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Biomarkers are biochemical or

molecular parameters associated with the
presence and severity of specific disease
states. Biomarkers are .detectable and

measurable by a variety of methods‘

1ncludmg var1ous laboratory assays and
medical imaging systems like computed
© tomography (CT), magnetic resonance

imaging (MRI), or nuclear med1cme -

techniques such as positron emission

tomography (PET). In addition to these
’ .estabhshed techmques, there are-a

varlety of 1mag1ng methods in Var1ous

stages of development that hold great.

promise in the. 1mag1ng of biomarkers,
such as molecular i imaging, a. method that

allows detectmn of specrﬁc molecules in

11v1ng orgamsms Tumor b10markers are

~ substances, usually proteins that are .

'produced by the body in response to
cancer growth or by the cancer tissue
itself. Some. tumor biomarkers are

. specific; Whileothersare seer_i in several:
cancer types. Many of the well-known

‘biomarkers are also seen in non-cancerous

conditions. Consequently, these tumor
biomarkers are not diagnostic for cancer.

- There are only few Well estabhshed
tumor blomarkers that are belng
routinely used by physlc1ans Many other
potential biomarkers are still being
researched. Some biomarker testscaus’e

‘great excitement when they are first-

discovered = but, upon further
investigation, prove to be no more useful
than blomarkers already in use. The goal .
is to be able to screen for and dlagnose
cancer early, when it is the most treatable
and before it has had a chance to grow

and metastasize. So far, very few tumor

~ biomarkers have gained wide acceptance

as a general screen. Other biomarkers are
either not specific enough with high false

positives, leading to expensive and

unnecessary follow-up testing or they are
not elevated early:enough in the disease
process. Some people are at a higher risk .
for particular cancers because they have
inherited a genet1c mutation. While not

' cons1dered tumor makers there are tests

Correspondence Subrata Smha, Dept of B1ochem1stry, All India Inst1tute of Medlcal Sc1enf.':s

New Delhi




264 Subrata Sinha et al

that look for these mutations in order to

estimate the risk of developlng a
particular type of cancer. BRCA1 and
BRCAZ2 are examples of gene mutations

related to an inherited risk of breast

cancer and ovarian cancer.

Examples of biomarkers rnclude

genetic biomarkers (e.g., nuclear

aberrations [such as micronuclei], gene
amplification, and mutation), cellular
biomarkers  (e.g.; differentiation
biomarkers and measures of proliferation,
such as thymldlne labehng index),
hlstologlc blomarkers (e.g., premahgnant

~ lesions, such as leukoplakla and colonic -

polyps), and- b1ochem1ca1 and
pharmacologlc b1omarkers ’ o

Tumor blomarkers are riot dlagnostlc

| in themselves A definitive diagnosis of
cancer is made by looklng at biopsy
specunens (e. g., of tissue) under a

' microscope. However tumor biomarkers

prov1de mformatmn that ean be used for

Screenmg Some biomarkers may be
sulted for general screening mthose with
a strong family history of a particular
cancer. In the case of genetic biomarkers,
they may be used to help predict risk in
k famlly members e.g. PSA for Prostate
cancer

Dzagnoszs Inthe d1agnos1s of cancer:

tumor biomarkers can be used as an aid.
A patient presenting with a symptoms
tumor biomarkers may be used to help
identify the source of the cancer, such as
CA-125 for ovarian cancer, and to help
~ d1fferent1ate it from other condltlons

Guiding Treatment: Some tumor

 biomarkers will give doctors information

about what treatments their patients may

_respond to e.g. Her2/neu positive breast -
.cancer and respond to Herceptin
~treatment.

Monitoring Treatment: Tumor
biomarkers can be used to monitor the

effectiveness of treatment, especially in

advanced cancers. If the biomarker level

~ drops, the treatment is working; if it stays

elevated, adjustments are needed e. g
CEA in colorectal cancer. :

Determzmng recurrence: Currently,
one of the biggest uses for tumor
blomarkers is to monitor for cancer
recurrence If a tumor biomarker is
elevated before treatment, low after
treatment, and then begins to rise over
time, then it is likely that the cancer is
returning. (If it remains elevated after
surgery, then chances are that not all of
the tumor was removed )

A 11st of commonly used tumor
blomarkers is given in Table 1 and tumor
blomarkers being evaluated is hsted 1n‘
Table 2. S

Genetlc Alteratlons in Tumors as
Blomarkers

The post human genome project era,
and the advances in biotechnology have

‘generated many candidate biomarkersin -

cancers with potential clinical value.
These biomarkers can be a signature for

;c‘;ancer staging at the time of di‘agnosise

and/or personalization of therapy which
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‘Téble 1: Common Tumor biomarkers Currently in Use

Tu"inor; Tumors | Applications | Sample .
|Biomarkers ‘ - Ao
A‘FP,,:(Alphya-fetof‘ Liver,sygerrh cell cancer: Diagnose, ‘morhitor treétmeht ~ | Blood " ;
|protein) of OVarigas or testes. ‘,a'nd determine recurrence Ly
B2M (Be,tay2 : | Multiple myeloma and ( ‘Determine prdgnosis Blood
microglobulin) | lymphomas o g ‘
BTA (Bladder Bladder Cancer Diagnose and determine “Urine
tumor antigen) .| recurrence L
|CA-125 (Cancer | Ovarian Cancer Diaéﬁbse;imohitor:ti‘éatm‘ent Blood
|antigen 125) ’ and determine recurrence -
CEA (Carcino- Coiorec'tal, lung, breast, | Monitor treatment and ‘ Blood :
embryonic. thyroid, pancreatic, determine recurrence
antigen) liver, cervix, and bladder | : o
CA 19-9(Cancer | Pancreatic, sometimes | Stage disease, monitor treatment Blood
antigen 19-9). colorectal and:bile ducts ‘and determine recurrence S
CA 1573 (Cancer Breast"an‘d others Stage disease, mdnitor treatment | Blood
antigen 15-3) including lung, ovarian | and determine recurrence S
hCG.(Human | Testicular ahd b Help diaghOSe, monitor. treatmeht ; Blood,
“fchorionic: |:trophoblastic and determine recurrence . Urine .
gonadotropin). . | ‘ .
|Estrogen . Breast cancer ‘Determine prognosis and guide | Tissue
receptors and E treatment (Hormones'and =~ :
|Her-2/neu ’ Herceptin) ;
‘Mono,'cyylfbyhayl - Mult1p1e ‘r‘nyelyoma“aynd‘ k Help diagﬁosé;, momtor ‘ Blkdo:c‘l,’
immun'oglobulins Waldens:trom"s“ ‘ treatment, and ‘de‘term'i’ne : Urine
L ' | macroglobulinemia recurrence [
NSE (Neuron- | Neuroblastoma, small Monitor:treatment. - Blood
specific enolase) ;ckell‘liunglc‘anc’et: ‘ ; ‘ : oo
"PSA‘(P‘rostate” : :ProStaiteéance‘r | Screening, diagnose, monitor = | Blood |
specific antigen) ‘ treatment, and determine ‘
L L recurrence ” ~
|Thyroglobulin | Thyroid cancer Determine recurrence Blood
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Table 2: Tumor blomarkers belng evaluated -

Tumor Tumors ;

Biomarkers.

Apphcatlons

| Sample

Cytokeratin 18
(CK18), bladder
tumbr fibronectin
(BTF), Bladder
tumor 9ntigen
BTA)

Bladder cancer

Help diagnose and determme .

| recurrence

TA-90

MétaStatic melanoma | Help diagnosis

|cazas,
L JCAM 171 and
Tissue

Pancreatic cancer:-

| polypeptide
i speciﬁcan‘tigen‘
laps)

~ {Help d1agnos1s

could improve patient care. Assessment

of genotypes at single locus may
‘contribute to evaluation: of cancer risk;

progression. In case of sporadic cancers

information and research which is being
translated to the clinic. There are

:prognos1s The HER2 gene is over

~expressed in ~30% of breast cancers,
increasing the aggressiveness of the

tumor. Herceptin (or trastuzumab),

Erecomblnant monoclonal antibody agamst 5

HER2, is now part of the ideal

fmanagement in patients who over express

‘thisV receptor: ‘This was ﬁrst conclusively

d1agnos1s and prediction of disease
_resulted in a s1gn1ﬁcantly longer time to
we are at a stage where there is a lot of
; : response, a longer duration of response,

‘molecular biomarkers which are chmcally, :
:apphed in selecting the pat1ents for ‘
specific therapy and to momtor the,‘

shownina phase 3 clinical trialin women

~ with metastatic breast cancer who over :
expressed HER2. When added to

conventional chemotherapy the antibbdy

'dlsease progression, a higher rate of

; ahd‘improved overalll‘ survival (1').~ In |
oligodendroglioma, several studies have
shown that 1p and 19q loss are 100%

~ responsive to PCV (Procarbazine,
- Carbamazipine and Vincristine) therapy
; and have an average survival of 1‘2‘Vy"e'ar,s
instead of 2 ‘y‘e‘arsib'efqre‘ the era of PCV..

It also helps avoid patients with no loss
- of 1p/19q, who are not responsive to PCV,

~ from unnecessary risk of chemotherapy

In tumor momtormg and in determmmg.
the response of hematologlcal



malignancies, molecular typing is
increasingly used. The BCR-ABL fusion
protein of its translocation can be
determined by PCR for monitoring CML,
N-myc amphﬁcatlon correlates with poor
prognosis in neuroblastoma _patients.
Amplified N—myc confers resistance to
certain drugs like cisplatin used in the
therapy of the d1sease There is a vast

body of hterature on p53 that has yet to :

“be transformed to chmcal pract1ce For
example 1n prostate cancer, mutatlons in
the p53 gene are. assoc1atod with
metastas1s and may serve as a biomarker
for progressmn (2) o

Heredltary cancers

In the case of heredltary cancers,
assessmg the molecular alteratlon may
contribute to evaluatmn of cancer r1sk and

'early d1agnos1s The lmkage of mutat1ons :
in the BRCAI and BRCA2 genes to

~ suscept1b1l1ty to both breast and ovarian
cancers is now used in clinical practice.
leen this risk, otherw1se healthy
1nd1v1duals Who test pos1t1ve for BRCA1/
2 mutatlons may opt to undergo
prophylact1c bllateral mastectomy and
oophorectomy (3). The same reasonmg
can be ‘used for screenmg for p53
mutat1ons in detectmg at risk 1nd1v1duals
in families of Li Fraumem syndrome

‘Slmllar mutationin APC gene contribute -
‘both to hereditary and sporadic colorectal

-.cancers, maklng screemng for mutatlons
in this gene a poss1ble component of
colorectal cancer risk assessment and
clinical management (4).

'HNPCC
(hered1tary nonpolypos1s colon cancer) is
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a hereditary syndrome that is caused
when a person inherits a mutation in
different mismatch repair .génes;
mutation:in two of the gene MLH1 and
MSH2 account for the vast majority of
detectable mutations. Members of
families with an error in one of the genes
associated with HNPCC should strongly
cons1der some spemal colon cancer
screenmg and preventwn optlons

Blomarker discovery in post genomic
era : Molecular profiling of cancers

Biomedical research in general is in
the midst of an informational and
technological reyolution. Over the 'past
decade, \molecular prOﬁling has emerged
as a dynam1c new d1sc1p11ne capable of
generating a global view of DNA

alterations, mRNA and protein patterns -
in various cell types and disease processes

by integrating the expandmg genetic
databases from the Human Genome

'Project with newly developed expression

analys1s technologles It helps in
explalnmg the relatlonshlp between
genotype and phenotype in humans

which is still largely unknown It also

“provide with the identification of neW
‘molecules for development of new

d1agnost1c and therapeutlc targets for
chnlcal 1ntervent1on

: The underlymg cause of each
patient’s disease is typically unique to.the
individual. Molecular profiling provides

- advanced analysis and tools to betterhelp
the physician determine the molecular
characteristics of each patlent’s disease

80 that they may better modlfy the
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medical strategy specific to the individual.
Hence molecular profiling with Genomic-
based & Proteomic-based approaches and
tissue arrays is being used to discover
next generation biomarkers which help to

- obtain more global views on cancer genes.
These include:

DNA based blomarkers - Genetlc
changes and mutatlons in oncogenes

tumor suppressor genes and genes'

involved in malntamlng the cellular
integrity. - ~
 Mitochondrial
biomarkers.

DNA  based
Pattern- based RNA express1on

analys1s
tumor types '

Epigenetic b1omarkers Potent1al to‘

guplde ‘treatment decisions for a number

of marketed and developmental agents.

~ Specific  proteomic
assomated with' dlsease o
Genomlc based approaches.

: .Genomlcs 1nvolves the study of complex
set of genes, thelr expressmn and
1nteract10n ~with each other us1ng
mlcroarray system The ~cancer
development is dependent on many

different genes, their express1on and‘

mteractlon with each other to create a
favorable environment for disease to

~develop. Wxth the advancement in the

study of genonnc ana1y51s the
, 1dent1ﬁcat1 on of a set of genes (rather than
smgle genes) expressed in the tumor is
posmble that may prov1de far more

Demonstrated ina number of o

patterns

spec1f1c and reliable 1nf0rmat10n
regarding the tumors.

DNA mlcroarrays These are the
cornerstone of genomic analys1s They '
comprise a number of \(often thousands)
of genes'spotted onto a glass slide in a
precise manner. There are two types of
DNA mlcroarrays cDNA array and
ohgonucleotlde array. cDNA array is used
mostly for gene expressmn proﬁhng RNA
isolated from the tumor tissues are
labeled and then hybrldlzed to the

_ m1croarray (chip) which contain known

DNA molecules (~100 nts) 1mmob111zed on
a solid surface (Figurel). An array can.
accommodate ~20 thousand specific
sequences on a s1ngle chip, either chosen
randomly or dellberately biased to
represent collectlon of genes typlcally
expressed in a cell type of interest.

Ol1gonucleot1de array contaln short
nuclelc ac1ds upto 25 nts 1mmob111zed ‘on
a glass shde surface They are used to
screen for sequence varlatlons
(mutatmns) of spec1f1c genes and for
genotyplng where labeled DNA from an

: 1nd1v1dual 1s tested for genetlc markers

like slngle nucleotlde polymorphlsms
(SN Ps) m1crosatelllte markers to yleld a
ﬁngerprlnt which in turn may be l1nked ‘
to the nsk of developmg dlseases .

1In cancer DNA mlcroarray can: be
apphed to e ~ L

e Study the global gene expressmn

: pattern in tumors contributing to

. .,mallgnancy L. e snapshots of genes
~either up- or down regulated 1n
~ tumors. ~
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Figurel: Schematic representat‘icn of Microarray a‘naylys,is G

Normal cell ; Cancer cell
: ‘L ‘RNA isolation ¢
- Reverse transcriptase “label‘i‘ng of cDNA
Green fluorescence ~ Red fluorescence -

Combined in equal amounts and hybridize
this target mixture to microarray.

4o

'S‘can ‘ehd“ahalyse data

) Higher expression of gene in normal sample
: (green ﬂuorescence) R

@ ngher expression of gene |n tumor sample . :
(red fluorescence)

D @ 0o
5@ @@
DSCQ
DODO
ee@_
©0o |

@ Comparable expressnon of gene in both normal
and tumor samples (yellow ﬂuorescece)

: O Error in fluorescence readlng

@@@%@Q

The intensity and color of each spot encode lnformation
- on a specific gene from the testod samples.

- Molecular classification of neoplasms
- by gene expression signatures

Discovery of new prognostic or
predictive indicators and biomarkers

of therapeutic response k
- Ikdentiﬁcation ‘and validation of new
k‘m“o‘le(‘:ula:r targets for drug
‘ development - . ‘

Ident1f1cat10n of genes conferrmg
. drug re51stance ‘

e Prediction or selection of patients
most likely to benefit from, or suffer
from partlcular side effects of drugs

~ (pharmacogenomlcs)

There are. reports in the hterature :
where mlcroarray analyses was done to
class1fy and to predlct the clinical outcome
of cancers. In case of acute mye101d
leukemia a 13,000- gene array was used
that separated acute mye101d leukemla
patients into classes, including one class
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with a particularly poor clinical outcome

(6). Bullinger et al. (6) has used a 133-
gene predictor that classified patients of
AML into clinically relevant subtypes.

Alizadeh et al. (7) studied lymphoma .

using Lymphochip, an expression array
that separated patients with two subtypes

originating from different progenitor cells,

one  with - 76% response rate -to

chemotherapy and the other with poor

response. Hoffman et al. (8) have analyzed
published ALL microarray data set using
- robust multi-array. analysis (RMA) .and
random forest (RF). They identified a set
of 26 genes that yield accurate subgroup

distinction and raised the prospect of a -
diagnostic gene expression platform for

accurate diagnosis in pediatric ALL.
Lapointe et al. (9) have used a microarray
of 26,000 genes that separated prostate
tumors into. three dlStlI’lCt classes
dependlng on the gene expresswn
pattern. A 4-gene model (10) predicted
relapse of prostate cancer independent of

stage and grade. Biopsy specimen of lung -

cancer was analyzed (11) using a 99-gene

profile and a 42-gene profile associated -

with increased risk of death. A review
_article (12) has discussed the molecular
profiling of non-small cell lung cancer, the
- progress made thus far in relation to its
pathogenes1s -molecular

that. may be of usein d1agnos1s screemng,
and assessing the effectlveness of therapy
v By molecular proﬁhng of breast cancer
using two dlfferent gene sets: first, a set

of 456 cDNA clones that reﬂect the‘

intrinsic properties of the tumors and,

“second, a gene set that highly correlated

with pat1ent outcome, estrogen receptor
positive tumor cells of breast cancer are
separated into two distinct classes with
different survival proflle (13) van de
VlJVGI' etal. (14) used mlcroarray analy51s

; of 70-gene prognosis proﬁle and classified
- a series of 295 consecutlve patients with

primary breast carcinomas as having a
gene-expression signature associated
with either a poor prognosis or a good
prognosis. Glaset al. (15) have translated
the 70 gene prognostic profile into a small
custom made microarray containing 1900
probes instead of original 25,000 probes

to predict the outcome of disease in breast

cancer patient. Wang etal.(16) have used
a 23-gene s1gnature in colon cancer that
predicts recurrence in Duke’s B pat1ent

‘ ; and upstaged to receive ‘adJuvant therapy.
Ziober et al. (17) have identified a 25-gene

signature of early diagnosis and mass

_screening of OSCC (oral squamous cell

carcinomas). This gene signature was
found to be 96% accurate on cross

validation. These arrays are measuring

up well when compared with conventional
classification and prognostlcatlon’
methods

o Arrays are also used to study the drug

“ response in different malignancies: A 31

gene profile distinguishes individual with

- CML that achleved major cytogenetlc

response treated with 1mat1n1b (tyrosine

~ kinase inhibitor) (18). A 95 gene profile
- was identified that predicted 1mat1n1b

sensitivity in ALL (19). Gene expression



pattern in childhood ALL and response to
drugs hke predmsolone (33 ‘genes),

vincristine (40 genes) L-asparaginase (35
genes) or daunorubicin (20 genes) was

studied by (19). Xu et al. (20) did -

pharmacogenomic profiling of PISK/
PTEN-AKT-mTOR pathway in many solid
tumors and identified variable expression

of all the signaling protein in this pathway

and predicted sensitivity to mTOR
inhibitor (rapamycin). Potti et al. (21)

have developed gene _expression
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signatures that predict sensitivity to
individual chemotherapeutic drugs and
“also ,to‘ multidrug
malignancies of different tissue origin.

~regimens in

 After the discovery stage has been
completed using microarrays, a smaller
subset of targets is .spotted on a
macroarray which can be used more
convemently The differences between
m1croarray and macroarray are glven in

Table 3

Table 3: Mici'oarrast ’Macroarray "

Microarray =

: Macroarray

Molecular portrait of the whole 'geno‘me ‘

Molecular portrait of the biological pathways,:

DNA/Oligo’s spot size smaller than 200
microns in dlameter

Spot size over 300 micron in diameter

Contain thousands of spots per ari'ay S

Fewe1 ‘spots, are present usually hundreds or
less per array o

Capture a molecu]ar portralt of the hvmg cell
or tlssue ‘ ‘

Molecular s1gnature obtalned by parallelk

' dlfferent physmlogmal and pathologlcal origin

compamson of the portralt among samples of

Done for discovering or for research purpose -

; Cl1n1ca1 apphc atxon for tumor classxficatlon ‘

prognostlcatlon and therapeutlc response o

Proteomlcs based approach

Proteomlcs The goal of Proteomlcs 18
to f;obtam a more global and integrated
view of biology by studying all the
“ proteins of a cell rather thaneach one
individually: The growth of proteomics is

~adirect result of advances made in large =

‘ scale nucleotide sequencing of expressed
sequence tags (ESTs) and genomic DNA

- as without this information protein could

not be identified, Protéomics is important

~as many type of information cannot be
~obtained from the study of gene alone”

Protein expression. and function are

subject to modulatlon ; through ,
transcrlptlon as kWGH as ”through
posttranscnptmnal and posttranslatlonal

: events More than one RNA can result.

frcm one gene through a process of
‘dlfferentlal sphcmg Addltlonally, there ‘
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are more than 200 post translation

modifications that proteins could undergo
that affect function, protein-protein and
nucleotide-protein interaction, stab111ty,
targeting, half-life etc., all contributing to
a potentlally large number of protein

products from-one gene. Protelns are.’

responsible for the phenotypes of cells

anditis only through the study of proteins
~can protein modification be characterized

and the targets of drugs identified.
Depending on the type of study different

approaches are apphed in proteomlcs llke:‘

Two-dimensional Gel electrophores1

~ (2-DE): 2- -DE is done for separation and ;
isolation of different proteins in a sample.
2-DE is able to resolve proteins that have

' undergone some form of ‘posttranslational
modlﬁcatlon and/or dlfferent forms of

proteins that arise from alternative

" mRNA sphclng or proteolytlc processing.
A number of 1mprovements have been

‘made in 2-DE over the years hke ‘

klntroductlon of immobilized pH gradlents

(1mproved the reprodumbﬂlty of 2- DE), ,

the use of ﬂuorescent dyes (1mproved the
sens1t1v1ty of protein detection),

specialized pH gradients (able to resolve

more proteins) and automation of the

- process of 2-DE from gel running to image _

analys1s and spot p1ck1ng

Mass spectrometry QMSz MS 1s an

1mp0rtant emerglng method for the :

'characterlzatlon of protelns and
acqu1s1t10n of protem structure
‘ 1nformat10n MS can glve sequence data

: from any Coomassm stamed band or gell

spot. The protein is digested with trypsin
in the gel, peptides eluted and
fractionated by reverse phase

. chromatography and introduced into the
mass

mass  spectrometer. The
spectrometer determines the mass of the

peptides and the sequence (by collisionally

induced dissociation). From the masses of
the peptide fragments, sequence data is ,
determined by comparison ‘with known
sequences or by manual interpretation.

The methods for ionization of whole

proteins are electrospray ionization (ESI),

matrix-assisted laser desorptlon/
ionization (MALDI) and surface enhanced
laser desorptlon 1on1zat10n (SELDD).

, ESI Samples are analyzed by loadlng
1nto an ion trap mass spectrometer using
an FlectroSpray Ionization (ESI).

‘Peptides require some form of p_uriﬁcation
~ after in gel digestion and manual loading

of the  samples in individual

‘mlcrocaplllary tubes. It is tedlous and
i ’S].OW = Gk ;

MALDI: Most often, masses are

~determined by Matrix Assisted Laser

Desorptlon Ionlzatmn Tlme of Flight
mass spectrometry (MALDI-TOF) (Flgure

. 8). In this technique, the sample is mixed

with a matrix, commonly cyanohy-
droxycinnamic acid for peptides or
sinapinic acid for proteins and dried,

- When irradiated with a nitrogen laser, the

matrix adsorbs energy, which is

transferred to:the peptide molecule, which

desorbs into the gaseous phase. An

electric field accelerates it, and by
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- Figure 3 : Protein separation by 2DE and protein identification by
- MALDI (Matrix assisted laser Desorption ionization).

- Isoelectric focusing

cells

- SDS-PAGE :

&
+«

cells

transformed

Transformed

Protein resolved in_
2-D PAGE

The protein is digested with
tryspin in the gel o

"The 'sample mixed witha
“matrix and dried

- Irradiated with a nitrogen laser,
- desorbs into the gaseous phase

An electric field accelefates it, and
. measuring the time it takes to reach a
‘ detector, the mass can be determmed

" measuring the time it takes to reach a
detector, the mass can be determined.
Sample application can be performed by
arobot, the entire process including data

COlléctiQn and analysis can be automated -
and the samples can often be used directly

~ without any purification after in- -gel
dlgestlon (Qin et al 1997).

- SELDI: SELDI overcomes mahy of'
the problems associated With‘sample;
preparation inherent with MALDI-MS.

The underlying principle in SELDI is
surface enhanced affinity capture through

the use of specific probe surface or chips.

A 2 DE ana]ys1s separatlon is not
necessary because it can bind protein

- molecules on the basis of its defined ch1p

surfaces Chlps with broad binding

‘4 properties, 1nc1ud1ng 1mmob111zed metal
; affinity capture, and w1th biochemically

characterized surfaces such as antibodies
and receptors, form core of SELDI (22).
This- MS technology enables both
biomarker diécovéry and protein profiling
from the sample source Wlthout
preprocessmg - ‘

: Mass analysas of proteolytlc peptides

is a much more popular method of protein
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characterization, as cheaper instrument

designs can be used for characterization.

Additiohally, sample preparation is easier

once whole proteins have been digested
into smaller peptlde fragments

Protem mlcroarrays

In protein mlcroarray dlfferent
~molecules of proteins are affixed
robotically over a glass slide at separated
locations in ordered manner thus forming
a microscopic array. The technique
preserves the function of the delicate

proteins and is used to identify protein-
protein interactions. Protein microarray

technology has the potentlal to monltor
* complex 1ntracellular protein expression

and ‘to s;_multaneously study ‘the
interaction between proteins and a large

‘number of potential interaction partners.

Protein microarray based assays can be
grouped accordmg to dlfferent formats

~and dlfferent types of apphcatlons One

i8 forward phase proteln microarrays
which include protein capture microarray
and sandwich m1cr0array and the other

is Reverse phase protein mlcroarray

which 1ncludes dlrect protein micr oarray
(Flgure 2) :

. FigUre 2 ; Antibody array and pkrotei:h array .

- Fluorophore
. Protein
 Antibody

Solid supprot

Protein capture microarraﬁ (ForWard phase protein microarray)

‘ Dij"ect:broteinimi‘c‘rea:rray (Forward phase protein microarray)



-Protein expression proteomics: :

The quantitative study of prote1n
expressmn between samples that differ by
_some variable is known as expression
proteomics. In this approach, protein
expression of the entire proteome or of
subproteomes between samples can be
compared. Information from this
, approach can identify novel proteins in
signal transduction or identify disease-
spe01ﬁc proteins. ‘

’ Structural p_roteomlcs

Structural“proteomics attempts to
~ identify all the proteins within a protein
complex or organelle, determine where
they are located, and characterize all
protein-protein interactions. An example

of structural Proteomics was the recent -

analysis of the nuclear pore complex.
Isolation of specific subcellular organelles
or protein complexes by purification can

greatly: 81mpl1fy the Proteomic analysis. -

This 1nformat1on will help piece together
the overall architecture of cells and
_explain how expression of certain proteins
glves acell 1ts unlque characterlstms ~

Functlonal proteomw

" “Functional proteomics” is a broad
term for many specific, directed
proteomics approaches. This could include
the isolation of protein complexes or the
use of protein ligands to isolate. specific
types of proteins This approach allows a

selected group of proteins to be studied ‘

and characterized and can provide
important information about proteln‘
signaling, disease mechamsms or protem—
drug 1nteract1ons :
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Application of proteomics in cancer.

New proteomlc technology allows us
to gain an overview of thousands of :
proteins simultaneously as a proteomic
pattern, analyze the individual protein

.signaling pathways being utilized by

neoplastic cells, characterize the
neoplasm biologically, and select specific

targeted treatment modalities, known as

personahzed” molecular med1c1ne

Several studles have already shown
that protem ﬁngerprmts can reprodumbly
d1st1ngu1sh between normal and tumor
samples e.g. Bleast cancer (23, 24) and
bladder cancer (25). Moreover, proteln ,
proﬁlmg fac111tates the’ d1fferent1at10n
between samples (mcludmg cytolog1ca1

‘material) obtained from hlstologlcally

different types of tumor l1ke non-small-
cell 1ung cancer (26) leukemlas (27.

. Reﬁmng diagnosis at the molecular level ,

would obviously greatly 1mprove the

class1f1cat10n of tumors, ultlmately

amehoratmg our ab111ty to predict chmcal
outcome and to 1dent1fy 1nd1v1duals at a
hlgher I’lSk of d1sease recurrence '

The potent1al ut1hty of chlp based
proteomics in the early detection of cancer .

" has been demonstrated by (28 a,b), who

have identified a serum proteomic pattern
that accurately d1st1ngu1shes individuals

with ovarian and prostates cancer from

control subjects. Valerio et al. (29) have
apphed proteonuc analys1s of serum
samples to the differential diagnosis of

~ tumors from tumor-like diseases, such as
pancreatic carcinoma and chronic

pancreatitis; Sera from individuals with
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melanoma and healthy Volunteers have

~ been analyzed by MALDL-MS (Matrix

Ass1sted Laser Desorptlon Iomzatlon-
Mass Spectrometer) This (30) showed the
presence and abu‘ndance of proteins with

molecular we1ghts of 2500-3500 Da,
which were completely absent i in control

“subjects, 1nd1cat1ng the potential of

- protein. proflllng not only in early

diagnosis but also in disease. prognosis.
de Nooet al. (31) have used MALDI-TOF
to assess the feamblhty of this approach
for the detectlon of breast cancer.

Preoperatlve serum samples were

obtamed from 78 breast cancer, patients
and 29 controls ngh sens1t1v1ty (100%)
and spemﬁmty (97 %) were shown for the

. detectmn of breast cancer and 1ndlcated'
the potentlal usefulness of serum pr otem ‘
proﬁle in breast cancer detection. Mlguetr

et al. (32) have used SELDI- TOF-MS
technology to d1scover and 1dent1fy
potentlal b10markers for accurate
" d1agn051s of the dlfferent forms of chromc
rmature - B- cell lymphomas New
k blomarkers were observed in 3 mass
ranges (m/z = 13000, m/z = 9000, m/z =
<2000) These markers were observed in

38% of the patlent’s Sera but in none of :

the control sera L

: Bes1des prov1d1ng nevv 1nS1ghts into
cancer pathogenes1s proteomlcs could
have an unprecedented impact on some
 vital areas of cancer patient management

~such as :

Early detectmn of disease, by using

~ proteomic patterns of body ﬂu1d

samples (33, 34)

~studies,

e Cancef diagnosis and/or prognosis,
based on proteomic signatures of
tumor samples as.a complement to
hlstopathologlcal evaluatlon (28, 35
25.)

e The deVelopment of new disease and/ -
or patient-specific therapeutic '
~strategies after the identification of
 differential display between normal
tissue and tumor tissue (36,37) and
e A rational modulatlon of therapy
accordmg to changes in protein

profiles associated with drug
resistance (38, 39, 40).

Tissue mlcroarrays ‘

Compared w1th the hlgh throughput

. techmques of genomlcs and proteomics,

most tissue based molecular analyses are
slow, cumbersome and require extensive
manual interaction. Using conventional
molecular pathology techmque only single
sample can be process, by cutting thin “

- Hum section and analyzmg the specimen

by 1mmunosta1n1ng or in-situ
hybr1d1zat1on, and it is cumbersome and
slow. To overcome these l1m1tat1ons of
conventmnal techmque and to enable
genome scale molecular pathology
Tissue microarray (TMA)
technology was developed. TMAs

facilitate the analysis of molecular

alterations in thousands of tissue
specimens in a massively parallel fashion.

Construction of TMAs is achieved by

acquiring cylindrical core specimen from
up to 1000 fixed and parafﬁn embedded
tissue specimens and arraying them at
high density into a recipient TMA block.




The composite array block is sliced into -

sections that are placed on a glass slide.
The slide now contains hundreds of tumor

samples; 'Im'munohistochemical staining

or in sitiv hybr1d1zat10n can be used to
query the array for specific molecules

suchas 1nsul111511ke growth factor binding -
protein (e.g. IGFBP1), apoptosis related

proteins (e.g. BCLZ) heat-shock proteins

"(e.g. HSPs) and a transcription factors :

(e, g GATA2).

. Studles are. done using t1ssue array
method to look for the increased
expression of various proteins in cancer
 tissues. Singer et al. (41) have used tissue

arrays to investigate the expression

pattern of transglutaminase-2 in 57
invasive ‘breast cancer biopsies and 62
ovar1an cancers ’I‘ransglutammase 2 has
arole i in cell growth and is also known to
kbe assoc1ated with cell ‘adhesion,

metastas1s and extracellular matrix
‘modulation. ujlncreased‘ protein expression
was seen in 84% of breast tumors and 58%

of ovarian tumors:. Ortiz -Rev et al. (42) .

have 1nvest1gated the frequency and
pattern of expression of CD10 and renal
“cell carcinoma (RCC) marker in 40 clear
Vcell renal cell carcinomas usmg two tissue
arrays prepared from parafﬁn blocks
They suggested that CD10 and RCC were
often expressed by clear cell renal cell
carcinomas and they may be useful
markers to suggest the renal orlgm of
carcmomas ~

Conclusmns

Recent technolog1cal advances in
~genom1cs and proteomics

clinical

could
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revolutionize the way of doing research
in medicine by providing researchers with
a formidable high-throughput laboratory
toolto study gene and protein expression
profiles and functions in health and
disease. New diagnostics and therapeutics
biomarkers will also be discovered using
methods that 'prov'ide global" views of
cellular function. The greatest potential
in the care of cancer patients could lie in

the personahzatmn of d1agnos1s and
‘treatment ‘which could be possible using -

molecular proﬁhng that prov1des the

global gene/proteln 1nformat1on Desplte '

the promlse demonstrated with molecular
profiling, several barrlers must be
overcome prior to routine diagnostic
implementation for patient intervention.
One barrier is the cost of ,mlcro,array
technology for determining the molecular
profile of the tumor. This technology is
expensive and requires special handling
prO‘cedures‘. Efforts are underway to
reduce the-problems associated with
molecular profiling in order to bring this
technology from bench to bed81de Small
number of genes selected from a larger
expressmn data set can be tested for
clinical relevance In case of B cell

'lymphoma chmcally relevant outcomes

have been pred1cted usmg b1omarkers of

‘a set of 6-gene reverse transcrlptlon (RT) ‘

PCR that can be easﬂy standardlzed ina
| laboratory (43).  And
biotechnology compames are trying to

ucommerc1a11ze the array ch1ps for
k dlfferent cancers g
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