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ABSTRACT KEYWORDS

Tuberculosis(TB) remainsaglobal health problem and effective control of Tuberculosis;
TB is dependent on the availability of efficient vaccines and diagnostic Diagnosis;
tests. However, the above require the identification of highly specific anti- Vaccine,
gens of Mycobacterium tuberculosis (M.tb), that are safe enough to be Bioinformatics;
used in vivo and structurally stable for broad technical application. How- Epitope;
ever, the purified or recombinant antigens of M.tb are immunologically Peptides;
quite complex. The potential use of these reagents is also limited by the Antigens.

technical problems related to their production. HLA-promiscuous T-cell
multi-epitopic peptides (HLA-p.T-c.m-EP) are designed on the basis of the
prediction of sequences that bind to MHC molecules and their interaction
with T-cell receptors in stimulating the immune system. The gainin time,
cost and facile investigation provided by selection of such HLA-p.T-c.m-
EP using bioinformatics, makes possible the analysis of theimmunol ogical
aspect of a high number of M.tb gene products with the aim of better
understanding their involvement in immune host defense against M.tb.
Thisapproach could also provide arational basisfor the development of a
subunit vaccinefor TB. Furthermore, the ability of these epitopic peptides
to induce differential responses specifically to distinct stages of the dis-
ease might offer a relevant perspective for better diagnosis of TB. This
review describes the structural and functional characteristics of HLA-p.T-
¢.m-EP and emphasizestheir use as novel agentsfor development of diag-
nostics and vaccines. © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION curring each yeart¥, It isresponsible for more human

desthsthanany other Sngleinfectiousagent, representing

Tuberculosis(TB) remainsaglobd hedthproblem  26% of all preventable deathsand 7% of all deaths'Yl.
with one-third of theworld’s population being latently  Effectivecontrol and futureeradication of TB isdepen-
infected with Mycobacterium tuberculosis(M.tb) and  dent upontheavailahility of efficient vaccinesand diag-
gpproximately ninemillion casesof activediseaseoc-  nostic tests. However, thisnecessitatestheidentifica-
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tion of highly specific antigensof M.tbthat are: (i) ca-
pable of inducing adetectableand functional response
of thehost immune system, (ii) safeenough to be used
invivoand (iii) structurally stablefor broad technical
application. Inthiscontext, recent findingsinthedo-
mainsof the genomicsof M.tb and of human immuno-
geneticsaswell asthe development of biocinformatic
toolshave madeway for thedesign of HLA-p T-c m-
EP derived from M.tb antigens. The successful use of
these antigenic productsin somerecent studies pre-
dicts promising perspectivesfor their exploitation as
biomarkers and targets for new diagnostic testsand
vaccinesagainst TB. The present articlewill review
some of these aspects.

| nteraction between M .tuberculosisand thehost
1. M.tband host cédlls: virulencefactors

M.tb hasevolvedto avoid killing by theinnate and
the adaptive mechanisms of immune response by in-
ducing chronicimmunopathol ogy. Thelater beginswith
the accumul ation of macrophages at sitesof bacteria
multiplicationtoform compact granulomasthat contain
the pathogen®. A key aspect of granulomaformationis
the development of fibrosiswithin thegranulomaandin
surrounding parenchyma, which produces macroscopic
nodules (tubercles). In adults, the disease advancesas
anecroti zing pneumonic processthat caninvolvebron-
chiolesand resultsin the spread of infection to other
areasof thelungg™.

The ability of mycobacteriato survivewithin mac-
rophagesisthemain strategy devel oped to circumvent
themajor killing mechanisms employed by macroph-
ages and takes advantage of the encl osed environment
withinitshost cell to avoid the antibody and comple-
ment mediated humoral immuneresponse. Infact, my-
cobacterianot only havetheahility to adapt toachanging
host environment!®, but also actively interferewith the
sgnaing machinery withinthehost cell to counteract or
inhibit partsof thekilling apparatus employed by the
macrophage78910,

Thecritical point remainstheidentification of my-
cobacterial antigens selectively expressed by virulent
mycobacteriaand, in particular, those expressed dur-
ing different steps of theinfectious phases and patho-
genesis.

2. Host response to natural infection by
M .tuberculosis: correlateof protection

e ReV/ew

Mycobacteriaprimarily infect host macrophages,
which representsthefirgt lineof cdllular defenseagainst
microbial invasion. Thefirst step inthe encounter be-
tween the human host immune system and mycobacte-
riaisthebinding and uptake of pathogensby dendritic
cellsand macrophagesviainnate pattern recognition
receptors (someof toll-likereceptors, DC-SIGN and
mannosereceptors). Infact, activation of such recep-
torsinducestheearly production of Interleukin-12 (IL-
12) and tumor necrosisfactor-o. (TNF-o.) from spe-
cific phagocyte-subsetsl. IL-12 then provokesthe
production of interferon-y (IFN-y) from natural killer
(NK) cellg1213141518] Thys, thelatter playsakey role
intheactivation, differentiation and expansion of anti-
gen specific T helper-1 cells, inthe early phase of the
immuneresponse. During theadaptiveimmuneresponse,
T helper-1 cells are the mgjor source of IFN-y that
activates, in synergy with TNF-a., infected macroph-
ages, thereby initiating amajor effector mechanism of
the cell-mediated immuneresponseto control infec-
tionswith mycobacteria. Thismechanismisaso neces-
sary to control the chronic phase of infection*l. In-
deed, an effective cdl-mediated immuneresponse pro-
tectsthehost against adisseminatinginfection by con-
taining mycobecterialocaly ingdewell-organized granu-
lomatous|esiong?”1819,

Ingeneral, infection by M.tbisinitially controlled
by host defenses, and theinfection remainslatent. How-
ever, latent TB infection (LTBI) hasthe potential to
developinto active TB (ATB) within 1-2 yearsin about
5% of infected cases and another 5% can devel op ac-
tivediseaseat any timeduringtheir life.

Diagnosisof tuberculosis

Because active TB isinfectious and leads to the
spread of M.th, despiteavailabl e efficacioustreatment,
therapid diagnosisof ATB and LTBI isthe most im-
portant component of TB control programs.

Thegold standard for diagnosisof TB isthedem-
onstration of the presence of mycobacteriain various
body fluids. However, the sengitivity and the specificity
of thetwo standard microbiological testsfor the diag-
nosisof TB, i.e. theacidfast bacilli (AFB) stainand the
culturetechniques, arenot satisfactory; corresponding
to 20% and 80% for AFB and 60% and 99% for cul-
ture, respectively for sensitivity and specificity. Inthis
scenario, diagnosisisoften based onclinica sgnsand
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symptoms, X ray chest radiograph, tuberculintesting
and history of contact with adult patients. However,
thisleadstheunder-diagnosisof TB.

Ontheother hand, significant improvement inthe
understanding of themolecular biology of M.th obtained
from the sequencing of itsgenome, hasled to devel op-
ment of new diagnostic techniquesfor TB. Infact, be-
cause of theability to detect even asingle copy of M.tb,
nucle cacidamplificationtests(NAAT) and their modi-
fications, have been wel comed asarevol utionary diag-
nostic tool, capabl e of reducing thetimeto diagnosis
from weeks to hours of patientswith suspected TB.
Consequently they are being adopted in clinica prac-
tice?. Neverthel ess, astatement from theU.S. Cen-
tersfor Disease Control (CDC)?indicatesthat com-
mercial NAAT should be used in addition to micros-
copy astestsin pardld toimprovediagnostic certainty,
pending culture results and/or patient’s response to
therapy. In addition, the CDC recommendations are
limitedtothetwo U.S. Food and Drug Administration-
approved commercid NAAT, Furthermore, the CDC
strongly advisesphysicianstorely uponclinica evaua
tionintheinterpretation of the NAAT laboratory datd?.

Ontheother hand, immunediagnosisistill avau-
ableway of detecting M.tb infection and TB disease.
Infact, the hostimmuneresponseto M.tbinfectionis
an early reaction that can beinduced and detected via
peripherd immune pathways. Thus, theimmunol ogica
approach could offer reagentsfor specific diagnosisof
ATB and LTBI. Theimmunetest commonly used for
theeval uation of theimmuneresponseagainst M.tbis
the Mantoux or tuberculin skintest, which consistsin
the measurement of the delayed type hypersengtivity
(DHT) tothepurified protein derivative (PPD). How-
ever, it represents the only medical tool used for the
diagnosisof both ATB and LTBI and has significant
limitations. Infact, the PPD used for thetuberculinskin
test isan antigen-complex prepared from acrude pre-
cipitate of afiltered M.tb culture contai ning more than
200 antigens, most of which arewidely shared among
M.tb, and the M.bovisBacillus Camette Guerin (BCG)
vaccine strain and other environmenta mycobacteria
Thus, apositive PPD test may not distinguish between
activedisease, vaccination and exposure of healthy in-
dividualsto M.tb, environmenta mycobacteriaor other
mycobacterial species. Further, in patientswithATB,
thetuberculinskintest is75%-90% sengitive, but among

thosewith disseminated disease, thissensitivity fdlsto
50%, and iseven lower in human immunodefeciency
virus(HIV) positive patientswith only mild degrees of
Immunosuppression.

Moreover, PPD isacrude preparation and itsanti-
genic componentsare not standardized. The commer-
cidly available PPDsfrom different sourcesmay vary
intheantigenic content and thereforeresult in differ-
encesinthe skintest response.

Nevertheless, asuccessful dternative hasbeen pro-
vided by newly developed invitrodiagnosticblood tests.
Infact the ability of M.tb of evoking astrong type-1
immuneresponse, hencealowing therapid detection
of M.tb-specific IFNy producing T-cells, has been ex-
ploited inthedesign of diagnostictestsfor latent M.tb
infections. In fact, since 2001, a new test (Quanti
FERON-TB) that measures the release of IFN-y in
wholeblood in responseto stimulation by PPD was
approved by theU.S. FDA, Theuse of thistest was
comparablewith thetuberculin skintest (TST) inits
ability to detect LTBI. Advancesintheareaof genomics
haveled to theidentification of antigens such asthe
early secreted antigenic target 6 protein (ESAT-6) and
culturefiltrate protein 10 (CFP-10). These proteins,
encoded withintheregion of difference 1 (RD1) of the
M.tb genome, are significantly more specificto M.tb
than PPD, asthey are not shared with BCG substrains
or most environmenta mycobacteria(withtheexception
of M.kansasii, M.szulgai, M.flavescens, M.marinum)
88 Current evidence suggests that IFN-y based as-
saysusing cocktailsof RD1 antigens, havethepotentia
to becomeuseful diagnostictoolsinclinical and public-
health settings. Infact, peripheral blood mononuclear
Cdls(PBMC) of patientswith TB and of household
contacts of TB patientsrel ease IFN-y when exposed
invitroto ESAT-6 and CFP-10 intact proteins, and to
overlapping pepti des spanning thelength of these anti-
gens. Thesestudiesresulted in the devel opment of two
commercidly availabletests (QuantiFERON-TB Gold-
CdlestisLimited, Carnagie, Victoria, Australiaand T
SPOT-TB, Oxford Immunotec, Oxford, UK) approved
for TB infection diagnosis»%%%1, Both testsare based
on ESAT-6 and CFP-10 proteins and/or those over-
lgpping peptides, and employ ELISA and ELISpot tech-
niques, respectively. By distinguishing BCG vaccina
tion and exposure to non-tubercul ous mycobacteria
withinboth HIV negativeand HIV positiveindividuas,
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these tests represent a successful alternativeto PPD
testsfor the screening of LTBI in healthy individuals.
Neverthel ess, athough these commercial assayspro-
vide an accurate diagnosisof M.tb infections, they do
not discriminate between ATB and LTBI. However, this
distinctionisrequiredfor better globa control of TBin
subjectsfrom countrieswith high rates of exposureto
M.th5229 Further, the potential impact of thesetests
in practiceremainsto be confirmedinlarge, well-de-
signedtria sand long-term follow-up studies. Withre-
spect to assay methods, future research should attempt
to enhancethe sensitivity of RD1-based IFN-y assays,
without compromising thespecificity. Current evidence
suggeststhat the addition of more specificantigensand
use of them in combination may be effective.

Anti-tuber culousvaccine

BCGistheonly currently available TB vaccinefor
usein humansand isamong theworld’s most widely
used vaccine. Thisvaccine hasbeen givenmorethan 3
billion timeswith an extraordinarily high safety record.
Neverthdess, itisthemaost controversd vaccinein cur-
rent use. Although BCG offers protection againgt mil-
iary TB (86%) and meningitis (75%) and reducesthe
risk of pulmonary TB by 50%in children®, itfailed to
protect against the highly prevalent pulmonary TB in
adults. Furthermore, the BCG suffersfrom thelack of
consistent protectiveefficacy in different partsof the
world. Infact, estimatesof protectionimparted by BCG
againgt pulmonary diseaserangefrom 0to 8094, This
isprobably dueto thefact that al of theBCG strainsin
current uselack someof the DNA segmentspresentin
pathogenic M.tb and M. bovis, which encode antigens
important for inducing protectiveimmunity®3. Thiscould
be due dsoto the differences between M.tb and BCG
at thelevel of expression of someimmuno-dominant
antigens. In addition, there are differences between dif-
ferent strainsof BCG with respect to DNA content and
growthinanima§%l. Moreover, BCG vaccinationin-
ducesaDHT responseto PPD that cannot be distin-
guished from exposureto M.tb, and thereforeit com-
promisesthediagnostic efficacy of the PPD test.

I mmunogeneticsasnew toolsfor development of
vaccinesand diagnostics

Globally, thelack of efficiency of theimmune ap-
proach-for both diagnostic and vaccina devel opment-
isduetotheinsufficient specificity of antigensused to

e ReV/ew

induce aprotectiveimmune response or to detect spe-
cificand early infection phase(s) TB. Thus, toidentify
candidates for improved vaccines and standardized
preparationsfor specific diagnosisof TB, itisneces-
sary to characterize other antigensand epitopesof M.th
that arelesswdl studied.

From genesto antigens

Thecurrent availablevaccineagainst TB, the at-
tenuated M.bovis BCG, hasbeen shown to be protec-
tiveagaing TB only in some conditions, and dthoughit
shares morethan 98% identity with thevirulent M..tb
H,,R, referencestrain, very littleisknown about the
critica differencesthat confer pathogenic behavior to
M.tbin respect to BCG™4. Theidentification of myco-
bacterial antigens selectively expressed by virulent
mycobacterialiketheregion designated asRD1 which
includes somere evant immuno-dominant antigens of
M.tb, such as ESAT-6¢ and CFP-1037, could rep-
resent, together with other proteinsin the sameregion,
potential antigen targetg8:0404142.43441 Eyrther, other
differences between M.tb and BCG could aso bedue
tothedifferent level of expression of someimmuno-
dominant antigens, asdescribed for the 38 kDaM.tb -
complex specific proteinthat isexpressed at a10times
higher level by M.tb H,,R, than by BCG, Moreover, it
a so gppearsfundamental to exploit thedifferencesde-
termined by the physiologica conditionsinwhich M.tb
interactswith thehost immune system®. Inthiscon-
text, it hasbeen found that M .tb regul ates gene tran-
scription indifferent waysaccording to thegrowth con-
ditions(in synthetic medium or insidehuman macroph-
ages)i*el, As aconsequence M.tb gene productswith
possibleimmune potentiditieshavenot yet beenidenti-
fied. Infact, arecent study analyzing the expression
profileof M.tb genesin human macrophages*! showed
that only 5.5% of thewholeM.tb genomeisexpressed
and that 32.5% of the expressed gene productsare till
classfied ashypothetica proteins. Such dataindicate
that thedifferential expression of M.tb genesin differ-
ent environmentsrepresent apotential systemfor the
identification of proteinsof vaccinad and diagnosticin-
terest.

Concerning theimmuno-genicity of such products,
current evidence showsindeed that theseantigenspro-
voke antigen-specific T-cellsreactions upon chalenge.
In particular, ESAT-6 and CFP-10 wereidentified as
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Modelisation of binding
motifs in binding quantitative Matrix
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Digital analysis of each
nanomeric peptide subsequence
of the target proteine with
the binding quantitative Matrix

L)

Amino Position
acid P1 P2 P3 P4 P5 P6 P7 P8 P9
A: -999.00 0.00 0.00 000 - 0.00 000 - 0.00
D: -999.00 -1.30 -1.30 -2.10 - -2.70 -200 - -1.90
E: -999.00 0.10 -1.20 -0.40 -2.40 -0.60 -1.90
F: 0.00 0.80 0.80 0.80 -2.10 0.30 -0.40
G: -999.00 0.50 0.20 0.20 -0.30 -1.10 -0.80
H: -999.00 0.80 0.20 0.20 -2.20 0.10 -1.10
I: -1.00 1.10 150 1.50 -1.90 0.60 0.70
K: -999.00 1.10 0.00 0.00 -2.00 -0.20 -1.70
L: -1.00 1.00 1.00 0.90 -2.00 0.30 0.50
M: -1.00 1.10 1.40 0.80 -1.80 0.09 0.08
N: -999.00 0.80 0.50 0.04 -1.10 0.10 -1.20
P:  -999.00 -0.50 0.30 -1.90 -0.20 0.07 -1.10
Q: -999.00 1.20 0.00 0.10 -1.80 0.20 -1.60
R: -999.00 2.20 0.70 -2.10 -1.80 0.09 -1.00
S: -999.00 -0.30 0.20 -0.70 -0.60 -0.20 -0.30
T: -999.00 0.00 0.00 -1.00 -1.20 0.09 -0.20
V: -1.00 2.10 0.50 -0.05 -1.10 0.70 0.30
W: 0.00 -0.10 0.00 -1.80 -2.40 -0.08 -1.40
Y: 0.00 090 0.80 -1.10 -2.00 0.50 -0.90

Localisation of putative epitopic peptides

Figurel: Computer assisted quantitativepeptidebinding motif analysis

potent RD1-encoded T-cell antigensthat induce |FN-
y production in mice“® 4, cattle>, and humang>+52
infected with M.tb or pathogenic M.bovisbut not when
vaccinated with BCG Such responseswere observed
bothin patientswith clinically ATB and ininfected but
hedlthy tuberculin skintest-positiveindividua §%. RD1-
encoded antigensare, therefore, currently used asanti-
gensinthe|FN-y derived immuno-assay for thediag-
nosisof TB infectiong?2:27, Furthermore, other mem-
bersof RD1 and other RD regionsof M.tb aswell as
proteinsbe onging to PPE family™*? havebeen described
as potential immuno-dominant targetg>*4, However,
theimmune potentidity of al theseprotein antigensto-
gether hasnot yet been investigated in detail.

From wholeprotein antigensto peptidicantigens

Thewholepurified or recombinant antigensof M.tb
areimmunol ogically quitecomplex and thepotentid use
of thesereagentsislimited by thetechnical problems
related to the production of these proteinsin recombi-
nant and in stable batch to batch form. Infact, many of
theseantigensmay have several hundred amino acids.
Sincethelength of T-cell epitopesusually ranges be-
tween 9 and 20 amino acids, thealternative would be
to usejust theimmunol ogicaly functiond partsof these
antigenswhich represent apotentia perspectivefor the

development of subunit antigensfor vaccind and diag-
nostic use.

Theidentification of T-cell epitopeswithinprotein
antigens hastraditionally been accomplished using a
variety of methods, including theuseof wholeand frag-
mented native or recombinant antigenic protein, aswell
asthemore commonly employed overlapping peptide
method figure 1. Thelatter method for theidentification
of T-cell epitopeswithin protein antigensinvolvesthe
synthesi sof overlapping peptideswhich spantheentire
sequence of agiven protein antigen. These peptides
arethentested for their capacity to stimulate T-cell re-
sponsesinvitro. Neverthel ess, the number of overlap-
ping peptides covering the sequences of proteinswith
severa hundred amino acidswould bevery high and,
proportionally, theidentification of promiscuous pep-
tidesviathe synthesisand theex vivo anadysisof such
productswould bevery laboriousand costly figure 1.

To bypassthesetechnical constraints, thereverse
Immunogenetic gpproach, in particular itsrecent devel-
opment of quantitativeimplemented HLA peptide-bind-
ing motifsagorithms(seebox 1), hasbeen success-
fully used to define T-cell epitopesand to identify new
peptide epitopesthat can be used for assessingaT-cell

response.



RRBS, 2(1) June 2008

F.Seghrouchni et al. 27

e RBY/CW

TABLE 1: World Web Wideresour cesfor the prediction of T-cell epitopes

Database WWW site Tips
immTJIr:(/)Io http://hiv- Human and murine MHC class | and |1 qualitative prediction by peptide
dat abasegyweb.lanl.gov/i mmunology/ binding motif analysis

Human and Murine MHC class | and |1 qualitative and qualitative prediction

SY FPEITHI http://www.syfpeithi.de

by peptide binding motif analysis and quantitative implemented peptide

binding motif analysis (additive algorithm)

http://bimas.dctr.nih.gov/
molbio/hla_bind
http://www.imtech.res.in/
raghaval/propred/
http://www.imtech.res.in/
raghaval/propred2/

BIMAS
ProPred
ProPred2
EpiPredict http://www.epipredict.de

JenPep
PAProC
FIMM

http://www.jenner.ac.uk/jenpep

http://www.paproc.de
http://sdmc.krdl.org.sg:
8080/fimm

Preded T enpredimhc-bind/index.htmi

HLA class | quantitative prediction by quantitative implemented peptide
binding motif algorithm (multiplicative algorithm)

HLA class Il quantitative implemented peptide binding motif algorithm
(additive algorithm) based on Hammer & Sturniolo binding matrix

HLA class | quantitative implemented peptide binding motif algorithm
(additive algorithm)

HLA class Il quantitative prediction by quantitative implemented peptide
binding motif algorithm (available for few HLA-DR aleles)

Human, Murine and Primates MHC class | and Il quantitative peptid binding
prediction by quantitative implemented peptide binding motif analysis
Algorithm for prediction of ImmuneProteasome cleavage pattern

Site with multiple algorithms for ImmuneProteasome and peptide binding
prediction by Artificial Neuronal Network system
http://bioinfo.md.huji.ac.il/marg/ HLA class | quantitative peptide binding prediction

(available for few alleles)

3. Quantitativeimplemented HL A peptide-bind-
ing motif analysis: theroad to epitopic peptides

The goal of T-cell epitope prediction isto accu-
rately identify peptide sequenceswithinany prote ntha,
inthe context of adefined HLA molecule, will dicit
desired T-cell responses.

Recently, therapid expansion of informationonthe
sructure of HLA moleculesand the characterization of
alargepool of peptidesableto bind most of theHLA
classl and Il alldeshaveled to theevolution of anew
classof computer-drivenagorithmsbased onHLA bind-
ingmoatifs

Thequantitativeimplemented HLA peptide-bind-
ing motif approach isbased on theresults of studies
that identify theeffect on binding of different amino ac-
idsindifferent postionsaongtheHLA bound peptide,
enabling the extraction of quantitative coefficientsfor
each amino acidin each peptide position for anumber
of HLA class| and Il dleles™. Consequently, predic-
tive schemesfor anumber of HLA aleescould beex-
tended to i nclude sequence dependent coefficientsin
the cal culation of apeptide score, enabling the predic-
tion of the binding hierarchy of different peptidesbased
ontheestimated binding probability figure 1.

Thequantitativeimplemented HLA peptide-bind-
ingmoitif gpproachisbased ontheexperimentaly eva u-
ated value of eachamino acid indifferent positions(P1
to P9) dongthe HLA bound peptide. Thesevauesare

organizedinHLA alele-dependent binding quantitetive
matricesand digitalized with software ableto analyze
thewhol e sequence of thetarget protein and to ca cu-
late the resultant binding scorefor each peptidic com-
bination. Putative epitopic peptidesareidentified by
selecting the peptides containing a high number of
epitopeshaving high binding scores.

Furthermore, themost recent i mplementation of the
systemsavailablefor theprediction of the T-cdll epitopes
isbased on the complementation of HLA structural data
withinHLA binding data. Infact, thefindingthat HLA
mol ecul es share the same pocket conformationi.e.,
composed of thesame polymorphic residues, present-
ing thesamebinding specificitiesfor that pocket, ledto
determine putative binding propertiesfor HLA dleles
inwhich binding dataare poor or not available. Asa
consequence, the creation of adatabase of the confor-
mation of HLA binding pockets hasallowed the gen-
eration of virtual binding matrix for HLA moleculesin
which binding dataare not avail able simply by compar-
ing the primary structure of the given HLA molecule
with the primary protein structure of the pocket inthe
database®™". Thisapproach has determined expansion
of thenumber of HLA alelesthat could be considered
for thescreening of putative T-cell epitopes. Infact, large
setsof binding dataarenow availablefor HLA class|
and Il dldles, that together now alow coverage of more
than 90% of theworldwidedldicvariantspresentinthe
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| Target antigenic Protein |

Classic method

a4

Overlapping Peptides

Depend on the size of the

Bioinformatigue Method

»

Multi-epitopic HLA- promiscuous Peptides

Depend on the nuomber of

whole sequence of the
target protein and the size

"

Number of designed

the identified putative

peptides epitopes

"

of the designed peptides

Figure2: Outlineof theoverall approachesin classical and computer assisted T-cell epitope prediction

different human popul ationg®:57%8:59. 60616283 The huge
amount of information and the dynamic changesof the
structural and functional dataneed to be managedin
automatic systems. World web wide based systems
(TABLE 1) aswdll asspecific offlinesoftwarearetypi-
caly usedtothisam.

Many databases and on-lineresourcesare avail -
ablefor T-cdll epitope predictionviatheinternet alow-
ing direct testing of aprotein sequence. Most of the
availablefreefacilitiesarelisted bel ow together with
sometip. Asmost of these databases eval uated the pre-
diction of T-cell epitopeswith different gpproaches, the
direct useof theresults obtai ned using these databases
have to be carefully evaluated in the context of the
method used. M oreover, the compari son of resultsob-
tained with morethan one prediction method for each
HLA alelehasasoto beconsidered.

Consequently, in recent yearsthe devel opment of
meathematical model sfor theprediction of T-cdll epitopes
based on specific peptide binding motifsof thevarious
HLA classl and Il dleleshavebeen developed. These
model scong s indetermining mathematica formulafor
thestructural and functional experimental resultscol-
lected for HLA moleculesand their interaction withthe
antigenic peptides. Thefina god of thisapproachisto
determinethedigital exploration of atarget proteinin
thestructural datain amanageabl e database.

Theforce of this bioinformatic approach comes
from the speed with which alarge number of proteins
can be screened in ashort period of timefor ng
putative peptide epitopes. In addition, insilico screen-
ing usually dlowsfor areduction of about 95% inthe
number of peptidesto be screened by using standard

methodsfor epitope prediction®™ (Figure2).

Thesd ection of T-cell epitopeswithin protein anti-
gensusing aclassical approach requiresthe synthesis
of overlapping peptideswhich span theentire sequence
and provideagenerally high number of peptides (de-
pending onthesize of thetarget protein). In contrast,
the use of abioinformatic approachinvolvesthe syn-
thesisof areduced number of multi-epitopic peptides
(reduction of about 95%). Thus, thislater method al-
lowsagainintime, reduced cost and facility in both
peptidesynthesisandininvitro eva uation of the effec-
tive capacity to stimulate T-cel | responses.

Conseguently, dthough thedominant T-cell epitopes
varyinpatientsof different geographica location, prob-
ably due to differences in the genetic back-
groundg>-646588 the gpplication of thistechniquecould
allow the selection of peptides presenting morethan
one peptide binding moatif (i.e. HLA-promiscuous) and
morethan one epitope from the protein sequence. In
thisway, withfew defined antigens, itispossibleto cover
amog dl theHLA-varigbility inapopulaionaswell as
to haveasufficiently large panel of epitopesspecificfor
each HLA typeto measure and/or to inducetheim-
muneresponse a thesinglesubject level.

Nevertheless, it isimportant to keepinmind that
what can be determined by thisandysisistheputative
HLA binding ability of aprotein portionwhichisachar-
acteristic necessary but not sufficient for apeptideto
be antigenic. Infact, acomplete protein antigen may
have severd T-cdll epitopes, somemay havean activa:
tor phenotype and others a suppressor phenotype. In
addition, the peptide-MHC complex must still interact
withthe TCR of aneighboring cell dlowing theinduc-
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Identification of relevant
epitopic peptides

Figure3: T-cell epitopeprediction andin vitro verification
of the“real” functional quality

tion of acdlularimmuneresponse. Thus, theuseof an
invivo or invitro system to determinethe capability of
theinsilico predicted epitopesto berecognized by spe-
cific T-cells, remainsfundamental to check the“real”
functional quality of thesein silico selected products
figure3.

Theprediction of putative epitopic peptidesusing
thequantitativeimplemented HLA peptide-bindingmoatif
approach isbased on the selection of peptideswith a
high probability to contain the morerel evant epitopes.
Thus, the use of an in vitro system to determine the
capability of theinsilico predicted epitopesto berec-
ognized by spedific T-cd s, remainsfundamentd toverify
the“real” functional quality of these in silico selected
products.

Thisoption has practical advantagesover whole
antigen, intermsof immunol ogical specificity, chemicd
definition, stability, cost, and lack of potentially mu-
tagenic materid. Furthermore, syntheticaly produced,
these peptidesoffer distinct advantagesinthat noin-
gredientsof animal origin are used for production. In
addition, if anantigen common to morethan onemyco-
bacterial speciesisselected, peptides of species-spe-
cific sequences can be chosen. Consequently, if the
antigenisof compromised specificity, suchasthe 19-
kDaprotein, itispossibleto select epitopesfrom re-
gionsof theprotein, which are M.t -specific.

With regard to thetechnical aspect, designed pep-
tides, with sizes usually ranging between 13 and 25
amino acids, could be synthesized asfreeamino acid
termini, sufficiently stableinlyophylized form, and puri-
fiedusngdassicd chemicd techniques. Inaddition, such
synthetic peptidic antigens could be successfully tested
using rapid and easily automated systemsworking on
al individudsinfected with M.th. Infact, specificCTL
and/or Th cellscould beassessed by ELISA, ELISpot
and Intracellular Cytokine Staining (ICS). Moreover,
these techniques could be easily automated and per-
formedinroutineby usngandyticd ingrumentsaready
availableinmost dinica laboratories.

Inthe context of theinfection with M.tb, protective
immunity ismediated by epitopesof M.tb antigensrec-
ognized by human T-cdllsof the Thl type. Withtheaim
to detect such epitopes, Al-Attiyah et d .1 and Vincenti,
et al.[® reported some dominant epitopes recognized
by T-cellsfrom most of thetested individua sin asso-
ciation with frequently expressed and multiple HLA-
DR molecules. Such HLA-promiscuous T-cell multi-
epitopic peptides (HLA-p.T-c.m-EP) may beexploited
in designing peptide-based vaccinesand diagnostic re-
agentsagainst TB. However, for futuredevel opment of
theclinical useof peptidic antigens, theidentification
and better definition of theimmunol ogicd proprietiesof
HLA-p.T-cm-EPisgtill need. Ontheother hand, these
particular proprietiescould beexploited inan origina
way to exploretheinteraction between the host and
M.tb.

Per spectivesfor theclinical useof HLA-p.T-c.m-
EPintuberculosis

Interestsin such nove approachesisgrowing due
to continuousimprovementsin the better understand-
ing of thephysiology of immuneresponsesandasoin
the determination of the compl ete genome sequences
of theprincipa microbia speciesinvolvedinhuman pa
thology!®. In thiscontext, the use of epitopesto design
peptidefragmentsor DNA encoding epitopi ¢ sequences
to activate T-cell scapable of recognizing and neutraiz-
ingmicrobid particlescould beava uabledternativeto
current diagnostic testsand conventional vaccines.

1. MtbHLA-p.T-cm-EPasbiomarkers

Thegainintime, cost and facileinvestigation pro-
vided by bioinformatic selection of HLA-p.T-c.m-ER,
make possiblethe analys sof theimmunol ogic charac-
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teristics of ahigh number of M.tb gene productswith
theamto clarify their involvement intheimmune host
defenseagainst M.th.

Inthisperspective, consdering that M.thiscapable
of expressing differentia transcriptional programsin
responseto different growth conditions, attention was
paidtoresultsof studies“#"intotheregulationof M.th
genetranscriptioning dehuman macrophages. Our group
put forward the hypothesi sthat, ins demacrophages, in
contrast to RD1 proteinsexpressed at avery low level
[46,47.7071,72 ' nrotei nsexpressed a the highest level could
induceastronger T-cell responsein M.tbinfected sub-
jects. Neverthe ess, none of the productsof theseiden-
tified genes have been immunol ogically characterized
or have been cloned or expressed yet. In this context,
we, inarecent study!™, used thisapproach to examine
theimmunol ogical characteristicsof antigensexpressed
by M.tb genesin activated and non activated human
macrophages.

Thus, seventy-five HLA-p.T-c.m-EP7 werede-
signed from twenty-five different products of M.tb
genes, particularly up-regulated insde activated or non
activated human macrophages, anongwiththe RD1
genomic region and house keeping genes. When con-
sderingthepivotd roleof CD4 T intheanti-tubercular
immuneresponse, thesecdlswereexclusvely targeted
by designing these peptideson the basisof HLA class
|1 epitopes. Thetype 1 response to each peptide was
evaluated by measuring the number of the human pe-
ripheral blood T-cells producing IFN-y Thesein-vitro
results, whileconfirming theimmunogenicity of theRD1
proteinsin ATB and LTBI, identified agroup of pep-
tidesderived from 19 other proteinsthat dicit anequaly
strong T-cell responsein LTBI. In particular, agroup of
peptides derived from apanel of proteins selected for
their expressonin human macrophage culturesishighly
immunogenic, asit wascapableof diciting responsesin
subjectswith LTBI that are ashigh asthosedlicited by
RD1 derived peptidesused in up to datewidey imple-
mented diagnostictests. Further, comparison of thetime
courses of responseselicited by peptides, subsequent
to treatment of ATB, showed that theresponseto RD1
peptides declined with the rapid decreasein the myco-
bacteriad |oad achieved by standard chemothergpy!™ .
Interestingly, theresponseto HLA-p.T-c.m-EPderived
from genes expressed in activated macrophages seems
to increasewith time, suggesting apossibleinhibitory

effect of M.tb onthe presentation of such antigensdur-
ing theactive phaseof infection.

In addition to therelevance and the originality of
theinformation obtained with such apand of M.tbHLA-
p.T-c.m-EP, many other aspectsof the anti- M.tbim-
mune response can be explored by using thisapproach
with peptide antigens.

In particularly, a ong the samelineasthe study de-
scribed above, the possibility of producing and testing
alargenumber of such antigen markersmakespossible
immunologica anadyssof apane of M.tb antigensthat
islargeenoughto cover thesignificant diversity regard-
ingtheir function, their quantitativelevel of production
and the phases of their exposition tothe hostimmune
system. Such analysiswill undoubtedly provide new
informati on concerning the host-pathogeninteraction.

1.1. Induction of an adaptiveimmuneresponseto
alargepane of mycobacterial antigens

In general, biomarkers assessed by the measure-
ment of IFN-y produced by T-cells should be good
indicatorsof theimmuneresponse statusagainst M.t
and hence, correlatewith protection or pathogenesis.
Neverthel ess, thisapproach isbased on the prerequi-
sitethat peripheral blood, at least in part, reflectsthe
status of theinteraction between M.tb andthehost in
thelung™. However, the gene expression profil e of
M.tb contai ned within pulmonary lesions could not be
automatically assessed in the periphery. Infact, are-
cent study!™® showed that, for ATB patients, the re-
sponseinduced by a peptide from the Ag85 antigen
concerns T-cellswith acentral memory phenotype(T,,,)
when in the peripheral blood whereasit concernsT-
cellswith amemory effector phenotype (T,,) whenin
cerebrospind liquid. Similarly, the effector response of
T-cellsto ESAT-6 and CFP-10in thelung wasfound
to beassociated with ATB.

Thus, to assessthedifferent T-cell phenotypesin-
volvedintheimmune response against M.th and hence
to analyzetheir eventual contribution in protectiveor
suppressive mechanismsin host defense, measurement
of theactivity of cell should bedonein peripherd blood
aswell asat the site of infection. Furthermore, mea-
surement should concern not only cells specifictoa
particular category of M.tb antigens becauseagiven
antigen could induce different responsesin periphera
blood and a thesite of infection. Inthiscontext, alarge
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panel of HLA-p.T-c.m-EP selected from a panel of
antigenswith high diversity representsan opportunity
to study theresponses of different T-cellsclonesto an-
tigensdifferentially exposed, thus providing abetter
understanding of interactionsbetween thesiteof lesions
and the peripherd immune system. Furthermore, char-
acterization of theseresponseswill clarify the perspec-
tivesfor employment of multi-epitopic peptidesasa
subunit boosting vaccine.

1.2. Discrimination between adaptiveand innate
immuneresponses

Thesmall sizeof HLA-p.T-c.m-EPs peptidestruc-
turesmay beexploited in understandingthemechaniams
of host defenseto M.tb. In fact, this may lead to by-
passthe stimulation of theinnateimmunity actorsin-
duced by the processing of the entire protein antigen.
Thus, thisfeature providesan origina way to study the
interaction betweeninnateand adaptiveimmunity againgt
M.tbinfections.

Cytokinesarethepivotd factor being exploited to
measure the anti- M.tb immune host defense. How-
ever, not only cellsof adaptiveimmunity but aso cells
of innateimmunity could producethesamecytokinesin
responsetoinduction of Antigen Presenting Cells(APC)
after up-take of M.tb antigens. Thisinnate production
of cytokinesasaresult of antigen processing isundoubt-
edly influenced by the structure of the processed anti-
gen. IFN-y is an example. This cytokine is secreted by
specific T-cdll clonesinresponseto M.tb specific anti-
gens. However, it was shown, inthe non-infected young
calf, that IFN-y can a so be secreted by NK cellswhen
the periphera blood mononuclear cellsarestimulated
by antigens specific to M.tb such asESAT-617°8081 |n
fact, mycobacteriainfected macrophages®&l and Den-
driticcdls(DC)#8 secretelL-12 and IL-18. Thelat-
ter haveasynergistic effect on the production of 1FN-
v by NK cdlg¥. Consequently, IFN-yissmultaneoudy
produced by NK cellsthrough theinnate pathway as
well asby the T-cell specificresponseto M.th antigens
whenthetwo cellsare conjointly stimul ated within pe-
ripheral wholeblood®. Furthermore, dthough secreted
by arelatively reduced number of cells, the quantity of
IFN-y produced by the NK cells remains consider-
able®el,

To determinethe preciseinvol vement of innate or
adaptive immunity inthe anti-M.tb immune process,
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discriminativebiomarkerswithdifferentia responsesare
still needed. Inthis context, the secretion of cytokines
by cdllsof innateimmunity isinitiated by activated APCs
following the capture and the processing of antigens.
Thisprocessing should beinfluenced by the structural
features of theinternalized antigen. Considering their
S ze, thepeptidic antigen formsarecertainly differently
taken-in-charge by APCs compared to theentire pro-
tein forms of these antigens. Thus peptidic antigens
shouldinducedifferent level sof activation than theen-
tire protei n antigens and hence, of cytokines produc-
tion, by adaptiveimmunecells.

Taken together, the cytokines produced by innate
immunity could work inasynergic or an antagonist way
with those produced by adaptiveimmunity inincreas-
ing the performance of the peptidesbased vaccine or
diagnosistedts. In thiscontext, the preciseeva uation of
the amount of cytokine produced by each immune
branch will alow exploration of theinvolvement of the
innateimmunereactivity in the performanceof vaccine
and diagnostic tests based on these subunit antigens.
Moreover, HLA-p.T-c.m-EPfrom M.tb represent, thus,
aperspectiveof promising antigenscapableof inducing
stimulation of singleadaptiveimmunity alowing hence
aninnovativeway to study the preciseinvolvement and
the cooperation betweeninnate and adaptiveimmunity
inTB.

2. Perspectiveof theHLA-p.T-c.m-EPusein the
diagnosisof tuberculosis

Inthe context of alack of antigens specific enough
to alow thediscrimination between ATB and aL TBI,
HLA-p.T-c.m-EPsd ected by quantitativeimplemented
peptide-binding motif a gorithmsfrom M.tb proteins
might offer arelevant perspectivefor diagnostic use.

Theinterestin HLA-p.T-c.m-EP sdl ected peptides
indiagnosiscomesfrom their capacity to induce spe-
cific responses. Thiscould be dueto thefact that the
frequency of T-cdlIsspecificto singleepitopescontained
inthe sel ected peptides might change asafunction of
theantigenstill exposed totheimmunesystemadonga
given phase of M.tbinfection. Infact, it was demon-
strated that lymphocytes with immediate effector
memory function circulatefor alimitedtime, until the
antigen has been cleared. On the other hand, the ex-
pression levels of M.tb antigensare modul ated by in-
teractions between pathogen and human host defense.
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Consequently, during infection, someantigenic compo-
nentsare continuoudy exposed whileothersare present
inasmall load. For these down-expressed antigens,
thenumber of T-cellsrecognizingHLA-p. T-c.m-EPin
peripheral blood could not be high enough to be de-
tected, whilethe number of T-cellsrecognizingtheen-
tireantigenic protein form or the overlapping peptides
coveringthewhol e proteins, could remain high enough
to bedetected®. Thiscould explain, in particular, the
presenceat the high frequency of IFN-y-producing T-
cellsspecificto sel ected epitopesinresponseto HLA-
p.T-c.m-EP from ESAT-6 and CFP-10 secreted by
metabolically active and viablebacilli during ATB.,
When M.tbisinaperiod of dormancy, duringaLTBI
or after efficacioustreatment, these RD1 antigensare
down-regulated and the responseto epitopi ¢ peptides
derived from these antigensis decreased. in contragt,
theresponseto the sameantigens, presented intheen-
tireantigenic protein form or asoverlapping peptides
covering thewholeproteins, isstill increased in LTBI.
Thisdifferencein specificity between HLA-p.T-c.m-
EP and original entireantigenscould, also, bedueto
the non-specific part of IFN-y produced by activated
innateimmunity actors. Intheory thesediagnogtictests
are based on the measurement of IFN-y exclusively
secreted by sengitized T-lymphocytes, which arestimu-
lated foll owing specific recognition of presented anti-
gen. However, asdescribed above, theNK cdlls, which
constitute asystem of recognition at theinterface be-
tween innate and adaptiveimmunity, are al so reported
to be one of themgjor IFN-y producersfollowing an
interaction with antigen presenting cells. Furthermore,
NK cellsareableto produceacons derableamount of
IFN-y when mononuclear cells in the peripheral blood
aresimulated by antigensspecificto M.tb suchasESAT-
681, Consequently, the measured IFN-y istheresult
of simultaneous non-specific production by NK cells
and specific production by T-cellsinresponseto M.tb
antigenswhen thetwo cdlsareconjointly stimulated ex
vivoin periphera wholeblood®. Thus, thisnon-spe-
cific IFN-y production by NK cells could alter the
specificity of diagnostic tests supposed to measurethe
IFN-y exclusively produced by sensitized T-cdlls, even
when theantigensused are highly specificto M.thi™8,
Thus, itishypothesized that thesmall szeof HLA-p.T-
c.m-EP couldinducealower level of activation and
henceless production of IFN-y by NK cellsthan en-

tire protein antigens. The IFN-y measured by HLA-
p.T-c.m-EP-based tests is less affected by the non-
specific IFN-y produced by NK cells. Thus, thiscould
explanthehighlevel of specificity of thetestsbased on
peptidic antigensin comparison with theentireantigen-
based testsin the detection of aninfectionwith M.tb.

2.1. In vitro immune diagnostic assay based on
theT-cell-responsetoHL A-p.T-c.m-EP

A few studies showed that peptidesfrom ESAT-6
inducereactivity in M.tbinfected guineapig but notin
M. bovis(BCG) or M. avium sengitized guineapigg 50].
Inhumans, RD1 protein-derived HLA-p. T-c.m-EPare
used asantigensto perform animmune-diagnostic as-
say for ATB using an ex vivo ELISpot assay to assess
for specific IFN-y -secreting CD4+ T-cell§[51]. The
positive responsewith thisassay presented the highest
TB diagnogtic sengitivity in patientswith ATB and even
in HIV-positive patients. Furthermore, in contrast to
the whole protein, the response to sel ected peptides
reduced s gnificantly under effectiveanti-TB thergpy and
no response was observed in PPD-positiveindividu-
alg%l, Such datasuggest that thein vitroimmunedi-
agnostic assay based on the T-cell-responseto HLA-
p.T-c.m-EPcould be used to discriminate between ATB
and LTBI and a so to monitor the efficacy of anti-TB
therapy!™!.

In comparison to overlapping peptides from the
sameoriginal proteins, arecent study™® showed that
animmuneassay based on multi-epitopic selected pep-
tideshasahigher diagnogticaccuracy forATB inadlinicd
setting compared with commercialy availableassays.

2.2. Invivoimmunediagnostic assay based on the
T-cell-responsetoHL A-p.T-cm-EP

Another perspectivefor thediagnosisof TB con-
sstsintheuseof HLA-p.T-c.m-EPfrom M.tb as anti-
gensto developanew skintest. Infact, theimmunoge-
nicity of themulti-epitopic peptidesaswell asthe peci-
ficity and therapidity of theimmuneresponseinduced,
asdescribed above, support investigation of optionsto
exploit the DHT reaction to such peptidic antigensto
identify infection by M.th. Several studiesshowed that
the addition of alipoid portion to asynthetic peptides
provided it withtheability to provokeapositive DHT®™,
required in particular for skintest reactivity.

Inaddition, s mplelipopeptides have been shown
toinduce cellular and humoral immuneresponsesin
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mice®% in primated®*, andin humang®%l, Thefre-
guency and duration of the cytotoxic T-cell (CTL) re-
sponse aredirectly influenced by the presence of po-
tent CD4 expressing T-cell epitopeg®497,

Furthermore, it was al so reported that lipopeptides
containing short epitopes are endocytosed and pre-
sented to specific T lymphocytesby DCs. Moreover,
li popeptides have been shownto stimulatetherelease
of the pro-inflammatory cytokine TNFa from bovine
macrophages and DCsin vitro, thereby providing a
poss blemechanism for its DTH-enhancing properties.
Ontheother hand, the synthetic lipopeptides compris-
ing theepitopesof bacterid lipoproteinsarebeing in-
creasingly used intheimmunization of anima models
and have been shown to stimulateimmunity to Plasmo-
dium faciparium and to hepatitis B virus. Inaphasel
trial of ahuman vaccinefor HIV infection[98], such
products have been demonstrated to be safeand to be
ableto stimulate helper CD4-T-cellsaswel | asspecific
cytotoxic CD8-T-cdllswhichrecognize naturally pro-
cessed viral proteins. Inthe context of TB, an ESAT-6
based skintest showed to haveapromising diagnostic
potentid inanima modd swith ahigher specificity than
the PPD test[50]. It was d so possibleto stimulate an-
tigen-specificbovineskin-DTH responsesusing ESAT-
6 incombinationwith asynthetic bacterid lipopeptides.
Of greater interest, astudy showed aDTH of peptides
from ESAT-6in guineapigs®.

3. Perspectiveof HLA-p.T-c.m-EPusein vaccines
against tuberculosis

To meset the ever-growing need for improving ex-
igingvaccinesagaing TB intermsof efficacy and safety,
severa antigen discovery programswere undertaken
inthe 1980sin an attempt to find new immunogensthat
could constitute subunit or recombinant vaccinesto re-
placethelive BCG vaccind'®, Thevaccine candidates
againgt TB aredesigned to evokean immuneresponse
that isableto control subsequent infection moreeffica-
cioudy than theimmuneresponsestimulated during natu-
ral infection*®¥, New technologicd possibilities, com-
bined with increased knowledgeinrelated fields, such
asimmunology and molecular biology, opentheway to
new vaccination strategies. Two genera typesof vac-
cinesare currently being pursued™: (i) recombinant
viablevaccinesshould have asuperior protective effect
than the BCG to replace conventional vaccinationin

e ReV/ew

newborns, which isgenerally based on the BCG but
usedifferent strategiesin evokingimproved protec-
tion2921%1 (i) subunit vaccines devel oped from oneor
afew antigens. Dueto decreased immunogenicity com-
pared to the BCG vaccine, thelatter are concelved as
abooster vaccinefollowing aconventiona BCG prime
vaccination in the newborni®141% Sinceitiswidely
believed that protection againgt the diseaserequiresthe
induction of Thl-typeimmune responses against se-
creted or surface-exposed polypeptides, the approach
based on theidentification and selection of immuno-
gens containing T-cell epitopes can be used, together
with epitope-enhancement Strategies, to increasebind-
ingto MHC, or toimproverecognition by T-cell re-
ceptor complexes. Thisapproach represents, besides
theclassica whole-cell vaccinesconssting of killed or
attenuated pathogens, anew prophylactic and thera-
peutic treatment by vaccinesagainst TB.

Inthiscontext, thereverseimmunogenetic goproach
inidentifying the most relevant T-cell epitopescould
providearationa basisfor thedevel opment of subunit
vaccine strategiesagainst TB asalready suggested in
part in different reportsin thisfiel di106107.108

Infact, theuseof entirere evant immuno-dominant
antigensof M.tb, such asESAT-6 and CFP-10, together
with other proteinsof the sameregion, aspotentiad sub-
unit vaccinetargetsfor improving theBCG vaccinehas
already been reported extensively [28.35:38394041,4243.44)
However, the use of these recently devel oped recom-
binant BCG vaccinesislimited by therisk of regenera-
tion of M.bovis pathogenicity consequent to reinser-
tion of such whole proteing®. Thus, the approach to
determine by reverseimmunogeneticsthemost relevant
T-cdll epitopesfromimmuno-dominant wholeproteins
may alow insartioninto BCG of achimeric protein con-
taining only theimmunogenetic portiong'®. Further-
more, these HLA-p.T-c.m-EPs are safe, they can be
designed toinduce defined immuneresponsesand they
can besynthesizedinlargequantitiesinhigh purity. This
gpproachisunder extensveeva uation againgt, not only
TB, but also some of themost relevant infectiousdis-
easessuch asmalariaand AIDS ™Y,

Concludingremarks

Epitopic peptides are ableto activate T-cellsca
pableof recognizingand neutrdizingmicrobid particles,
they are safeand suitablefor synthesisin large quanti-
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tiesinhighpurity. Givendl thesefegtures, epitope-driven
diagnostic toolsand vaccinesfor infecti ous di seases of
worldwideimpact such as TB arenow withinreach.
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