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ABSTRACT

There is an important need to find relevant biomarkers that show high
sensitivity and specificity for early diagnosis and prognosis of many can-
cers. To day, immunoproteomicsisarelatively new concept in thefield of
proteomics and an increasingly powerful technology in the hunt for new
and novel diagnostic and prognostic biomarkers. For cancer diagnostic, it
isimportant that circulating autoantibodies reflect a molecular imprint of
those antigens (low abundance) that are specifically related to tumor. Iden-
tification of tumor-associated antigens and their cognate autoantibodiesis
apromising strategy for thediscovery of relevant biomarkers. Importantly,
serafromtumor patients contain tumor specific antibodies directly against
antigenic proteins. Also, autoantibodies are highly stable compared to
many other serum proteins, they seem ideal to be implemented in clinical
diagnostic assays for the detection of antigen-associated diseases. To
facilitate autoantibody discovery, approaches that allow the simultaneous
identification of multiple autoantibodiesare preferred. During the past few
years, proteomic approaches, including SEREX and SERPA, have been the
dominant strategies used to identify tumor-associated antigens and their
cognate autoantibodies. In this review, we will outline the advances appli-
cations of immunoproteomics for the discovery and analysis of clinically
relevant protein targets and discuss their meritsin clinical applications of
the most common cancers. © 2011 Trade Sciencelnc. - INDIA

2| aboratoirede Génétique, d’Immunologie et de Pathologies Humaines, Faculté des Sciences de Tunis, (TUNISIA)
“Both authorscontributed equally tothestudy

KEYWORDS

Autoantibodies;
Biomarkers;
Cancer;
Serum;
Tumor-associated antigens.

INTRODUCTION

Cancer isthe second | eading cause of death world-
wide. In 2002, there werereportedly 11 million new
cases of cancer and 7 million cancer-related deaths,
leaving approximately 25 million people alive with can-
cerld, Despitethe availability of protein productsthat
could serve as cancer biomarkers, itiswidely recog-
nized that their combined usewiththeavailableclinica

informationisdtill insufficient for early cancer diagnosis
andfor guidingindividudized therapeuticinterventions
and predicting outcomes. Thereremainsaneed for the
development of innovative diagnostic and prognostic
toolsthat effectively exploit biomarkersfor the man-
agement of human cancers. Autoantibodiesagainst au-
tologouscdlular proteinscalled tumor-associated anti-
gens (TAAS) have generated increasing interest as
biomarkert?, These autoantibodies may be employed
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aspotentia prognostic and diagnostic markersaswell
astherapeutic targetsfor thetreatment of patientsand
can offer anovel technol ogy for cancer detection'@.

Actually, autoantibodies have opened the door to
the possibility that these proteins could be exploited
asserological toolsfor the early diagnosisand man-
agement of cancer®4., Proteomi cs approaches open
new horizonsin many research areasof life sciences.
Thisisparticularly truefor work inthefield of medi-
cine, inwhich clinical proteomicsresearch may accel-
eratethediscovery of protein disease markers useful
for clinical diagnoses. Improvementsin thetechnol-
ogy of two-dimensional el ectrophoresis(2-DE) andy-
sis and mass spectrometry (MS) have made
proteomicsasuitable, valuable and powerful tool for
studying human diseasesin termsof the characteriza-
tion of proteinsinvolved intheinitiation, maintenance
and progression of tumor disease’>7.

Presently thereisagrowing enthusiasmfor apply-
ing proteomic approachesto theidentification of serum
biomarkersfor the early diagnosis of cancer and for
monitoring tumor progression. These approachesin-
cludedirect profiling of human sera, using2-DE/ MS
to identify distinctive protein signaturescharacteristic
of different tumor types, and theexploitation of the se-
rum autoantibody repertoirefrom cancer patientsfor
theidentification of the TAA panel§34. | dentification of
tumor antigensdiditingimmuneresponsemay havetility
in cancer screening, diagnosisand immunotherapyt.
Nowadays, immunoproteomics, which definesthe pro-
teinsinvolvedintheimmuneresponse, especidly in hu-
mora response, holds considerable promisefor thedis-
covery of serological markersintumor. Thisapproach
could not only identify tumor-associated antigenselicit-
ingimmuneresponse, but also detect isoformsand post-
trand ationa modificationsof theseantigens/proteing?.
Several termshave been proposed for this approach,
such as SERPA (serological proteomeanaysis) and
SEREX (serologica analysisof tumor antigensby re-
combinant cDNA expression cloning)®48. All of these
approachesareimplicated to theidentification of the
cognateantigensthat elicit humorad immuneresponsein
patients by proteomi cstechnol ogy. Inthisreview, we
given anoverview will outlinethe advances applica-
tionsof immunoproteomicsapproachesfor the discov-
ery of clinically relevant protein biomarkers. Further-
more, the definition and the clinical utility of the
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immunoproteomi cs based assaysof different gpproach
(SEREX and SERPA), which dlow s multaneousiden-
tification of multipleautoantibodies. Herein, wereviewed
the autoantibodiesfound inthemost common cancers
and lastly, wediscussed their meritsin clinical applica
tionsof many cancers.

IMMUNE SYSTEM ANDAUTOANTIBODIES
PRODUCTION

Inthe 1960s, Robert W. Baldwin, who wasapio-
neer in theimmune system and demonstrate that this
system could react to adevel oping tumort®. Theim-
mune response iscomposed of simultaneouscellular
and humoral responses. Althoughlittleisknown about
theoriginof thisimmuneresponse, itisnow largely es-
tablished that cancer patients produce autoantibodies
to mutated tumor proteins, truncated, misfolded, or
over-expressed proteins and proteins that are
ectopically expressedi®4. Thus, identification of anti-
genic proteins and their associated antibodies appears
to beagood strategy for the discovery of new tumor
biomarkers. Inredity, immune system protectsorgan-
ismsfrominfectionwith three subsequent layersof de-
fence (i) physica barriersthat prevent pathogensfrom
entering the body, (ii) theinnateimmune system that
providesan immediate, but nonspecific responseand
(iii) the adaptiveimmune system that can adapt itsre-
sponseduring aninfection toimproveitsrecognition of
thepathogen. Thelatter reponseisretainedintheform
of animmunologica memory, and alowsthe adaptive
immune system to react faster and stronger when a
pathogen entersthe organism for asecond time. The
adaptiveimmunesystem can bedividedinaT cell me-
diated cellular component, and aB cell-mediated hu-
mora component. T cellswill recogniseantigensonly
when these are presented in aprocessed form by the
MHC of infected (or cancerous) cells. Killer T cells
cantraceand directly kill infected host cellsby the se-
cretion of cytotoxinsthat form poresinthe membrane
of the affected cells. Helper T cells control the
mobilisation of other cells, such asmacrophages, to
confinethe source of infected or malignant cellS'?. In
contrastto T cells, B cellscan recognise ‘protrudes’
directly with their surface-associ ated antibodies, which
can bind to aspecific antigen without the need of anti-
gen processing. Importantly, each B cdll isprogrammed
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to make one specific antibody!*?. Thus, the complete
set of B cell antigen receptorsrepresentsthefull hu-
moral potentia of agiven organism. After binding, the
antigen/antibody complex isinternalised by the B cell

and processed into peptides. Theseantigenic peptides
will bedisplayed on MHC mol ecul esto mobilisematch-
inghelper T cells, whichinreturnrel ease cytokinesthat
activate this specific B cd ™. Consequently, the acti-
vated B cell beginsto divide and its progeny secretes
millionsof copiesof theantibody that recognisesthis
particular antigen. Next, these antibodies can bind to
pathogens expressing thisantigen and mark them for
destruction. Antibodieshavelong been used for thedi-
agnosis and classification of autoimmune diseases.

Autoantigens represent the fraction of the tissue
proteomethat istargeted by aberrantimmuneresponses
inautoimmunity, and multiplex analysisof autoantibody
responses against spectraof candidate antigensrepre-
sentsapowerful screening tool to delineste biomarker
signaturesin autoimmunity and in tumor pathology. In
fact, autoimmune di seases compriseawidevariety of
systemicor organ-specificinflammatory diseases, char-
acterized by aberrant activation of immunecellstotar-
get sdif tissues. Autoimmunity arisesfrom complex in-
teractionsof genetic and environmenta factors, andthere
issubstantid heterogeneity inthedinica manifestations,
disease courses and outcomes among patients. Theeti-
ology and pathogenesi sof autoimmunity remain poorly
understood. Autoimmune diseasesare manifested by a
immunological attack against self molecules
(autoantigens) that aremistaken by theimmune systemas
nonself. Alterationsin genesthat control pathwaysregu-
lating self tolerance are critical inthe pathogenesi s of
these diseases.

THEMAJOR GOAL: EARLY CANCER
DETECTION

Theultimate utility of autoantibodiesliesin early
cancer detection. Many of thewell-known available
tumor-associated biomarkers, such ascarcinoembryonic
antigen (CEA) for colon cancer, CA-15-3 for breast
cancer, cancer antigen CA19-9for gastrointestind can-
cer and CA-125 for ovarian cancer, lack sufficient speci-
ficity and sengitivity for usein early cancer diagnosis.
Theimmuneresponseto TAAsoccursat an early stage
during tumorigenesis, asillustrated by the detection of

hightitersof autoantibodiesin patientswith early stage
cancer. Theimmuneresponseto TAAshasalso been
shown to correlate with the progression of malignant
transformation®#2, Thus, the production of autoanti-
bodies can be detected before any other biomarkers,
rendering such autoantibodies indispensable as
biomarkersfor early cancer detection™. In addition,
autoantibodies possess various characteristicsthat en-
ablethemto bevauableearly cancer biomarkers. First,
autoantibodies can be detected in the asymptomatic
stage of cancer, and in some cases, may be detectable
asearly as5 yearsbeforethe onset of diseasd®¥. Sec-
ond, autoantibodiesagainst TAAsarefoundinthesera
of cancer patientswherethey are easily accessibleto
screening. Third, autoantibodiesareinherently stable
and persistinthe serum for arelatively long period of
time because they are generally not subjected to the
types of proteolysisobserved in other polypeptides.
Thepersistenceand stability of theautoantibodiesgive
them an advantage over other biomarkers. Moreover,
the autoantibodies are present in considerably higher
concentrationsand they are amplified by theimmune
system in responseto asingleautoantigen. Identifica-
tion of such autoantibodiesisof great interest asearly
detection of cancers may enhancetreatment options,
thereby increasing survival ratesand providing for bet-
ter disease management. Although serum biomarkers
have great potential as effective screening tools, most
of thosecurrently availablearefar fromided, and more
researchisneeded in thisareato develop and validate
biomarkersfor early detection or to develop panelsof
similar biomarkers. Moreover, thevariety of reagents
and techniques available for antibody detection, in
proteomics approaches, facilitatesthe devel opment of
assaysfor these autoantibodies.

PROTEOMICSAPPROACHES

The proteomeproject, initiated in 1995, was made
possibleby 2-DE combinedwithM S. Theproject main
objectivewasand remainstheidentification of al pro-
teinsexpressed by serum/plasma, cell, tissueor organ-
isminagiventimeand condition (Figure 1)1, Fol-
lowing thisobjective, theglobd profiling of proteinsin
hedth versus pathol ogica stateby the2-DE/M S-based
proteomic gpproach has contributed to the elucidation
of thebasic mechanismsof diseaseby discovering can-
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didate disease biomarkers and diseasetargetsfor new
drug development. Nowadays, 2-DE and mass spec-
trometry anadysisisthebasic strategy in proteomicstech-
nology (Figure1). 2-DE isakey technology whichis
used to separate very complex protein mixtureswith
extremely different physicochemical propertiesand
abundancesaccording to charge and mol ecular weight.
Although themain advantage of 2-DE technology isits
capacity to provideaglobal view of asample proteome
at agiventime by resolving hundredsto thousands of
proteinssimultaneously on asingle gel®419, Also, 2-
DE hasledto great improvementsin termsof itsrepro-
ducibility and sampleloading capacity attributableto
the devel opment of immobilized pH gradientsstripsin
recent years. 2-DE iswiddy gpplied in proteomicsstudy
duetoitspowerful ability to separate more than one
thousand proteinsat the sametimeand to show protein
post-trand ational modificationsdirectly. In earlier pe-
riod, 2-DE/ Western blottingisausua analysisapproach
in proteomics combined with antibody-based antigen
identification. Thisapproach employs2-DE to sepa
ratecdlular proteinsfromtissueor cell lines. The sepa
rated proteins are then transferred onto membranes
which were subsequent immunodetection of relevant
antigensamong thesevera thousandindividua proteins
separated by 2-DE. Usudly, serafrom patientsare used
astheprimary antibody for Western blotting analysis
and are screened individualy for antibodi esthat react
against separated proteins. Enzyme-conjugated anti-
human IgG antibody isused as secondary antibody!“.
Inredlity, thevisual image of theblots (protein pattern
on a2-DE gel) must be captured in adigital format
before computer-based imageanalysis. The objective
of computerized 2-DE imageandysisistoidentify pro-
tein spotsthat haveincreased or decreasedinsizeand
intensity, by comparison with control gels. Thecritical
parameter in computer-based imageandysisisthequa-
ity of theimages. Good qudlity requireshigh quaity and
reproducible 2-DE gelsand a so high quality acquisi-
tion of theimagewithimage capturing devices.

After comparing blotswith serafrom the patients
to that with serafromnorma individuals, positive pro-
tein spotsarecut out, from thegels, digested, usually
with trypsin, and the resulting mixture of peptidesis
introduced into amass spectrometer for proteiniden-
tification. The most common systemsfor doing this
areMALDITOF MSand ESI-M Stoidentify thepro-
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teins, which may be used as potential markers of a
particular disease (Figure 1). The compatibility of 2-
DE with Western bl otting detection is advantageous
and represents the basis for the combination of
proteome andysi sand antibody-based antigen identi-
fication. However, denaturing conditions can causea
potential lossof conformational epitopes asrecently
demonstrated. It showsthat several antibodiesfailed
inrecognizing their respective antigenson 2-DE gel-
derived blots, although these antibodies recognized
their specific antigens on bl ots generated from con-
ventional SDS-PAGE gels“.

IMMUNOPROTEOMICSMETHODSFOR
IDENTIFYINGTUMORAUTOANTIBODIES

Serological screening methods have been used
extensvely toidentify autoantigensin cancer®*8., With
advancesin the development of technologiesfor au-
toantibody identification, several high-throughput
methodsavail ablefor uncovering autoantibodieshave
becomeincreasingly well defined. Immunoproteomics
have beenimplemented to define antigenseliciting hu-
moral responsesin cancer patients. Thismethod al-
lowstheindividual screening of alarge number of
patient’s sera, the determination of the occurrence of
relevant autoantigensdicitingahumord response, the
distinction of isoformsand the detection of autoanti-
bodies directly against post-transl ational modifica-
tions of specific targets. This suggests that
immunoproteomics are val uable alternativesfor the
identification of tumor-associated antigens. So far,
thisexperimental approach has been applied to vari-
ousdifferent types of cancerd?49119, For morethan
two decades, nhumerous groups made use of the
SEREX (serological profiling of tumor antigens or
Immunomics approach) technol ogy where recombi-
nant expression libraries are screened with cancer
patient sera. In order to represent more closely the
natural sources of immune responses in cancer pa-
tients, including protein modifications, the proteome
of cellsor tumors has been used asthe antigen source
for autoantibody profiling. This approach called
SERPA (serological proteome analysis or
PROTEOMEX), involves performing 2-DE-West-
ern blotson cellsor tumor lysates using untreated
human cancer seraasthe source of antibody.
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SEREX: SEROLOGICALANALYS SOF
TUMORANTIGENSBY RECOMBINANT
CDNA EXPRESSION CLONING

Serologica anaysisof tumor antigens by recom-
binant cDNA expression cloning (SEREX) wasfirst
developedin 1995 and led to theidentification of a
large group of autoantigens in cancer patients’
serd'”, Thisemerging areaof research, termed ““can-
cer immunomics,” allows a global analysis of the au-
toantibodies produced by neoplasms against their
antigens. Many autoanti gens have been cloned with
recognition of antibodiesin patient’s sera; however,
effortsto predict malignant disease based on autoim-
munity toindividua antigenshavethusfar beenlargely
unsuccessful. Although in aggregate these studies
strongly suggest that autoantibodies have potential
as biomarkers, thusfar they have not resulted in se-
rologica markerswith definitive predictiveability for
cancer intheclinical arena, and none have been se-
lected for cancer diagnosis. SEREX involvestheiden-
tification of TAAsby screening patient seraagainst a
cDNA expression library obtained from the autol o-
gous tumor tissues®. In the SEREX approach, a
cDNA library constructed from fresh tumor speci-
men is expressed recombinantly, and the recombi-
nant proteinstransferred onto membranes areiden-
tified as tumor-associated antigens by their reactiv-
ity with 1gG antibodies present in the patient’s se-
rum. Thismethodol ogy allowed identification of sev-
eral antigens. By using SEREX, Sahin et al.[!"]
showed that CTAs elicited ahumoral responsein
cancer patients. Subsequently, alarge number of
TAAs associated with numerous cancer types have
been identified using thismethod*1. M ore than 2000
of these autoantigens are documented in apublic ac-
cessonline database known asthe Cancer Immunome
Database (CID) http://ludwig-sun5.unil.ch/
CancerlmmunomeDB[1819, The application of
SEREX hasfacilitated theidentification of TAAsas
potential cancer biomarkersin varioustypesof can-
cer202 The panel of SEREX-defined immunogenic
tumor antigensinclude CTAs(NY-ESO-1, MAGE),
mutationa antigens(likep53), differentiation antigens
(liketyrosinase, SOX2, ZIC2) and embryonic pro-
teins. Although many of these TAAsare potential se-
rological biomarkers.

SERPA: SEROLOGICAL PROTEOME
ANALYSIS

Anacther commonly used techniqueistheproteomics
based approach termed SERPA“. It involvesthedis-
covery of TAAsusing acombination of 2-D e ectro-
phoresis, western blottingand M S (Figure2). Proteins
from tumor tissuesor cell linesareextracted and sepa-
rated by 2-D electrophoresis, transferred onto mem-
branesby e ectrobl otting and subsequently probed with
serafromhealthy individua sor patientswith cancer!®.
The respectiveimmunoreactive profilesare compared
and the cancer-associated antigenic spots areidenti-
fiedby M S. 2-D dectrophoresisisindisputably theclas-
sica techniquefor proteomeanayss. Proteinsarefirst
separated accordingto their isodl ectric pointsand then
accordingto their molecular weights¥. Despite some
limitations, 2D el ectrophoresisistill thebest method
for the high-resol ution separation of acomplex mixture
of proteins, and its efficacy in distinguishing post-
trandaionaly modified proteinsand proteinisoformsis
unparalleled. Consequently, when coupled with west-
ernblotting for serologica screening, autoantibodiescan
be used to detect TAAS that have undergone post-
trand ationa modifications. Most of these antigenscan
be subsequently identified withtheaid of M S.

CANCER-ASSOCIATEDAUTOANTIBODIES

Thehunt for relevant autoantibodies hasintensi-
fiedin recent years, asevidenced by asearch for ‘au-
toantibodies, proteomics approachesand cancer’ on
PubM ed. Autoantibodies and TAAshave been found
many cancerssuch asHCC, and in lung, colorectal,
breast, stomach, prostate and pancreatic cancers. The
growing list of TAAsidentified in cancersinclude
oncoproteins, tumor suppressor proteins, surviva pro-
teins, cell cycleregulatory proteins, mitosis-associ-
ated proteins, mMRNA-binding proteins, and differen-
tiation and CTA 348, Thefollowing section shall dis-
cusstheidentification of autoantibodiesin the most
Magj or cancers.

BREAST CANCER

Breast cancer isamajor health problem and one of
theleading causes of death among women worldwide.
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Itsincidenceissteadily risng indevel oping countries.
InTunisia, theincidence of breast cancer isapproxi-
mately 19 new cases per 100,000women per year'?4,
Invasive carcinomas represent 70-80% of all breast
cancer and among these, infiltrating ductal carcinomas
(IDCA) arethemost aggressiveformsand haveapoor
prognosis. Up to now, poor diagnosisof breast cancer
isduein great part to alack of specific biomarkers of
thisdisease. A novel oncogenic protein that regul ates
RNA-proteininteraction (designated RS/DJ-1) hasbeen
identified in breast cancer by immunoproteomics ap-
proaches®. A large number of studieshave suggested
animportant associ ation between cancer and autoim-
munity, clearly indicating that vari oustypesof human
cancer can trigger animmunereaction to tumor-asso-
ciated antigens. By SEREX which represent amajor
advancement inimmunoscreening that resulted inthe
identification of awidearray tumor-associated antigens
eliciting B-cell responsesin breast and other cancer
patients against ahost of tumor antigens, among others,
NY-ESO-1 and SSX2, two cancer-testis antigens,
ING1, atumor suppressor, fibulin-1, abreast cancer-
related glycoprotein, MAGE-3 and MAGE-6, aswdll
as the novel gene products NY-BR-62 and NY-BR
85, thelatter two found to be overexpressed in breast
cancer!®21, A novel breast cancer antigen, NY-BR-1
wasfound to be expressed only intestisand breast?7.
Minenkovaet al.'*® d so attempted to improve the po-
tency of the SEREX approach by combining it with
phage display technology using lambdaphageasadis-
play vector?®, They identified several breast cancer-
assodi ated antigensinc uding topoi somerase-11-betaand
topoi somerase |-binding protei N, Fernandez Madrid
et a.B% haveidentified apane of breast cancer-asso-
ciated autoantigens™®!. Several autoantigensincluding
annexin X1-A, the p80 subunit of the Ku antigen, the
ribosomal protein S6, and other known and unknown
autoantigens could significantly discriminate between
breast cancer and non-cancer control sera?2, Sev-
eral autoantigensidentified by serum antibodieshave
been found to be expressed in breast tumor tissueand
their therapeutic potential is presently being explored.
Also, we should mention that the avail ability of sero-
logicaly defined tumor antigensin breast and other can-
cersusing SEREX hasfacilitated theidentification of
proteinsrecognized by tumor-specific T lymphocytes
and hasstimulated theinterest invaccinesrategies. The
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use of theimmunoproteomic approach SEREX ledto
theidentification of anumber of breast cancer-associ-
ated autoantigens recognized by cancer patient sera,
expressed in tumor tissue and recognized by cellular
effectors of theimmune system which arepotentially
relevant for immunotherapy approaches.

Using SERPA methodol ogy, Bechr et d [ have de-
tected twenty Sx immunoreactive proteinsagains which
serafrom newly diagnosed patientswithinfiltrating duc-
tal carcinomasexhibited reectivity. These proteinsspots
weretargeted by mass pectrometry. Based ontheir func-
tions, theidentified proteins can be categorized into dif-
ferent categories, including anti-oxidative proteins
(peroxiredoxin-2, protein disulfideisomerase (PDI) and
Mn-SOD), chaperoning proteins (HSP60) whoserate
of synthesisincreasesmany fold inresponseto environ-
mentd stressand during malignant transformation and
dphaBcrygdlin, tumor suppressor proteins(prohibitin),
proteinsrelated to cell structure (cytokeratins8, 18, F-
actin and g-tubulin), metabolic enzymes (ornithineami-
notransferase, enoyl-CoA hydratase), aswell as, pro-
teinsinvolvedincdl sgndling (heterogeneousnucl ear ri-
bonucleoproteinsH, A2B1 and K)“.

Among theseantigens, peroxiredoxin-2 (Prx-2) be-
longsto afamily of thiol-specific antioxidant proteins
and may haveanimportant roleand protect the breast
tumor cellsagainst oxidativeinjury and modulate cell
proliferation and gpoptosisof maignant cdlls3l. HSP60
and aphaB-crystalin aretwo other immunoréactive
proteinsmost commonly observed in the breast cancer
cells(MCF-7). Themolecular chaperone HSP60isin-
volvedin proteinfolding, aswell as, in activation of
integrin whichisamajor contributing factor in breast
cancer progression and metastasig*3. Recently, it has
been reported that increased expression of HSP60in
breast tumors may have aprognostic valuesinceit cor-
relateswith the presence of lymph node metastasi§=.
Prohibitinisanother antigenthat wasrecognizedinbreast
cancer cell. Thisproteinisinvolvedin cell cyclecon-
trol, differentiation and in suppression of tumor pro-
gression. Inaddition, studieshave shownthat prohibitin
interactswith cell cycleregulatory proteinsand modu-
lates Rb/E2F, aswell as, p53 regulatory pathway s,

ESOPHAGEAL CANCER

Esophageal squamouscell carcinoma(SCC) rep-
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resents one of the most malignant tumors. The poor
prognosisof thistumor isattributed largely toadday in
diagnosis. Several tumor markers have been used for
thediagnosisof esophageal SCC. A previousapplica-
tion of the SEREX method to esophageal cancer re-
sulted intheidentification of NY-ESO-1, acancer-tes-
tisantigen expressed in various cancer cellsbut notin
normal tissues®!. SEREX anaysishasasoledtothe
isolation of several antigenswith known cancer rel at-
edness, including amutated version of the p53 tumor
suppressor protein, whilethe presence of antibodiesto
p53 in serum was associated with poor prognosisin
esophageal cancert®37, Thetumor suppressor p53, the
protein product of the p53 gene, isthemost extensively
studied cancer-associated B-cell antigen. It wasdis-
coveredin 1979 by two independent groups of investi-
gatord®. Mutationsin the p53 gene and amino acid
substitutionsinduced by it arefound in >=50% of pa-
tientswith malignant tumors. These mutations change
the conformationd structureof p53insuch away that it
losesthe ability to transactivate p53-dependent genes
concomitantly withinhibition of DNA repair and for-
mation of genetically unstable cellswitha“switched-
off” p53-induced apoptotic mechanism!®. For the
mgjority of maignant neoplasms, thedetection frequency
of classlgG anti-p53 antibodi esin appropriate cohorts
of patientsvariesfrom 15 to 20%, being maximal in
pati entswith many cancers. Therefore, pS3 represents
ahighly specific cancer-associated antigen. Two others
groups report autoanti bodi es against heat shock pro-
tein (HSP) 70 and peroxiredoxin (Prx) VI in esoph-
ageal squamous cdll carcinoma(ESCC)“#3, Concen-
trations of serumHSP70 autoantibody aresignificantly
higher for patientswith ESCC than for patientswith
gastric or colon cancer or hedthy individuas*. About
50% patients (15/30) with ESCC show autoanti body
reactivity against PrxV1, only 6.6% (2/30) hedthy indi-
viduasdid“Y.

COLON CANCER

Colorectal cancer (CRC) isthe second most preva
lent cancer inthewestern world. The devel opment of
this disease takes decades and involves multiple ge-
netic events. CRC remainsamajor cause of mortality
in devel oped countries because most of the patients
are diagnosed at advanced stages. By immuno-

proteomics studies, autoantibodiesagainst HSP60 and
inos ne monophosphate dehydrogenase-2 (IMPDH-2)
have beenidentified in colorectal carcinoma*?. Inad-
dition, diffuse and moderate-strong cytoplasmic and
membraneousimmunoreactivity for HSP60 hasbeen
observed in the colorectal carcinomatissue. Further-
more, antibody titersto HSPE0 aresignificantly higher
inthe serum from patientswith colorectal carcinoma
thanthat inthe healthy cases.

LUNG CANCER

Lung cancer isthe most common cancer and the
leading cause of cancer-related death worldwide. Sera
from 60% of patientswith lung carcinomahaveexhib-
ited autoantibodies reactivity against glycosylated
annexins| and/or 11. Annexin Il autoantibodiesarefound
only inlung cancer patients, whereasannexin | autoan-
tibodiesa so areobserved in afew patientswith other
cancers®l. Inthe sameway, other study demonstrate
that theprotein gene product 9.5(PGP9.5), also termed
ubiquitin COOHterminal esteraselL1, or UCHL1is
another tumor antigenidentified inlung cancert4.

PANCREATIC CANCER

Pancreatic cancer hasworst prognosis of al can-
cers, witha5-year survivd rate of <3%. The poor prog-
nosis for pancreatic cancer isdue, in part to lack of
effective biomarker useful for theearly detection. The
autoantibodiesdirected againg cdreticulinisoformshave
been found to occur in 58.3% of pancrestic cancer pa-
tients“*sl. DEAD-box protein 48 (DDX48) antibody
reactivity in seraoccurred in 33.3% pancrestic cancer
patientd“l. |n addition, some metabolic enzymesand
cytoskeletal proteinsare pecificaly reactivity with pan-
creatic ductal adenocarcinomaserd*”.

HEPATOCELLULAR CARCINOMA (HCC)

HCC hasapoor prognosis, with 5-year survival
ratesof lessthan 5%. Chronicinfectionswith hepatitis
B (HBV) and C (HCV) virusesaremajor risk factors
for HCC. The proteomic approach to theidentification
of tumor proteinsthat induce ahumoral responsein
patientswith HCC we have utilized hasidentified adi-
verseset of antigens, with substantia heterogeneity be-
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tween patients. Antigensthat have been showntoin-
duceahumoral responsein HCC include p53 and di-
verseother nucear proteing“. Autoantibodiesto cyclin
Blandtoanove cytoplasmic proteinwith RNA bind-
ing motifshavea so been reported“?. A SEREX study
of hepatocel lular carcinomahas uncovered reactivity
todiverseproteinsinvolvedinthetranscription/tranda-
tional machinery, aswell asto chaperone proteing>.
In other group’s study report autoantibodies against -
tubulin, creatinekinase-B, hsp60, and cytokeratin 18,
careticulin, cytokeratin 8, F -ATPsynthase f-subunit,
and NDPK A werelargely restricted to HCC patients.
Interestingly, theprotein F -ATPsynthase f-subunit was
reported previously to be antigenic in patients with
HCC®™, With immoproteomic approach we have uti-
lized has allowed identification of severa forms of
careticulinincluding Crt32, anovel truncated form, all
of which were recogni zed by autoantibodiesin seraof
patientswith HCC. The epitopesdiciting ahumoral
responsein patientswith autoimmunediseaseshavebeen
reported to be located in the N-terminal part of the
mol ecule, theepitopeseliciting ahumoral responsein
patientswith HCC in thisstudy arelocated in the C-
termind portion. Thissuggestsaspecific mechanism of
calreticulin processing during hepatocarcinogenesis.
Cdreticulinisacomponent of mgor histocompatibility
complex class| peptideloading complex, and it has
been reported recently that thisprotein elicitstumor-
and peptide-specific immunity™-%2, Calreticulinwas
reported to be abundant inthe nuclear matrix fraction
of hepatocdlular carcdinomalbut not innonmaignant liver
tissue™, We have shown that Crt32 was up-regul ated
in HCC tumor tissue as compared with the non-tumor
counterpart. Thisoverexpression of Crt32 may con-
tribute to the humoral response observed against
cdreticulinand Crt32inliver cancer patients.

RENAL CELL CARCINOMA

Renal cell carcinoma (RCC) represents the most
prevaent maignancy of the kidney and accounts for ap-
proximately 3% of all adult cancersin Western coun-
tried™. Histopathologically, RCCs are classified into
four subtypes. the most frequent clear cell, the chro-
mophobic, thechromophilic and the oncocytomic sub-
type. At present, most RCC patients have developed
metastatic diseaseexhibiting apoor 5-year surviva rate
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of lessthan 5%. RCC isconsidered an immunogenic
tumor and first used to identify tumor antigensby sero-
logica proteomeanaysis. A combination of 2-DE ex-
pression profiling of tumor cell lines or tissues and
immunoblotting with patient’s and control sera (SERPA
approach) might serveasapowerful tool for theiden-
tification of TAA. So far, this experimental approach
has been successfully implemented in RCC. Utilizing
SERPA approach, membersof the cytoskeleton and of
the heat shock protein family have been identified to
elicitahumord responsein RCC™, By comparing 2-
DE patterns of whole normal kidney epithelium
and RCC tissues, a number of polypeptides differen-
tially expressedin RCC have been detected™. These
include metabolic enzymes which are expressed in
normd kidney tissues, but absent in RCC lesions, such
as the ubiquinolcytochrome ¢ reductase and the
mitochondrial NADH-ubiquinone oxidoreductase
complex I, enzymes overexpressed in RCC, such as
the glutathione peroxidase and the manganese super-
oxidedismutase (Mn-SOD) or enzymes with diminished
expression in RCC like aldehyde dehydrogenase
1, aminoacylase-I, enoyl-CoA hydratase (ECHM) and
a-glycerol-3-phosphatase-dehydrogenase!®". Fur-
thermore, two others antigens have been identified,
smooth muscle protein 22-a (SM22-a) and carbonic
anhydrase I, Someimmunogens have been identi-
fiedin patientswith high-grade disease. Oneof them,
thymidine phosphorylase, ismarked up-regulated in
RCC and almost absence from most normal tissues,
indicating a potential use as a therapeutic target™.
Superoxide dismutases encoded by two apparently in-
dependently evolved genes, SOD1 and SOD2, with
shared cellular functions are potent scavengers of
superoxide radicals produced by oxidative
phosphorylation into O, and H,O, and appear to play
acentrd roleinthe defense against oxidative stress™.
Itsbiological activity isdependent on copper and zinc
(Cu?*, Zr?*) ionsand on homodimerformation. In con-
trast, thegene SOD2 coding for the mitochondrial vari-
ant SODM, depends on manganese (Mn?*) ionsand
actsasatetramer™. Overexpressedin RCC leading
to theformation of multimericformsnot detectablein
normal rena epithelium. Thus, superoxide dismutase
overexpression might beassociated with resistanceto
radiotherapy and chemotherapy and therefore may be
apotentia target for immunotherapies.
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NEUROBLASTOMA

Neuroblastomaisacommon childhood tumor. IgG
and IgM autoantibodies against neuroblastomaproteins
have been screened in patients seraby meansof 2-DE
bl otting®. Neuroblastoma patients seracontain IgG
and IgM antibodiesagainst b-tubulinisoforms. More-
over, neurobl astoma patients serathat reacted with b-
tubulinand 111 isoformsin neuroblastomatissuesdo not
react with b-tubulinand 11 isoformsfound in normal
braintissue.

HEADAND NECK CANCER

Immunoprecipitation followed by 2-DE isusedin
identification of novel targetsin head and neck carcino-
mas. Primary tumor cellsor permanent cell linesare
used as an antigen-pool . About thirty potential carci-
nomaantigensareidentified®Y, Cytokeratin 8, one of
theidentified antigens, reved ed itsdenovo expression
in hyperlastic tissue, gradual overexpressionwithin-
creasing malignancy, and ectopic localization onthecdll
surface. Moreover, astrong preval ence of CK 8-spe-
cific antibodies occursin the seraof cancer patients
dready at early disease stages. Another tumor antigens,
KIAA1273/TOB3, e-FABP, hnRNPH, and Grb2 are
strongly overexpressed in head and neck carcinomas,
ascompared to hedthy epithelium.

LEUKEMIA

Inchronicmyeloid leukemia, wehaveidentified Six
proteinsthat elicited ahumoral response. Alphaeno-
lase, ddolaseA, b-tubulin, HSP70 proteing, tropomyo-
sinisoformsin chronic myeloid leukemia®?. In acute
leukemiapatients, autoantibodiesagainst Rho GDPdis-
sociation inhibitor 2 (Rho GDI2) and other five pro-
teinsared so found with ahigh frequency®.

ABBREVIATIONS

CRC  colorecta cancer

DCIS  ductd carcinomainsitu
HBV  hepdtitisB virus

HCC  hepatocdlular carcinoma
HCV  hepaitisCvirus

HSP heat shock protein

PGP9.5
PTMs
SEREX

protein gene product 9.5

pogt-trand ationa modifications

serologica analysisof tumor antigensby re-
combinant cDNA expression cloning
serologicd proteomeanaysis

tumor-associ ated antigens

SERPA
TAAs

CONCLUSIONSAND PERSPECTIVES

With theintroduction of proteomics approaches,
2- DE, SERPA, SEREX approaches and M S have
been successfully used in alarge number of studiesin
many biologicd fieds. Immunoproteomicshasalowed
defining tumor-associated antigensthat eicit humoral
responseintumor patients. Theantigenic proteinsrec-
ogni zed by autoantibodiesin cancer serahave apoten-
tid clinica utility and may serveasnovel cancer mark-
ersinscreening, diagnosisor inprognoss. Thesetumor
autoanti bodiesidentified by immunoproteomics ap-
proachindifferent cancers could be empl oyed as po-
tentia prognostic and diagnostic biomarkers. So, larger
scal evalidation studies need to be carried out to con-
firmthereliability of theresults. Thisprocessismore
challenging than the discovery processfor severa rea
sons. Themost relied-on approach for validation re-
mainsthe sandwich enzyme-linked immunosorbent as-
say (ELISA), immunohistochemistry and Western blots
are often used. Moreover, statistical analysisisalso
desirable to estimate and to compare the predictive
sengitivity and specificity of the candidate biomarkers.
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