early PSA test, the
screening frequency may be determined
based on individualized risk. It may rather
be that a constellation of markers will have
more predictive power. There is no doubt
that progress will continue based on the
collaboration of basic researchers, clinicians,
and biomedical firms.

Volume 1 Issue 3 2012 |

Clin 2005;55:10 –30.
4. Ablin RJ, Soanes WA, Bronson P, et
al. Precipitating antigens of the
normal human prostate. J Reprod
Fertil 1970;22:573– 4.
5. Ablin RJ, Bronson P, Soanes WA, et
al.

Tissue-

and

species-specific

antigens of normal human prostatic
tissue. J Immunol 1970;104: 1329–
39.
6. McDavid K, Lee J, Fulton JP, et al.
Prostate

cancer

incidence

and

mortality rates and trends in the
United States and Canada. Public
Health Rep 2004;119:174–86.
7. Ries L, Eisner M, Kosary CL, et al.
SEER cancer statistics review, 1973–
1997.

Bethesda

(MD):

National

Cancer Institute, 2000.

JOURNAL OF SCIENTIFIC & INNOVATIVE RESEARCH

62

Brijesh et. al.
8. Turk

www. jsirjournal.com
B.

Targeting

successes,

failures

proteases:
and

future

prospects. Nat Rev Drug Discov

cancer

invasion.

Cycle

2007;6(1):60–4.
15. Joyce JA, Baruch A, Chehade K.
Cathepsin cysteine proteases are

2006;5:785–99.
9. Mohamed MM, Sloane BF. Cysteine

effectors of invasive growth and

cathepsins: multifunctional enzymes

angiogenesis

in

tumorigenesis.

cancer.

Cell

Nat

Rev

Cancer

multistage

Cancer

Cell

2004;5(5):443–53.

2006;6(9):764–75.
10. Palermo C, Johanna AJ. Cysteine
cathepsin

during

proteases

as

16. Rao JS. Molecular mechanisms of
glioma invasiveness: the role of

pharmacological targets in cancer.

proteases.

Trends

2003;3(7):489–501.

Pharmacol

Sci

Nat

Rev

Cancer

17. Grimm J, Kirsch DG, Antiago PM.

2008;29(1):22–8.
11. Berdowska I. Cysteine proteases as

Use of gene expression profiling to

disease markers. Clin Chim Acta

direct in vivo molecular imaging of

2004;342(1–2):41–69.

lung cancer. Proc Natl Acad Sci

12. Bromme

D,

Kaleta

J.

Thiol-

USA 2005;102(40):14404–9.

cathepsins:

18. Jedeszko C, Sloane BF. Cysteine

pathophysiological implications and

cathepsins in human cancer. Biol

recent advances in inhibitor design.

Chem 2004;385(11):1017–27.

dependent

Curr Pharm Des 2002;8(18):1639–

for cysteine cathepsins in cancer.

58.
13. Turk D, Guncar G. Lysosomal
cysteine

19. Joyce JA, Hanahan D. Multiple roles

proteases

promising

drug

Crystallogr

D

(cathepsins):
targets.

Biol

Acta

Crystallogr

Cell Cycle 2004;315(12):1516–9.
20. Koblinski JE, Ahram M, Sloane BF.
Unraveling the role of proteases in
cancer.

Clin

Chim

Acta

2000;291(2):113–35.

2003;59:203–13.
14. Gocheva V, Johanna AJ. Cysteine
cathepsins and the cutting edge of

21. Pelosi G, Pasini F, Bresaola E, et al.
High-affinity

monomeric

67-kD

laminin receptors and prognosis in
Volume 1 Issue 3 2012 |

JOURNAL OF SCIENTIFIC & INNOVATIVE RESEARCH

63

Brijesh et. al.

www. jsirjournal.com

pancreatic

endocrine

tumours.

J

27. Scorilas A, Gregorakis AK. MRNA
expression

Pathol 1997;183(1):62–9.
22. Borgono CA, Michael IP, Diamandis

analysis

of

human

kallikrein 11 (KLK11) may be useful

kallikreins:

in the discrimination of benign

physiologic roles and applications in

prostatic hyperplasia from prostate

cancer.

cancer after needle prostate biopsy.

EP.

Human

tissue

Mol

Cancer

Res

Biol Chem 2006;387(6):789–93.

2004;2(5):257–80.
23. Paliouras M, Borgono C, Diamandis

28. Yousef GM, Stephan C, Scorilas A,

EP. Human tissue kallikreins: the

et al. Differential expression of the

cancer biomarker family. Cancer

human kallikrein gene 14 (KLK14)

Lett 2007;249(1):61–79.

in normal and cancerous prostatic

24. Obiezu CV, Scorilas A, Katsaros D,

tissues. Prostate 2003;56(4):287–92.

et al. Higher human kallikrein gene 4

29. Jema A, Tiwari RC, Murray T,

(KLK4) expression indicates poor

Ghafoor A, et al. Cancer statistics.

prognosis of ovarian cancer patients.

CA Cancer J Clin 2004;54(1):8–29.
30. Luo LY, Rajpert-De Meyts ER, Jung

Clin Cancer Res 2001;7(8):2380–6.
25. Kim H, Scorilas A, Katsaros D, et al.

K, Diamandis EP. Expression of the

Human kallikrein gene 5 (KLK5)

normal

expressions is an indicator of poor

(NES1; KLK10) candidate tumour

prognosis in ovarian cancer. Br J

suppressor gene in normal and

Cancer 2001;84(5):643–50.

malignant testicular tissue. Br J

26. Roman-Gomez J, Jimenez-Velasco

epithelial

cell-specific

1

Cancer 2001;85(2):220–4.

A, Agirre X, et al. The normal

31. Yousef GM, Magklara A, Chang A,

epithelial cellspecific 1 (NES1) gene,

Jung K, Katsaros D, Diamandis EP.

a candidate tumor suppressor gene

Cloning of a new member of the

on

human

chromosome

19q13.3–4,

is

kallikrein

gene

family,

downregulated by hypermethylation

KLK14, which is downregulated in

in acute lymphoblastic leukemia.

different malignancies. Cancer Res

Leukemia 2004;18(2):362–5.

2001;61(8):3425–31.

Volume 1 Issue 3 2012 |

JOURNAL OF SCIENTIFIC & INNOVATIVE RESEARCH

64

Brijesh et. al.

www. jsirjournal.com

32. Chang A, Yousef GM, Jung K,
Rajpert-De Meyts E, Diamandis EP.
Identification

and

characterization

of

molecular
five

novel

DNA found in serum than in plasma.
Transfusion 2001;41(2):276–82.
37. O’Day SJ, Gammon G, Boasberg
PD, et al. Advantages of concurrent

kallikrein gene 13 (KLK13; KLKL4)

biochemotherapy

splice

differential

decrescendo

interleukin-2,

expression in the human testis and

granulocyte

colony-stimulating

testicular cancer. Anticancer Res

factor, and tamoxifen for patients

2001;21(5):3147–52.

with metastatic melanoma. J Clin

33. Jones

variants:

PA,

Laird

PW.

Cancer

epigenetics comes of age. Nat Genet

modified

by

Oncol 1999;17(9):2752–61.
38. Hoon DS, Spugnardi M, Kuo C,
Huang SK, Morton DL, Taback B.

1999;21(2): 163–7.
34. Esteller M, Sanchez-Cespedes M,

Profiling epigenetic inactivation of

Rosell R, Sidransky D, Baylin SB,

tumor suppressor genes in tumors

Herman JG. Detection of aberrant

and

promoter hypermethylation of tumor

melanoma

suppressor genes in serum DNA

2004;23(22):4014–22.

from non-small cell lung cancer

plasma

from

cutaneous

patients.

Oncogene

39. Herrera LJ, Raja S, Gooding WE, et

patients. Cancer Res 1999;59(1):67–

al.

70.

circulating plasma DNA as a tumor

35. Fiegl H, Millinger S, MuellerHolzner E, et al. Circulating tumor-

Quantitative

analysis

of

marker in thoracic malignancies.
Clin Chem 2005;51(1):113–8.

for

40. Herman JG, Graff JR, Myohanen S,

adjuvant

Nelkin BD, Baylin SB. Methylation-

therapy in cancer patients. Cancer

specific PCR: a novel PCR assay for

Res 2005;65(4):1141–5.

methylation status of CpG islands.

specific

DNA:

monitoring

a

efficacy

marker
of

36. Lee TH, Montalvo L, Chrebtow V,
Busch MP. Quantitation of genomic

Proc

Natl

Acad

Sci

USA

1996;93(18):9821–6.

DNA in plasma and serum samples:
higher concentrations of genomic
Volume 1 Issue 3 2012 |

JOURNAL OF SCIENTIFIC & INNOVATIVE RESEARCH

65

Brijesh et. al.

www. jsirjournal.com

41. Herman JG. Circulating methylated
DNA.

Ann

NY

Acad

Sci

47. Ambros

V,

Horvitz

Heterochronic

mutants

HR.
of

the

nematode Caenorhabditis elegans.

2004;1022:33–9.
42. Lofton-Day C, Model F, Vos TD, et
al. DNA-methylation biomarkers for

Science 1984;226(4673):409–16.
48. Smith RA, Cokkinides V, Eyre HJ.

bloodbased

colorectal

cancer

American Cancer Society Guidelines

screening.

Clin

Chem

for the Early Detection of Cancer,
2005. CA Cancer J Clin 2005;55:31–

2008;54(2):414–23.
43. Hoque MO, Topaloglu O, et al.
Quantitative

methylation-specific

44.
49. Bunting PS. Screening for prostate

gene

cancer with prostate-specific antigen:

patterns in urine sediment distinguish

Beware the biases. Clin Chim Acta

prostate cancer patients from control

2002;315:71–97.

polymerase

subjects.

chain

J

reaction

Clin

Oncol

50. Barry MJ. Clinical practice. Prostatespecific-antigen testing for early

2005;23(27):6569–75.
44. Dulaimi E, Uzzo RG, Greenberg RE,
Al-Saleem T, Cairns P. Detection of
bladder cancer in urine by a tumor

diagnosis of prostate cancer. N Engl
J Med 2001;344:1373–7.
51. Horoszewicz

JS,

Kawinski

E,

suppressor gene hypermethylation

Murphy GP. Monoclonal antibodies

panel.

to a new antigenic marker in

Clin

Cancer

Res

epithelial prostatic cells and serum of

2004;10(6):1887–93.
45. Ruvkun G. Glimpses of a Tiny RNA
World.

Science

prostatic cancer patients. Anticancer
Res 1987;7:927–35.
52. Israeli RS, Powell CT, Fair WR, et

2001;294(5543):797–9.
46. Volinia S, Calin GA, Liu CG, et al.

al.

Molecular

cloning

of

a

A microRNA expression signature of

complementary DNA encoding a

human solid tumors defines cancer

prostate-specific membrane antigen.

gene targets. Proc Natl Acad Sci

Cancer Res 1993;53:227–30.

USA 2006;103(7): 2257–61.

53. O’Keefe DS, Su SL, Bacich DJ, et
al. Mapping, genomic organization

Volume 1 Issue 3 2012 |

JOURNAL OF SCIENTIFIC & INNOVATIVE RESEARCH

66

Brijesh et. al.

www. jsirjournal.com

and promoter analysis of the human

58. Murphy GP, Kenny GM, Ragde H,

prostate-specific membrane antigen

et

gene.

prostate-specific membrane antigen,

Biochim

Biophys

Acta

YP,

Measurement

of

serum

a new prognostic marker for prostate

1998;1443:113–27.
54. Rochon

al.

Horoszewicz

JS,

cancer. Urology 1998;51:89 –97.

Boynton AL, et al. Western blot

59. Murphy GP, Barren RJ, Erickson SJ,

assay for prostate-specific membrane

et al. Evaluation and comparison of

antigen in serum of prostate cancer

two new prostate carcinoma markers.

patients. Prostate 1994;25:219 –23.

Free-prostate specific antigen and

55. Troyer JK, Beckett ML, Wright GL
Jr. Detection and characterization of

prostate specific membrane antigen.
Cancer 1996;78: 809–18.

membrane

60. Murphy GP, Elgamal AA, Su SL, et

antigen (PSMA) in tissue extracts

al. Current evaluation of the tissue

and body fluids. Int J Cancer

localization and diagnostic utility of

1995;62:552– 8.

prostate specific membrane antigen.

the

prostate-specific

56. Beckett ML, Cazares LH, Vlahou A,

Cancer 1998;83:2259–69.

et al. Prostate-specific membrane

61. Marchal C, Redondo M, Padilla M,

antigen levels in sera from healthy

et al. Expression of prostate specific

men

membrane

antigen

prostatic

adenocarcinoma

and

prostate
cancer.

patients

with

benign

hyperplasia

or

prostate

Clin

Cancer

Res

(PSMA)

prostatic intraepithelial

in
and

neoplasia.

Histol Histopathol 2004;19: 715–8.

1999;5:4034–40.
57. Burger MJ, Tebay MA, Keith PA, et

62. Ren JQ, Chen ZQ, Zheng L, et al.

al. Expression analysis of delta-

Correlation

catenin

prostate-specific

levels of prostate-specific membrane

membrane antigen: their potential as

antigen and prostate-specific antigen

diagnostic

prostate

with Gleason score of prostate

cancer. Int J Cancer 2002;100: 228–

carcinoma [in Chinese]. Zhonghua

37.

Zhong Liu Za Zhi 2004;26:735– 8.

and

markers

Volume 1 Issue 3 2012 |

for

study

of

expression

JOURNAL OF SCIENTIFIC & INNOVATIVE RESEARCH

67

Brijesh et. al.

www. jsirjournal.com

63. Murphy G, Ragde H, Kenny G, et al.
Comparison

of prostate specific

68. Gu Z, Thomas G, Yamashiro J, et al.
Prostate stem cell antigen (PSCA)

membrane antigen, and prostate

expression

specific antigen levels in prostatic

Gleason score, advanced stage and

cancer

bone metastasis in prostate cancer.

patients.

Anticancer

Res

increases

with

high

Oncogene 2000;19: 1288–96.

1995;15:1473–9.
64. Reiter RE, Gu Z, Watabe T, et al.

69. Hara N, Kasahara T, Kawasaki T, et

Prostate stem cell antigen: A cell

al. Reverse transcriptionpolymerase

surface marker overexpressed in

chain reaction detection of prostate-

prostate cancer. Proc Natl Acad Sci

specific

U S A 1998;95:1735– 40.

membrane antigen, and prostate stem

antigen,

prostate-specific

65. Han KR, Seligson DB, Liu X, et al.

cell antigen in one milliliter of

Prostate stem cell antigen expression

peripheral blood: value for the

is associated with Gleason score,

staging of prostate cancer. Clin

seminal

Cancer Res 2002;8:1794 –9.

vesicle

invasion

and

capsular invasion in prostate cancer.

70. Getzenberg RH, Pienta KJ, Huang
EY, et al. Identification of nuclear

J Urol 2004;171: 1117–21.
66. Lam JS, Yamashiro J, Shintaku IP, et

matrix proteins in the cancer and

al. Prostate stem cell antigen is

normal rat prostate. Cancer Res

overexpressed in prostate cancer

1991;51:6514 –20.

metastases.

Clin

Cancer

Res

Early identification of individuals

2005;11:2591– 6.
67. Zhigang Z, Wenlv S. Prostate stem
cell antigen (PSCA) expression in
human

71. Dhir R, Vietmeier B, Arlotti J, et al.

prostate

cancer

tissues:

with prostate cancer in negative
biopsies. J Urol 2004;171: 1419–23.
72. Uetsuki H, Tsunemori H, Taoka R,

Implications for prostate carcino-

et

genesis and progression of prostate

biomarker,

cancer.

adenocarcinomas and precancerous

Jpn

2004;34:414 –9.

J

Clin

Oncol

al.

Expression

of

a

novel

EPCA,

in

lesions in the prostate. J Urol
2005;174:514–8.

Volume 1 Issue 3 2012 |

JOURNAL OF SCIENTIFIC & INNOVATIVE RESEARCH

68

Brijesh et. al.

www. jsirjournal.com

73. Ranno S, Motta M, Rampello E, et

same gene product is simultaneously

al. The chromogranin-A (CgA) in

located

prostate

peroxisomes. J Biol Chem 2000;275:

cancer.

Arch

Gerontol

mitochondria

and

20887–95.

Geriatr 2006;43:117.
74. Abrahamsson PA. Neuroendocrine
differentiation

in

in

prostatic

80. Schmitz W, Albers C, Fingerhut R,
et

al

E.

Purification

carcinoma. Prostate 1999;39:135–

characterization

of

48.

methylacyl-CoA

racemase

75. Luo J, Zha S, Gage WR, et al.
Alpha-methylacyl-CoA racemase: A

human

liver.

and

an

Eur

J

alphafrom

Biochem

1995;231:815–22.

new molecular marker for prostate

81. Zielie PJ, Mobley JA, Ebb RG, et al.

cancer. Cancer Res 2002;62: 2220–6.

A novel diagnostic test for prostate

76. Rubin MA, Zhou M, Dhanasekaran

cancer

emerges

from

the

alpha-Methylacyl

determination of alpha-methylacyl-

coenzyme A racemase as a tissue

coenzyme a racemase in prostatic

biomarker

secretions. J Urol 2004;172: 1130–3.

SM,

et

al.

for

prostate

cancer.

82. Rogers CG, Yan G, Zha S, et al.

JAMA 2002;287:1662–70.

Prostate

cancer

P504S: A new molecular marker for

urinalysis

for

the detection of prostate carcinoma.

coenzyme a racemase protein. J Urol

Am J Surg Pathol 2001;25: 1397–

2004;172:1501–3.

77. Jiang Z, Woda BA, Rock KL, et al.

detection

alpha

on

methylacyl

83. Chen YT, Gure AO, Tsang S, et al.

404.
78. Ferdinandusse S, Denis S, IJlst L, et

Identification

of

multiple

and

cancer/testis antigens by allogeneic

alpha-

antibody screening of a melanoma

methylacyl-CoA racemase. J Lipid

cell line library. Proc Natl Acad Sci

Res 2000;41:1890–6.

U S A 1998;95:6919 –23.

al.

Subcellular

physiological

localization
role

of

79. Kotti TJ, Savolainen K, Helander
HM,

et

al.

In

mouse

alphamethylacyl- CoA racemase, the
Volume 1 Issue 3 2012 |

84. Mintz PJ, Kim J, Do KA, et al.
Fingerprinting

the

circulating

repertoire of antibodies from cancer

JOURNAL OF SCIENTIFIC & INNOVATIVE RESEARCH

69

Brijesh et. al.

www. jsirjournal.com

patients.

Nat

Biotechnol

2003;

21:57– 63.
85. Tan EM. Autoantibodies as reporters
identifying

aberrant

cellular

mechanisms in tumorigenesis. J Clin
Invest 2001;108:1411–5.
86. Zhang JY. Tumor-associated antigen
arrays to enhance antibody detection
for cancer diagnosis. Cancer Detect
Prev 2004;28:114–8.
87. Liu P, Tarle SA, Hajra A, et al.
Fusion between transcription factor
CBF beta/PEBP2 beta and a myosin
heavy

chain

in

acute

myeloid

leukemia. Science 1993;261:1041–
4.
88. Liu PP, Hajra A, Wijmenga C, et al.
Molecular

pathogenesis

of

the

chromosome 16 inversion in the
M4Eo subtype of acute myeloid
leukemia. Blood 1995;85:2289 –302.
89. Peterson LF, Zhang DE. The 8;21
translocation

in

leukemogenesis.

Oncogene 2004;23:4255– 62.

Volume 1 Issue 3 2012 |

JOURNAL OF SCIENTIFIC & INNOVATIVE RESEARCH

70

