Method for detection, differentiation and quantification of T cell populations by way of reverse
transcription quantitative real time PCR (RT-gPCR) technology The present invention relates to
methods for detection, differentiation and quantification of T cell populations, comprising the following
steps a) contacting a first aliquot of a body fluid of an individual with at least one antigen, wherein the
body fluid contains antigen presenting cells (APC) and T cells, b) incubating the first aliquot with the at
least one antigen for a definite period of time, c) detection and differentiation of the T cell populations
by detecting at least a first marker of the APCs induced by the T cells of a specific T cell population in
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uid of the ndividual, which has not been incubated with the at least one antigen, by

way of reverse transcription quantitative real time polymerase chain reaction (RT-
qPCR), and d) detection and quantification of the T cell populations by determining the
ratio of the detected marker of the APCs in the first aliquot to the second aliquot, as

well as a kit for performing the method.

T cells play a key role in the complex network of immune defence against microbial
infections and tumour diseases by coordinating the immune response and by controlling
and eliminating pathogens as well as tumour cells through manifold direct and indirect
effector functions. Interference with the complex T cell function may lead to an
erroneous activation of autoaggressive T cells and concomitantly elicit severe
autoimmune diseases such as multiple sclerosis (MS), theumatoid arthritis (RA) and

juvenile diabetes (type I diabetes).

In principle T cells exhibit phenotypically a large heterogeneity as well as a broad
spectrum of effector functions. Thus, T cells may be roughly classified on basis of the
expression of the surface proteins CD4 and CDS8 as CD4 positive T cells (T helper cells
(Th)) and CD8 positive cytotoxic T cells (CTL).

CD4" T cells play a key role in the activation, polarisation and coordination of the
immune defence. CD4" T cells are activated due to a specific interaction of their T cell

receptor with peptide loaded MHC class I molecules located on the surface of antigen
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receptor with peptide loaded MHC class Il molecules located on the surface of antigen presenting
cells (APC) and govern subsequently via cell cell contact and/or secretion of various messenger
molecules (for instance cytokines, chemokines) the production of antibodies by B cells (humoral
branch of the immune response) and the activation of CTL (cellular branch of the immune response).
CD4+ T cells can be subdivided on basis of the expression of characteristic surface proteins and the
production of marker cytokines into T helper 1 (Th-1), T helper 2 (Th2) and T helper 17 (1h17) cells.
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or CD41TD8hpY:t the production as well as the class change of antibodies (humoral branch of the
immune system) in B cells. Th-17 cells are characterized by the production of the
cytokines [L-17, TNF-a, GM-CSF and 1L-6 and seem to play an important role in
rheumatologic autoimmune diseases. With regulatory T cells a further CD4™ T cell
population aside of Th-1, Th-2 and Th-17 cells was defined, which plays a significant
role in the attenuation of immune responses, oral tolerance as well as in the prevention
of autoimmune diseases. Regulatory T cells may be subdivided into CD4™ CD25"
CTLA4" natural regulatory T cells (Treg) as well as into Th-3 and Tr-1 cells, which are
characterized by the production of the cy‘cokineé TGF-p (Th-3 cells) or IL-10 (Tr-1

cells).

CTL play a central role in combating cells and tissues infected with microorganisms and
parasites as well as tumour cells by destroying them via direct effector mechanisms
such as the release of cytotoxic substances (e.g. perforin, granzym) and triggering of
apoptosis. In addition, by secreting immune stimulatory cytokines (IFN-y, TNF-a, IL-
15) and chemokines (MIP1a, MIP1p, Rantes) as well as various soluble antiviral factors
(IFN-o, IFN-B, [FN-8, CAF) CTLs exhibit further, to some extent very specific effector

functions, which contribute very efficiently to restriction of pathogen replication and



Thus, T cells represent an important protective mechanism of the acquired immune system for
prevention and control of microbial- and in particular of virus-induced diseases as well as for the
recognition and destruction of tumour cells. The activation, polarization and regulation of specific T
cells is governed by a strict control via APCs and is essentially defined by the subtype and maturation
level of the APCs, by the mechanism of antigen uptake and presentation as well as by the intrinsic
properties of the respective immunogen. Hereby the dose and localisation of a immunogen as well as
the concentratioting. therihermmendditiatehpspitstances dgtetinine] wdibtheyabEbaldcited- or a
Th-17-med; e i ROA «develops o iﬁ ato ' 'a@gce% Q ional APCs,
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juncture between native and acquired immune system by specifically recognizing pathogens and
tumour cellgy taking these up and presenting fragments thereof together,with MHC molecules of class |
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APC T cells are create }Lystig%n%er%cglﬁgrﬂ re?rrlléfé?? o V'\Ill? (c)égénf)glhaea(}#ass Il molecules as well as of
costimulatory molecules, such as CD80, CD40 ligand (CD40OL), 0X40 ligand (0X40L) and 4-1BB
ligand (4-1BBL, yl\uzggrg)fq)tll 19 cont with an. APC, in patticular a DC (Sokke Umeshappa et al.
(2009), J. \%rol.3182?'1933 %%F%r%qs%%icé‘%%‘fﬁ UeN Ohshees %Fc%ei}ssblﬁ Vé‘s’“ﬁ%irli’é” i%éé‘#epndent
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(TCR) (signghd), thednteragtiongef A %%t nd T cell based costimulatory molecules with their ligands
(signal 2), as we’ll‘ S t%e presensce 8%3 c%ﬁ pg g%{é?ngggﬁgﬁﬁlgglgﬁcﬁ s %ﬁ-)‘i?lﬁﬁ?ﬁﬂq%?mﬁ and
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peptide/MHC-I complexes are transported to the surface of APCs, where they are presented to
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fragments thereof together with MHC molecules of class I and class II to T cells. In
addition fibroblasts of the skin, epithelial cells of the thymus and the thyroid gland, glial
cells, beta cells of the pancreas as well as vascular endothelial cells may act as non-
professional APC. Furthermore, current studies show that T cells may also act as APC.
These APC T cells are created by the intercellular transfer of MHC class [ and class II
molecules as well as of costimulatory molecules, such as CD80, CD40 ligand (CD40L),
OX40 ligand (OX40L) and 4-1BB ligand (4-1BBL, TNFSF9) due to contact with an

APC, in particular a DC (Sokke Umeshappa ef al. (2009), J. Virol. 182:193-206).

For a successful stimulation of T cells by APCs three independent signals are required:
the specific recognition of peptide loaded MHC molecules via the T cell receptor (TCR)
(signal 1), the interaction of APC and T cell based costimulatory molecules with their
ligands (signal 2), as well as the presence of T cell polarising cytokines, such as IFN-y,

IL-12, IL-4, IL-6 and TGF-p (signal 3).



For specific activation of nave T cells is - aside of recognition of MHC molecules loaded with peptides
(signal 1) - a second, costimulatory signal required (signal 2). This is triggered by interaction of various
APC and T cell based costimulatory ligands with their receptors. Members of the TNF/TNF-receptor
super family as well as of the mmunoglobulin super family belong to the most important
representatives of costimulatory molecules. In absence of the costimulatory signal the T cell becomes
anergic. Anergy is the condition in which T cells do not propagate and do not react to an antigen. The
expressiorFatiesehnken aednpisigrelicsrs Arosuslbsdeataly yovErnedogenexanfégmuprstiessiigsuch as
componens ALRAIIRGRNS ALIAMIAIARA 3Rk % 87 Rl A LY KNSR D AEuatien and

maturation of APCs results in an increased expression of pro-inflammatory and T cell polarising
cytokines &BovvantagestcoBfimliaiemesiamirrsdcnBoVEibBewad omieuitterebyedegsimally

increasinggg%@pap@ggso{ﬁ%%gg@ggiyate cell mediated immune reactions. The specific antigen
recognition by the TCR and the interaction with costimulatory molecules induces a targeted activation

and proliferation of pathogen and disease specific naive T cells. This is accompanied by an increased

secretion qfyllc:,and the LxRIEsHIAr LRI igand.yhighRIayAhimperianisple 'M%@sﬁ%gosequent

activation and expansion of other subpopulations of specific T cells. The polarisation of activated T

cells in ThPR&WRE. dafEEdP deRscatdins ¢ Hxperiienicd epitvoenatufdlitn fass binblsaigs, of the
prevalent eyfioking. milienascvelaspidedatnsic Aepesias and-dose R aanedive antigen. The

mounting of a specific T cell response in the course of an acute microbial infection usually occurs in
three step$Tereiiy tie @ffierse phagBsalittigeh sdtwiehtiverricsiis afecntitipaterrtipsetaet with APCs

loaded with antigenswhigh leagadoa granatie:sxpansionalibe snesificalcells: g sayelgpment of

effector ftinctions and the infiltration of activated effector T cells at the site of infection. This effector

phase usubfipteleesompveed pithodBf tliomiveeis imtrensdfaaoncapasapatvoeisinsiihie
subsequent; contraeion RhasgsoNichHasia seyaral wesks e%gé&@’{?gé%iﬂéoﬂﬁﬁﬁﬁ@égﬁgor T cells

die. Only a few antigen specific T cells survive and differentiate into fong lasting memory T cells. In the
memory plHse tREsBIEMBI TEestsissrsisB M Teldiveyatibles celmmmbedB@exnanyyears in the

body. Thesg,mesman taeliscam wisklyhsitapcivriedafteraaen.eantast Wit teyantgen and exert

their effector functions. To avoid undesired immune reactions against the bodies own proteins and
tissues aulisEetE TS afer saHgBrPeTReniited or Maktvarsdesyletonal deletion (anergy). The
consequence is an antigen specific tolerance against the bodies own structures, such as proteins,
cells, tissues and organs. In autoimmune diseases these protective mechanisms are inhibited or are

only insuffieféntReeiélrershdatiThavenaiacnlingsly & hintidtaf trreeamsisanaink Hisemederules acquired
via an innate, dslserRtilind.(agpetic dispesitian) s cambinalicn withg itonmenialjnfiygnces such

as microbial infections, pregnancy or due to the similarity of the body's own structures with pathogen

and foreighti§tgsIspauifid eI HapRicgrines soidarad rhsrlt brierhnentreBgrdisandsveted T cells
play also acgntraleplerin e faopationiel aheniowitks.ipsrtionsandifie risclion.ef srapgplanted
fissues an?ngr;guangsg'lobulin super family belong to the most important representatives of
costimulatory molecules. In absence of the costimulatory signal the T cell becomes
anergic. Anergy is the condition in which T cells do not propagate and do not react to an

antigen.

The expression of costimulatory signal on APCs is essentially governed via exogenous
stimuli, such as components of pathogens or traumatized tissues, as well as by
cytokines. The activation and maturation of APCs results in an increased expression of
pro-inflammatory and T cell polarising cytokines as well as of costimulatory molecules
(CD80, CD86 and CD40), thereby drastically increasing the capability of APCs to
activate cell mediated immune reactions. The specific antigen recognition by the TCR
and the interaction with costimulatory molecules induces a targeted activation and

proliferation of pathogen and disease specific naive T cells. This is accompanied by an
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The determination of the phenotype, the frequency, the specificity, the functionality, the activation
status of T cells represents an efficient strategy to gain infolmation about the present course of
disease or about diseases already overcome. Furthermore, such methods are of major importance for
monitoring (monitoring) specific T cell responses in therapeutic and prophylactic vaccinations, as well
as in the diagnostic detection of the number and functionality of T cells in chronic inflammations,
autoimmune diseases and in transplant rejection. In the past decades different technologies for
detection oimfr@@tslhawﬂhaenfdéwélmpb@iewhjﬁhsmbeeCrBdQHigznﬁdjd}éddhtplaw@mmggmzies The first

group of m%%o% {ﬁéle Hgn |5%%§1 O@ltlgggtlg%%gsd X ug@tlf atlonb(});c (ﬁe pthld%s %e%mc T cells by

using peptide-MHC mu t|m eres, such as tetrame man Coulte ntarneres r0|mmune) and
streptamer§§ﬂBA5fliﬁhm)m$h@dnaﬂ6miﬂwedeTemilﬂano“ﬁhei apitthe spbzific Tadbllsawitts kmown MHC

restriction. &%&%ygésoqf gweeﬁ‘llé é%oghlt %) thecgkl,%ls n@ttﬁ)g Eqraelé/v%th |1s{1methqd The most
]

important limftation in using p e MH meres for the routine monitoh ing ofdnsease or pathogen
specific T cetl8 %QG&QMEWQMGHMﬂmeGmWQme@m@e as well as HLA specific. Thus,
an exhaustive monitoring of pathogen as well as disease specific T cells in subjects with different HLA
constellation requires the use of a broad spectrum of different peptide/MHC multimeres, which brings
about high Eostsoimangitdn stivetfes peptitietApbiG e ithn eressarelf so famtntyi evdilabieféotianlimited

spectrum ?%g-éd Wg&@g%e& ébéfé{ Cﬁgpr%tgﬂ% %éicqg&ggﬁg Q%ﬁt@ %fgtcpem CIltsh,:l(rl((‘aél ) er'ﬁhe use of HLA

molecule ith peptl es, w uorescent protein e epitope
specific recoginitton dryd Bintliely Wf&he@%@oh@p@demmet@@ell v@uebt@déads te almamternalisation of

the O abeler RAP UGl e IeHedive GTbdsNsHAled Tamary 8l (200}, Nat Med.

9:469). In contrast, the "func metho s for monitoring specific on the ex vivo
stimulationivfiifratiirand ﬁ@@a@@htﬁfﬂﬁgrpﬁt@@im@ﬂaﬁmmﬁtmfam ahigesfcatd theastibsequent

detection QHHQW@Q{%H(BQ%FE%%Q@S@@ Ii&%’&&%tﬂrgﬂﬂﬂﬁi%ogfof the pathogen. In the

subsequent contraction phase, which lasts several weeks, over 90% of the produced
effector T cells die. Only a few antigen specific T cells survive and differentiate into
long lasting memory T cells. In the memory phase these memory T cells persists in
relatively stable cell numbers over many years in the body. These memory T cells can
quickly be reactivated after a new contact with their antigen and exert their effector

functions.

To avoid undesired immune reactions against the bodies own proteins and tissues
autoreactive T cells are carly on eliminated or inactivated by clonal deletion (anergy).
The consequence is an antigen specific tolerance against the bodies own structures, such
as proteins, cells, tissues and organs. In autoimmune diseases these protective
mechanisms are inhibited or are only insufficiently developed. There is a number of
hints that the autoimmune diseases are acquired via an innate “susceptibility”, (genetic
disposition), in combination with environmental influences such as microbial infections,
pregnancy or due to the similarity of the body’s own structures with pathogen and

foreign tissue specific polypeptides, the so called molecular mimicry.

Besides, activated T cells play also a central role in the formation of chronic virus

infections and the rejection of transplanted tissues and organs.



marker cytokines, in specific reactivated T cells by way of various detection systems. 6 The detection
of specific CD4-E T cells is accomplished here usually by stimulation of APC and T cell containing
patient samples, such as heparinized whole blood or isolated peripheral mononuclear cells of the
blood (PBMC) with proteins, polypeptides or peptides of a length of 15 to 25 amino acids and the
detection of the specific T cell activation by determining the production of characteristic marker
cytokines or the T cell proliferation. The cytokine detection is done for example with flow cytometry
methods, sUehdsteintragetiulel Gytokinmesrenthe enitne scytukinecsBeratitre dssatjoaslitiltizs with the
ELISpot or, EL echni T rminati h I iferatios e be
determinec? %&%%%nﬁg{ggx%%’ﬁﬁ?lﬁ& d{%g {ca)sr%g?%%%%%{%%{s%é?rgd%%&%@%g{%i%%ﬂe%ter (CSFE)
proliferatiopresssdyeourseopirdsicabe detebtion dbepesifidreD8* avenlisn€ THyrisasuatly dorie by
stimulatin T - inj ient pl ' g ' f h of 8 t0 16 amino
acids. Furgtllr%rﬁr%é%g &Qﬁﬂa g{;}g{ ﬁ%gﬁﬁ%%%gﬁﬁg ﬁnﬁ%%ﬁép%% w %%ﬁégoﬁéglﬁgé%@?ggges or
bacteria, whigeepsréissateprpjet sthirctaresafi heatis sl asoliuiae i rzrPGsdetudtive stitisequent

determination, of the Mmarkenexiekines rigd q&%ﬂ&x@&&mﬂ%&&&gg@&&ﬁ&#&ﬁ ﬁ%g&g&g% IEN-TY by way

of flow cytometry methods, such’as intracellular cytokine staining or by using the ot or EL1SA
technologyRrespasavielgickiitive alternative the specific detection of CTL may be done by means of 51
chromium release assays or by using adequate non-radioactive methods, such as the lactate
dehydrogenase cytotoxicity assay (for example from Clontech). These available technologies allow the

determinat_l@ﬁ@fﬁ@ﬁg‘e‘é@;@@ﬁdﬁé@@ljéwbp@@iﬁ@@ﬂmwfrﬁe@ﬂﬁwﬂveéimnb@m&iemdt suitable or
only very ligyiied ﬁ%&g% %J\?g}ﬁgtﬁ&Hﬁéh%ﬁ»C{Wét@a%Ed}%Qem& B3GR, QGGHERBIY _U&%%' gQtly during

the active course of disease. CD4* T cells are transiently activated-during active microbial infections
and diseadéprbesisiont fivanesie andaimtidieatiplied mefentiiidhe Pedlis drecolity nrasdng for a

aefined, rafgri bR Rer oA E, MMuissacivaied: hRlPakeels igPreseitan paadan goiect for the

detection of an active disease incident. A detection assay, which is as significant'as possible, is
required tolBetermine ool steeptimetss idBhe .contexatt aladhosistlof detantivetinfeefiopiéaiseases and

aUto'immuﬂ%&ﬁ@%@él@%ﬂﬁ%@wn MHC restriction. An analysis of the functionality of the T

cells is not possible with this method. The most important limitation in using peptide
MHC multimeres for the routine monitoring of disease or pathogen specific T cells
ensue because the MHC/peptide multimeres are epitope as well as HLA specific. Thus,
an exhaustive monitoring of pathogen as well as disease specific T cells in subjects with
different HLA constellation requires the use of a broad spectrum of different
peptide/MHC  multimeres, which brings about high costs. In addition, these
peptide/MHC multimeres are so far only available for a limited spectrum of MHC

molecules.

A further method for determining specific T cells relies on the use of HLA molecules
loaded with peptides, which are linked to green fluorescent protein (GFP). The epitope
spectfic recognition and binding of these complexes by the T cell receptor leads to an
internalisation of the GFP labelled peptide, whereby the respective CTL is visualized
{Tomaru ef al. (2003), Nat Med. 9:469).

In contrast, the “functional” methods for monitoring specific T cells rely on the ex vivo
stimulation of T cell and APC containing patient material with stimulator antigens and
the subsequent detection of maturation processes, such as proliferation, production of

marker cytokines, in specific reactivated T cells by way of various detection systems.
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However, for certain applications in which discrimination between activated and non-activated T cells
is required, such as in the detection of activated T cells during acute microbial infections and
reactivations or the detection of activated autoaggressive T cells in the case of suspected multiple
sclerosis or type | diabetes, are methods which are based on in vitro restimulation of memory T cells
not or only very limited employable. The methods hitherto available for detection of activated CD4 T
cells exhibit so far only a low sensitivity and are thus disadvantageous. The reason for this low
sensitivity ilintdetadizodud tpehdifaCtatthelpathagenpiidisebberspecifity dstiviied D4 bfT cells are
directly det d and are typically present only in small amounts in the patient material, However, this
small numt‘?é%rtei)fEu ég/];f: Ig%ﬁ'ecé?)ﬁeaéﬂ%%}é??\}gé %ie(:ﬁé “%%%’s? TS a‘#‘éol{fﬁglr% |g(ffolﬁgi%18f1ection
which also satjsfres! diagnoestitaequitbmentbeshiocedh@Bsi€ttiontimitatihespoygthoidssavailable
hitherto is frequently.undercut. the.methods available so,far for the.detection.of antigen specific
activated Tpﬁéﬁ%%? c%gllaé ljfg%fﬂﬁ&%&%qg Sﬁlqﬁemﬁ%))ﬁl 8y Srﬁ%ttlr(i/na%%rﬁwﬁ?éeﬁ%hcofﬁf eins which
are transientlyvekprdssddtamineguhfapendiciotivatet raetis siTomthelsa belokigdn @atticlilasithe CD40

ligand and the.€D25 protein, However, CD40 ligand.is hardly.detectable by flow cytometry, because
the bindin {)ch}a%ltrﬁ%g ies eeggé_)l%éngn({%ﬁtfg%ﬁglfga%&]ﬁ é?rtﬁ’éaéé% ib%r%&%%&%%@%ﬂ%g‘e%% protein
may not ordycheafontrdcethBeativatekiife helpengeld thit ajsokdmeregutatarnafoels antl is:thgh not suitable
for a reliablg distincti | these twa.su ulations of T, helper. cells. In addition, the enhanced
expression o?dgllg_%%%ébn%’vﬁ&ngg%l e .gl;ﬁg%%%fjngéréﬁ%%rgi%ﬁfg eecl_f)’ﬁajlrgﬁ%os%ﬁf% er marker
for activatezkamge heTheedeieetidry bf @ntidatachaitige iBsgebificr cadls yEfjuirescharéiacparallel marker

detection fgr %ﬂ Im'nlr;gtgh SOE 'fici%fe. . b}y using specific tetra-, penta- or streptamers, the
phenotype, Lé‘fg.1 Eﬁy}iégtermlrr%ng c%a%cte?lrgttllg Strtace markers, and/or the T cell activation, for instance

via the production of marker cytokines, after a specific restimulation. A further disadvantage of the

methods h'ﬁ}g% %rko%r}i etgé it gfreliab tion W arker proteins, by way.of ELISA,
ELISpot or FA%S tgéhno%gy ?éoﬁposs%%ll%elecc??é%i ﬁ%eqrise bre?rr:]]es %Sélgﬁ aé%%ei)bf){ telmr%%laﬂ?é‘? proteins,
the presenéd of méfbrenBdomiakenpruttin fanipteaceltblahvegielasiand théchigh ufispecific reactivity
of the availg,gﬁ antibodies with cellul oteins. Thus, there,exists ed for.a method, which allows
to detect, to di erenlﬁ‘%'te an ('Eo qgurghti ?gselé}ﬁg %e?eé%cert)% at?gﬁgl,f%\:/n%hdba:}fe%c F\/%af)t%d%l\)%bacterial,
viral, parasitioobataantigens, tieteloiesnablinglthexassignthentafthesentroel popWatielis to specific
diseases aﬁ(grgéﬁfﬁ%ﬁ)stﬁgeﬁ?(is and the subsequent determination of the marker cytokines

produced by the antigen specific T cells, usually IFN-y by way of flow cytometry

methods, such as intracellular cytokine staining or by using the ELISpot or ELISA

technology, respectively. In the alternative the specific detection of CTL may be done

51 . . . .
by means of ~chromium release assays or by using adequate non-radioactive methods,

such as the lactate dehydrogenase cytotoxicity assay (for example from Clontech).

These available technologies allow the determination of disease and pathogen specific
CD4" or CD8" memory T cells, but are not suitable or only very limited suitable for
detection of activated T helper cells, which occur only transiently during the active

course of disease.

CD4" T cells are transiently activated during active microbial infections and disease
progression. Transient activation implies here that the T cells are only present for a
defined, rather short period of time. Thus, activated T helper cells represent an
important object for the detection of an active disease incident. A detection assay, which
is as significant as possible, is required to determine activated T cells in the context of

diagnosis of an active infectious diseases and auto-immune diseases accurately.
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The problem to be solved by the present invention was thus to provide a method which allows a
gualitative and sensitive as well as quantitative detection of pathogen or disease specific T cells of
specific T cell populations. A further problem to be solved by the present invention was to provide a
method, which allows the distinction between specific T cells, such as antigen specific naive T cells,
activated T cells and memory T cells, as different specific T cell populations. Furtheiinore, a further
problem to be solved by the present invention was to provide a kit for performing a method for
detection of active pathogen specific infections and disease incidents which relies on the indirect

detection ohactlvate(il [%athrg[) en or, dlsease .spe lflﬁ g cells.. A furthe roblem to be solved by the
tion was'td prévide %]Ig?fglrlspg%fgrmlng FHEYHST8Y ?8?“?%13% 58 %‘?I]actlve and

present invention was

latent infectiainsadddistiade mgidedisswhiab ieliks detdivivindifectdetettiondit aktitatedpathogen or

disease speC|f|c ?ell§ and their distinction from Ny ive and mem rg/T ceI Theg%(goblem nderlying
dl Imn BC 8 lé

the presenfn In Hhon ISSOERRY) tﬁgcsthv@té gt d%? IRedh FAYARES ﬁli‘éo Wﬁll‘éeﬂ ures serve
the purposecdiifsiliushating thesimpentiinmultiple sclerosis or type 1 diabetes, are methods which

are based on in vitro restimulation of memory T cells not or only very limited

employable.

The methods hitherto available for detection of activated CD4" T cells exhibit so far
only a low sensitivity and are thus disadvantageous. The reason for this low sensitivity
is inter alia due to the fact that the pathogen or disease specific activated CD4™ T cells
are directly detected and are typically present only in small amounts in the patient
material. However, this small number of available specific activated T cells hampers
reliable and unambiguous detection which also satisfies diagnostic requirements, since

the detection limit of these methods available hitherto is frequently undercut.

Thus, the methods available so far for the detection of antigen specific activated T
helper cells usually rely for example on the flow cytometry determination of proteins
which are transiently expressed on the Surfabe of activated T cells. To these belong in
particular the CD40 ligand and the CD25 protein. However, CD40 ligand is hardly
detectable by flow cytometry, because the binding of antibodics leads to an
internalisation of the CD40 ligand. In contrast, the CD25 protein may not only be found
on activated T-helper cells but also on regulatory T cells and is thus not suitable for a
reliable distinction between these two subpopulations of T helper cells. In addition, the
enhanced expression of HLA-DR and CD69 as well as a reduced expression of CD27
represent further marker for activated T cells. The detection of activated antigen specific
T cells requires here a parallel marker detection for determining the specificity, e.g. by
using specific tetra-, penta- or streptamers, the phenotype, e.g. by determining
characteristic surface markers, and/or the T cell activation, for instance via the
production of marker cytokines, after a specific restimulation. A further disadvantage of
the methods hitherto known is, that the reliable detection of some marker proteins by
way of ELISA, ELISpot or FACS technology is impossible duc to the membrane

localisation of the marker proteins, the presence of preformed marker proteins in
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Figure 1 shows a schematic representation (A) of the principle of hitherto used technologies according
to the known prior art and (B) according to the inventive method for detection of specific T cells. Figure
2 shows in a dot blot graph the number of B cells with intracellularly detectable 4-1BBL protein in
cocultures of ex vivo preactivated ESAT-6/CFP-10 specific T cells and PBMCs of a blood donor with
latent tuberculosis, wherein the cocultures were stimulated or not stimulated with ESAT-6/CFP-10
fusion protein. In vitro expanded preactivated ESAT-6/CFP-10 specific T helper cells were mixed 1:1
with autologousdBMCssinitwend dochipiredipepresenns oitabsehca alhbl igimibeSAsTw6ECFP-10 for
18 h. Duringeimglg%&g hsthe protein secretion was inhibited with brefeldin A. The detection of
intracellular 4-1 in B cells was done by flow cytometry. Figure 3 shows in a diagram the relative
increase of the 4-1BBL mRNA synthesis in ESAT-6/CFP-10 loaded PBMCs in comparison to unloaded
PBMCs aftet coculture with autolggous in vitro.expanded preactivated ESAT-6/CEP-10 specific T
helper cells‘??El as de %Fm%lg% k%ynﬁcﬁ-%ogéﬁ.n Etreos?'ﬂ)‘/x%éigf]ataﬁép ngﬂ(fys& 8?% %)o%gge\f\ﬁﬂg%tﬁa%régn%ﬂ
tuberculosigundiectiepasidie Thotlbated farob2, hebirs withatyighh b ESRATGIC FR4L handisulbsequent

thereto cocultivated in a ratiq of 1%9 vith ex vivo expand utoﬁ) ous ESAT-6/CFEP-10 specific T
helper celld O%%%%?fbsl’et% rgngelﬁ- %tﬁ% %Sﬁé%fﬁge%(}ceﬁ%%en‘ %ﬁ}fg&’g@ﬂ%@ servedas negative

control. At thesasdicatéditieascpoipts.the stimulation samples were harvested and the relative increase
in 4-1BBL mRNA expression was determined by RT-qPCR in specifically stimulated versus not
stimulated cell cultures. The data of the RT-gPCR were analyzed according to the 2-mcg method,
wherein GARB brselaredodiserefbreh by tenerasedthe emsiimutatdaicantrahadecalibediod . Wigtire 4 shows
in a diagraihe.conslation.of e relaliye Ingreass of the 41 RRLMRINA prodyctiondn
ESAT-6/CFP-10 16ade MCSVersus unloaded PEMASWith the nimber of a @e?\gfﬁe%fﬁc activated
ESAT-6/CHERsdBspeuiffc T kelparfcpisias detelimimedhbyrRT-qgPCR. 1 X106 freshly isolated PBMCs of
a donor with a latent M. tuberculosis infection were cultivated with an increasing number of ex vivo
expanded ESAT-6/CFP-10 specific T helper cells in presence of 10 jig/m1l ESAT-6/CFP-10.
Non-stimulateédrtergtobésofeitcldyed $ P BT ssentipyeaittivates (B PATi8QGRIOSpddific Th cells
served as conal, Y Ing NdIcRIEd M Rolnis 2105 cells were ianested and i refatiyg increase of
the 4-1BBL"mRNA Concentration in specifically stimulll'ite cells in c%mpgrlson 0 unstimulated cells
was deternairtechisyl RTeP @R itredytd oflitheaRIiGRCR werefanblydédardtaiding to the TAACq
method, wherein GAPDH served as reference gene and the unstimulated control as calibrator. Figure
5 shows in (A) in a diagram the relative increase of the 4-1BBL mRNA production in PBMC loaded and
not loaded witth &8 Te 640 EFL @O0 okl ¢t dodedtsnhvgdiith thx prescptaattivatedvastodogousic a
ESAT-6/CRR-10 spegific T helper.cells nine RT-gPCR, 1x106 freshly isolated PBMCs of
a donor Witﬁtajﬁ%[e%ﬁ%@gr%%%sﬂgseﬁgée %gc%%ﬁ%égw?ﬁ]% ,‘E?Oéla %(O\%e\)/% I r%%fcflﬁvh %eg(ﬁlt]ggSA?I}g/ CFP-10
specific T hiksescalisdentresbrbereng absbncadofet Odigenib ESAEB/EEPrADoAtRe tgiested time
points 2x10Q; e%‘?ﬁ% xiv%r&%&emoved, pelleted and frozen in liquid nitrogen. The relative increase in
4-1BBL mRNA in specifically stimulated cell cultures in comparison to unstimulated cells was
determined by RT-qPCR. The data of the RTqQPCR was analysed according to 2-4ACq method,
wherein GAP eferenc e ' ontrol.as calibrator, (B) shows in a
diagram th?re atzlr?/&er\ilﬁigr%%aglgge {)gf t %?%%%9 r?l N%E] &%gﬁgﬁi@}ﬁ 0§ (%%Srstg id ﬂ}'féc{go%u ivation of
PBMC, loagedwrng |eatethwdtH & SHifeataiRn - 101anittiserdVinei pee andivitett auidgaasand
ESAT-6/CER- i r cel termined T-qRPCR: 1x106 freshly isojated PBMC of a
donor ith S et e e B B e AR o
specific T hpipenedllsabs prabdroedasithethee foeofd oepghh BESAY -BIEER-10. At the indicated time
points 2x105 cells were removed, pelleted and the relative increase in IFN-y mRNA in specifically
stimulated cell cultures in comparison to non-stimulated cell cultures was detelmined by RT-gPCR.
The data offierRoblgPCRAgEFengrthlypesaat dordiriprol2 spiCedrhethecwiercinaGaRBiH sbved as
reference ggpe@pgthe unstimulated control as calibrator.

The following figures serve the purpose of illustrating the invention.



Figure 6 shows in a diagram the antigen specificity of the induction of the 4-1BBL mRNA synthesis by
activated Th cells as determined by RT-qPCR technique. Pre- activated ESAT-6/CFP-10 specific T
cells show in comparison to expander beads preactivated non-ESAT-6/CFP-10 specific T cells a
significantly improved capability to induce the 4-1BBL mRNA production in with ESAT-6/CFP-10
stimulated versus non- 11

Figure 1 shows a schematic representation (A) of the principle of hitherto used
technologies according to the known prior art and (B) according to the inventive method

for detection of specific T cells.

Figure 2 shows in a dot blot graph the number of B cells with intracellularly detectable
4-1BBL protein in cocultures of ex vivo preactivated ESAT-6/CFP-10 specific T cells
and PBMCs of a blood donor with latent tuberculosis, wherein the cocultures were
stimulated or not stimulated with ESAT-6/CFP-10 fusion protein. /n vifro expanded
preactivated ESAT-6/CFP-10 specific T helper cells were mixed 1:1 with autologous
PBMC:s and were cocultured in presence or absence of 10 pug/ml ESAT-6/CFP-10 for
18 h. During the last 16 h the protein secretion was inhibited with brefeldin A. The

detection of intracellular 4-1BBL in B cells was done by flow cytometry.

Figure 3 shows in a diagram the relative increase of the 4-1BBL mRNA synthesis in
ESAT-6/CFP-10 loaded PBMCs in comparison to unloaded PBMCs after coculture
with antologous in vitro expanded preactivated ESAT-6/CFP-10 specific T helper cells,
as determined by RT-qPCR. Freshly isolated PBMCs of a donor with a latent M.
tuberculosis infection were incubated for 12 hours with 10 pg/ml ESAT-6/CFP-10 and
subsequent thereto cocultivated in a ratio of 1:1 with. ex vivo expanded autologous
ESAT-6/CFP-10 specific T helper cells. A coculture of ESAT-6/CFP-10 specific Th
cells and unloaded PBMCs served as negative control. At the indicated time points the
stimulation samples were harvested and the relative increase in 4-1BBL mRNA
expression was determined by RT-gPCR in specifically stimulated versus not stimulated
5-84Cq

cell cultures. The data of the RT-qPCR were analyzed according to the method,

wherein GAPDH served as reference gene and the unstimulated control as calibrator.

Figure 4 shows in a diagram the correlation of the relative increase of thé 4-1BBL
mRNA production in ESAT-6/CFP-10 loaded PBMCs versus unloaded PBMCs with
the number of antigen specific activated ESAT-6/CFP-10 specific T helper cells as
determined by RT-qPCR. 1x10° freshly isolated PBMCs of a donor with a latent M.
tuberculosis infection were cultivated with an increasing number of ex vivo expanded
ESAT-6/CFP-10 specific T helper cells in presence of 10 pg/mi ESAT-6/CFP-10. Non-
stimulated cocultures of autologous PBMCs and preactivated ESAT-6/CGP-10 specific
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stimulated cell cultures. With expander beads unspecifically activated and specifically preactivated
ESAT-6/CFP-10 specific Th cells were cocultured with autologous PBMCs in presence and absence of
10 ug/m1 ESAT-6/CFP-10, whereby different numbers of T cells with Ix 106 freshly isolated PBMCs
were used. At the indicated time points 2x105 cells were in each case removed, pelleted and the
relative amount of 4-1BBL mRNA was quantified by RT-gPCR. The data of the RT-gPCR were
analyzed according to 2-racq method, wherein GAPDH served as reference gene and the
unstimulat&d: celtretastalibreton] Figutte inshowslita duries dabranliheantipernvepatificity of the
induction of 4- s ythesis cli Th cells_as determin d? RT-gPCR technique.
Preactivat&éé%%%%%gé%agooggé%#ié c;ie é\f‘%@ uc"é’%"rﬁ?}ﬁﬁ%ﬁgﬂﬁ-ﬁ%ﬁfﬁﬁ? %Sst %Sﬁég %elgﬁl cultures,
but not in BEBYWBPhFEDHCMYppEsipicEin stimdiatedicell bylRifegPAIRNTieadad ufdhetivh-of 4-1BBL
MRNA pro j 1 Cs.of a.donor with sistent M. tuberculosis,infection were
cocultured%atgf?g%%% 7%%%%%réa§§%@§tg§d t%syklei'- /CFPI?L%)%Q%éCi\ﬁ&é ‘'te 2‘ %%%%Wgév éf10 ug/mi
ESAT-6/CF¢e@nEBYBZIE| the OMNpIREEd Asnardlicthealdontrol served unstimulated cocultures of
preactivated T cells and PBMCs. At the indicated time points 2x105 cells were removed from the
sample in each case and the relative content of 4-IBBL mMRNA was quantified in a RT-gPCR. The data
of the RT-dROR: WerhawmalyzedhaceoringgmthetRerasktj methodawhefeineGAPEBL wa® Nged as
reference alo R ' trol was,used. as.calj igyre 8 shows in a further
diagram th%?gﬁ%%%%l Egeglﬁf%g%k? '[Eﬁég %18(1{{18%\:11/%9 ?1&1%& gﬁ%ﬁrﬁt gﬁﬁgglg i g%tf\?gfgwgcells as
determinedvity RF-gP@Rpsehiigies. Rneaotivate EESAT/EIEIFPO10pcEBY BZhElpeandiGVAY

pp65-specific Th.cells;shgy-oply-an NGk 2d induc f4s\BBL NA production in cocultures
stimulated wit%e%r respecti ?argeitxgr(ﬁ%%%gh&)%%%@r%wﬁcﬁgg%s%%ﬁe‘f‘ﬁg]ucaticl)%?eo
4-1BBLmMRMxIsphtkig sistsyoCiyuppb 5 tE B0, BIL&1vandpheatibyeted BS 8 TESATFI6 ORPetTispecific Th

cells in (A)-wj r ' 6 -10,~(B) CMV \ BZLV1 loaded PBMC as
determineﬂ%gé%c%%g nglﬁ%e%&%%é% %(%g%%moi @BK%%@E?%?&M@@\% %h‘%%?f?go ex Vivo
expanded PpBSPBZIsF1AA) ESBTWEICFErDO eheptieEh eells fropresantquddchitas:encoTiieol - in
absence of | h. Iml, ESATBICRP-10, (B) pp6s or LF1. At the indicated time
points 2x1(;)é5ﬂi§eﬁlé; \}\geé&r%%fle%nqogvg%f %rom thrgqégr%pllen, tk%%%téﬁ%i(lé%%ﬁa?e%aﬁaﬁitracﬁ%%ﬁ%sedl fhto cDNA
and the relegiipaso et ohstibBBitah RN gaantifiedniyed dy ok RTR{FCRhARlySis wees Ribne
according - i BD ference ‘ d the unstimulated control as
calibrator. %&%%%%%%gﬁg;%%gg@g%ﬁfﬁcre’ggg?gﬁﬁekgéeﬁ%i%{eﬂ g[gﬁtﬁgr}fr?\#eﬁsti\rlee%éﬁﬁnfemethod by
using a MHEn¢ ot Kirg wrtibodyted/ 6f32) ] ass detébmined By RibgP @R UinlpadethP BMEsor loaded
with 10 ng# I SRRU ith jn.vi ivated BZLE1-specifi Isin
presence a{%%t%/e%?g %?f F1\@(()}ej{|;g/m1 of Iﬁ@ﬁc‘%ﬁ%@ﬁﬁ%@a&g&%éé?/\%%cfc}i}tﬁt“ae{%?nnd Pc%%eﬁdl\(]tl%e points
2x105 celldoadsd @mivvedoagertielRNESPUrHfiddrEtlanaijizedrwitty RTeqgRBRdé clmologyuData of the
RT-gPCR welerapalyperha j : hereip,C H dsed. as reference
gene. Figu%eglo' e frl\) (%%gzg%? i Sfagrggﬁﬁgt%%%%n%tr? A {%’;3 ?&Ptclv%e tﬁvqe%ml}%rggll}zyexhibit in
pomparisqﬁ@%ﬁ@énﬁ@@ﬂt@f%ﬁ@[&teﬁtm latsaictibeisuilvfgstiose(G)caltreeded B iAfedtian, as well as
in comparisp fadéb0selifvdenare anigAsale inerRee Al Rl ndugipn ol BBt TIRNA

production in specifically stimulated PBMCs in compariSon to unstimu ate EEFrom reshly
isolated, heparhiZed IWbibiE bbb o thkredicaledaathyeotio?s Hbtdele stetbwithoXkdupadtettbsis (p012,

PO10, po0g), G healily AafaEsith arRienpikRercHosieelion (ROA%AC0S, RAREL.(G) donors,

which have been treated with medicaments due to an a rculosis in the last 6 months prior to
examinaticiP{HBIEop 0N pogB) alatkdDet ondie ovith andataivenad dnc RIsid pRortbeodatharfly after

initiation o 1 h V. BMGC re;i ingubated in presence or
absence O%ﬁl&(?}%ﬂ@gnﬁ%gr&g/éﬁg 1(%?1?%9%%9 %gétlraol PBE/IH\CQZ%(%% gg}g}cgtgld@ggﬁg ﬁ?Vggr%gr)legative

donors weFefemfa R with the wephmuladsaaalsi¢dibtelier (p005, p008, p007, p006, p003) or
bovine serum albumine (p001). At the indicated time points cells were harvested and the expression of

4-1BBL in stimulated and non stimulated cells was determined by RTgPCR. The results were analyzed
with the 2-Friggrenethber & PP Hiasppe dhigsadferanseegéisgy of the induction of the 4-1BBL

mRNA synthesis by activated Th cells as determined by RT-gPCR technique. Pre-
activated ESAT-6/CFP-10 specific T cells show in comparison to expander beads
preactivated non-ESAT-6/CFP-10 specific T cells a significantly improved capability to
induce the 4-1BBL mRNA production in with ESAT-6/CFP-10 stimulated versus non-
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Figure 11 shows in (A) to (C) in diagrams that tuberculin PPD stimulated PBMCs of a donor with an
(A) active tuberculosis exhibit in comparison to PBMCs of a donor with (B) a latent M. tuberculosis
infection or of (C) a healthy donor an increased relative induction of 4-1BB mRNA production in
specifically stimulated PBMCs in comparison to unstimulated PBMCs. 1x106 freshly isolated PBMC/inl
of donors with an (A) active TB, a (B) latent TB and (C) of a donor not infected with M. tuberculosis
were stimulated in each case with 10 jig/m1 ESAT-6/CFP-10 or tuberculin PPD, respectively, or - as a
positive costirollawighcgifigidreMWitnamysiter Atide indieatdttdlineappintsDmby196aelsivere

removed and store - N A was isolated from the cells and transcribed jnto cDNA and the
content of Rﬁ%@ﬁ%ﬁé&i%%@@%ﬁﬁ% B%?E{i% ﬁg’ﬁ e ara f/%ﬁgﬁgého%ﬁ%f%g%%lﬁfthe 2-AAcq
method byinging@SPDH dsceferefite gend &S he Qistimulatd-donticfaentalibrates. figure 12
shows in (A)and (B),in. diagrams the un ific induction of 4-1BBL mRNA production in RPBMCs of a
healthy vo|ﬁzr%?seé"’r‘g§tle%ﬁsgt?n§lﬁsj? ﬁsw@v.%ﬁefﬁgf‘%tfw;\%%%d% it gﬁ%?“@%?%‘i?é’%&é%ﬂ (B), in
comparisordidsthengnistinaglatedcontoledspdttecthined thy RTagRCR duieshiyiisoiateddRBMCs of a
healthy volunteer were incubated.yyith in.each ca jigim1 PMA/lonomycin in (A) or, with 5 pg/mE
PGE2 and apsag(}‘r% %%g%bgfﬁge ?rﬂw}%ﬁc%&ftead%slfren%eép%i{rg%ﬂg. xﬁéecaﬂéfwgﬁé%%%w&%fﬁelleted and
stored at -80C UmtitthrthevheseinTotPRN Acvas isoteferbfrengéhe oallshanchianstiRbdomi@IcDNA.
Then the a %%r{%r%(cﬁ;lBBL cDNA was determined in a RT-qPCR. Analysis was done according to the
tho i

2-AAcq me y using GAPDH as reference gene and the unstimulated control as calibrator. Figure
13 shows in a diagram the influence of various reference genes on the determined relative increase of

R T e TR S i Y i

imu
ESAT-6/C specific activated T cefis an 0 f%éed
tuberculosis AN detemtined ByyRIGR@RI FréshiylisotatedtRBME oba doheP@ith eplerkjstent

tuberculosi incub j tivated.ESAT-6/CFP-10 specific Th ' e and
absence OF i%%%%%?ﬁs%%&??ggm%ﬁﬁl At the I 1|caf}é1 %?r%eoaéfntg]oﬁé%g(?g@g \;\)z)re removed,
peletted anéstdnte atel80T untd, fonthertliscE BBt HNA wa€ Mblaiptisiinotdinescetisiasd twnscribed
into cDNA. the.content; of 4-IBBL S tunned by RT- alysis . was done
according %E ftﬁl-:-% ianr}lé%%ﬁ%%ﬁ%gl é&%%g%%ﬁ g% Igﬁg%@éﬁ%f&%&@?g%ﬁ%og% the
unstimulatedtbontrokesstalibrforigurdr 4 sindwes@an amplificatidnpiot ofth reabtimeP@R for the
identificati ' reference.gene for the RTT method. On the y-axis thy ification cycles
(Cq) for 7 %g?%%%%gggﬁfe%égﬁﬁ%nsﬁ & ?%%tlmu(fgltl%ﬁnc%%gﬁ%ﬁsofu?n%/ﬁl ﬁ? u é?gﬁﬂtﬁ&&fﬁh (PPD),
ESAT6/CFRLG:HPMBAbRbrow €il] Mnepéiemplafilytiitustoated ietriglicatesifdnede-sanptes The enlarged
section sh e j jon conditions, fqr.each of th gdata points. On the x-axis the
plate posit%pr%%gﬁ stﬁ%&ggvg\%é?ﬁ gf%?éﬁu%%%bg‘tte%? i§§‘°§6 %F%ﬁé’ 13 gﬁjﬁéo‘fneaf ﬁﬁﬁ;ﬁﬁ%@:‘?
aminolevulinarethdeitamplyintiage EsGarDiK: glyteratdetmd e piRBphaRkNde hydrogenitel GUSB:
glucuronidgse betds , r ylhilape synthase; HPRT |.: hypoxanthire
phosphoribosyﬁg&?gg%i%g%%gﬁ%{:\gﬁy %@gm&}{e ng? % iil%%”&%??@tﬁ%%ceta?ﬁ%ﬁ Tuberkulin
PPD; RPLPOsisoSei 8 hrotsinstdrge r@OeiaRtaA: TATADoxsbindlagproteivl( FBPragsaciated
factor, RNA,pglymerase I, A, 48IcDa; unstim: unstimulated.

Figure 8 shows in a further diagram the antigen specificity of the induction of 4-1BBL
mRNA  synthesis in activated Th cells as determined by RT-gPCR technique.
Preactivated ESAT-6/CFP-10-, EBV BZLF1- and CMV pp65-specific Th cells show
only an increased induction of 4-1BBL mRNA production in cocultures stimulated with
their respective target antigen. (A) to (C) show diagrams of the induction of 4-1BBL-
mRNA synthesis by CMV pp65, EBV BZLF1 and M. tuberculosis ESAT-6/CFP-10
specific Th cells in (A) with M. tuberculosis ESAT-6/CFP-10, (B) CMV pp65 and (C)
EBV BZLV1 loaded PBMC as determined by RT-qPCR. In each case 1x10%ml PBMC
were cocultured with about 70,000 ex vivo expanded pp65, BZLF! and ESAT-6/CFP-10

specific Th cells in presence and - as a control - in absence of in each case 10ug/ml
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Figure 15 shows the increase of the relative expression of the RTT marker gene 4-1BBL - also termed
TNFSF9 - in samples of actively or latently infected TB patients as well as of healthy BCG vaccinated
or healthy non vaccinated volunteers after stimulation with tuberculin PPD in comparison to the
respective unstimulated samples. The values were normalized against the reference gene TAF1A
(2-1cqg). Per sample 5 x 106 PBMCs were stimulated in B cell medium with 10 ug/m1 tuberculin PPD.
Active: patients with an active tuberculosis; latent: patients with a latent tuberculosis; BCG: Bacillus
Calmette-Gifekifi; mﬁeﬁmﬁwﬁami(@)m tbérewosiaitddglre 3;6iﬁﬁomaheeimlueme of

different cell cultu aon the relative | the exp eSS|on als of LEN-7 - also termed
IFNG - in PBMCTS oﬁg Iflenef Rl Ia%ten?r‘ti"r]BClg‘gﬁl ?fﬁy \3}8%&%@% Fent lﬂ#ﬁl%r?%}it tuberculin
PPD in comanimnoﬁumsifmmmd We&mﬁﬁwmwm RgaqPSIH'AExLaﬁ}yﬁsaeﬂsrﬂ@ﬂwm
(BZmM-O, B ceII ed|u haut | é ser UltraCULTURET" um (Ultra) of LONZA
and AIM V TRét |u W of In{ﬂﬁ% géwgsr‘&% é%g gatfre 7 EEWEHE" Eﬁﬁ%ﬁ%ﬁ ent cell
culture medtmﬁn}timcaem‘t/ﬁmcrease of the expression signal of 4-1BBL - also termed TNFSF9 - i
PBMCs of patients with a latent TB and healthy volunteers after stimulation with tuberculin PPD in

comparison to unstimulated samples and normalization against TAFIA. B cell medium (BZM+), B cell
medium withguitel R-¢h (BZ M )y deitromfthe M&r@ﬁdﬂfﬁhﬂ%ﬁﬂmimgdmm&h%ﬁtafdmzﬁe@mmAlM \%

medium (A]JMV).of in ere used..Figur ws the resul r etection of
the relatlvgbl crge eef\lﬁr?pi ge&l(%\géﬁ%lﬁ%fi i ﬁe@qeg"& ég(ﬁ; liaRatels ?&A{%ﬂ%%t@?‘%&%ﬁf
reference gas{{is adrlrikmquGﬁthaﬂrﬂalegIeﬂ) IEBOONpALBON mltaeckeﬁpmﬂ&e\diﬂlplex reagtions (right).
Unst.:.non- stimulate tuber. PMA: horbol rlst ycin.
Figure 19 SAGWS %(?e}ﬁ:f\?elm Fgése w%l e")?prgesqs o of the g ne§ Lib@e}@(éeg&%& LIO,
CXCLII in $aoeples mmhé@IWMGJuAneéfeandmﬁaiaammomﬁh alatenicTIB after ﬁmmukailaﬁtiwith
tuberculin PP com rison to the respeciti ed Sam PCR was
R R R B R e R B v

performed usmg greens ehx: aX|s &egf’vely, are
plotted. Thenplgxig smmmlgeaelatixxé%mmmmmsemma@; ﬁ@&s&&&ﬁihjﬁa&l@ﬁ&ette@uerin,
attenuated living vaccine against tuberculosis; CXCL9 to Il: chemokine (C-X-C maotif) ligand 9 to 11;
FCGR1ABC: Fc gamma receptor 1 A, B, C. In the context of the present invention a "T cell population™
is understoBigtoebid) ssldefinad Group (F)Ticelisgrithsathartioularsphghatype. active tuberculosis

exhibit in comparison to donors with (B) a latent M. fuberculosis infection, (C) a treated
TB infection, as well as in comparison to (A) healthy donors a measurable increase of
relative induction of 4-1BBL mRNA production in specifically stimulated PBMCs in
comparison to unstimulated PBMCs. From freshly isolated, heparinized whole blood of
three (A) healthy donors not infected with M. tuberculosis (p012, p010, p008), (B)
healthy donors with a latent tuberculosis infection (p009, p006, p0053), (C} donors,
which have been treated with medicaments due to an active tuberculosis in the last 6
months prior to examination (p013, p014, p003) and (D) donors with an active
tuberculosis prior to or shortly after initiation of the causal therapy (p001, p004, p007)
PBMCs were isolated and incubated in presence or absence of 10 pg/ml ESAT-6/CFP-
10. (E) As a control PBMCs of selected donors HIV seronegative donors were
stimulated with 10 pg/ml HIV p24 capsid protein (p005, p008, p007, p006, p003) or
bovine serum albumine (p001). At the indicated time points cells were harvested and
the expression of 4-1BBL in stimulated and non stimulated cells was determined by RT-
gPCR. The results were analyzed with the 2°“% method. GAPDH served as reference

gene.
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T cell populations according to the present invention are in particular naive T cells, activated T cells
and memory T cells. In the context of the present invention the tem; "T cells- is understood to referto T
lymphocytes, such as CD4+ T cells or CD8H T cells or a mixture of CD4+ T cells, and CD8+ T cells,
respectively. Herein the group of CD4+ T cells encompasses, T helper cells, such as T helper (Th-1)
cells, T helper 2 (Th-2) cells, T helper 17 (Th-17) cells, CD4+CD25s regulatory T cells (Treg), Tr 1
cells and T helper 3 (Th-3) cells. The group 16

Figure 11 shows in (A) to (C) in diagrams that tuberculin PPD stimulated PBMCs of a

donor with an (A) active tuberculosis exhibit in comparison to PBMCs of a donor with
(B) a latent M. tuberculosis infection or of (C) a healthy donor an increased relative
induction of 4-1BB mRNA production in specifically stimulated PBMCs in comparison
to unstimulated PBMCs. 1x10° freshly isolated PBMC/ml of donors with an {A) active
TB, a (B) latent TB and (C) of a donor not infected with M. fuberculosis were
stimulated in each case with 10 pg/ml ESAT-6/CFP-10 or tuberculin PPD, respectively,
or - as a positive confrol - with 1 ng/ml PMA/Jonomycin. At the indicated time points
0.5x10° cells were removed and stored at -80°C. Total RNA was isolated from the cells
and transcribed into ¢cDNA and the content of 4-1BBL. mRNA was quantified by RT-
qPCR. The analysis was done according to the 272*““ method by using GAPDH as

reference gene and the unstimulated control as calibrator.

Figure 12 shows in (A) and (B) in diagrams the unspecific induction of 4-1BBL mRNA
production in PBMCs of a healthy volunteer after stimulation with 1 pg/ml
PMA/lonomycin in (A), or PGE2/¢-CD40 in (B), in comparison to the unstimulated
control, as determined by RT-gPCR. Freshly isolated PBMCs of a healthy volunteer
were mcubated with in each case I pg/ml PMA/Ionomycin in (A) or with 3 pg/mL
PGE; and 2 pg/mL -CD40 (B). At the indicated time points 0.5x10° cells were
removed, pelleted and stored at -80°C until further use. Total RNA was isolated from
the cells and transcribed into cDNA. Then the amount of 4-1BBL cDNA was

2-AﬂC€]

determined in a RT-gPCR. Analysis was done according to the method by using

GAPDH as reference gene and the unstimulated control as calibrator.

Figure 13 shows in a diagram the influence of various reference genes on the
determined relative increase of 4-1BBL. mRNA production in ESAT-6/CFP-10
stimulated versus unstimulated cocultures of ESAT-6/CFP-10 specific activated T cells
and autologous PBMCs of a donor with a persisting tuberculosis as determined by RT-
gPCR. Freshly isolated PBMCs of a donor with a persistent tuberculosis were incubated
with preactivated ESAT-6/CFP-10 specific Th cells in presence and absence of 10
ng/ml ESAT-6/CFP-10 protein. At the indicated time points 0.5x10° cells were
removed, peletted and stored at -80°C unti] further use. Total RNA was isolated from
the cells and transcribed into c¢cDNA. Then, the content of 4-1BBL c¢DNA was
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of CD8+ T cells comprises CD4-CD8+ cytotoxic T cells and T cells, which exhibit a CD4-CD8+
phenotype (CD4-CD8dmi, CD4dimCD8blght or CD4bCD8Db). In the context of the present invention a
naive "T cell" is understood to be a T cell, which exhibits a certain antigen specificity, which however
has not yet had the first contact with its antigen. Naive T cells such as naive CD4+ T cells exhibit for
example CD45RA as marker on their surface. In the context of the present invention an "activated T
cell- is understood to be a T cell, which is on basis of a naive status prior to a first antigen challenge
stimulated &ytdhmifiest aniRgenRORtathaf e Waselbrecepiodifipeaekogritichmémqieptideipgesented on

MHC mole he_T ce tor leads to a so-called crosslinking,(Crossjinkin xI)gof the T cell
recoptor, AT R LT A8 S5 G GHERS W R Hidaatea by the

interaction of costimulatory molecules and their ligands on the APCs as well as on the T cells. This

activation leads t ignal casca ithin the T cells and.eve lly to a proliferation and the
developme%’lgblf ?/%ﬁ o%lg}gﬁea&oarr?gﬁg%ﬁg? IRF% 8?[?% n ,e %?ccgf\l}&?e%gﬁcéfstg?elgﬁg}é%?éﬁ?e bay the
transient exprebsionfofcaharaciefistit s Rrfacen aoddc Glesheughids theds R4l igand cdelB B L D69 and/or

CD25. Thefggt}vau[on oE naive T cells towegds ac%tlvafed T cellai 1fter éhe fll’S%ﬁ?ntl en conéﬁct on the

surface of a pro1pe°sg%inaaIr'ﬂélrﬁairieg"]necrfl3 Fgggﬁﬁnarc%ﬁ i %%Or% ened 84 “npSF?FH St‘?grﬁ%bﬁg? Nactivated T

cell" is syngPyo BSW ERACTE? i), @fd atdorfoandiapmprisesraiboimdinetyaled alis sipiciieallisreactivated

in vivo by renewed contact V\fith it an;[l%en In the context of the pre ent invention a memary T cell" is
Go?e Bam&)ﬁe eerharﬁe% SCC nnshé)WS ?.Se uence o1 st u?tatmn. Conaitlons ror cac.
understood to be cell, which alfeady had specific antigen contact. Memory T CEllS are

characterizeftithy EbdetalsunfacOmbrkeraxdudic pRASREIIGDd4 thndb-selbelite iz théicandext of the
present inviesg‘gi%r}ggg{;[ 1£m1"83§1ti19§c?s r%%?eﬂtl@g;ce\”ﬁz&%?%Mlsnolevulinate, delta-, synthase 1;
GAPDH: glyceraldehyde-3-phosphate dehydrogenase, GUSB: glucuronidase, beta;
HMBS: hydroxymethylbilane synthase; HPRTI1: hypoxanthine
phosphoribosyltransferase 1; Iono: Ionomycin; PMA: Phorbol-12-myristat-13-acetat;
PPD: Tuberkulin PPD; RPLPO: ribosomal protein, large, PO; TAF1A: TATA box
binding protein (TBP)-associated factor, RNA polymerase 1, A, 48kDa; unstim:

unstimulated.

Figure 15 shows the increase of the relative expression of the RTT marker gene 4-/BBL
— also termed TNFSF9 — in samples of actively or latently infected TB patients as well
as of healthy BCG vaccinated or healthy non vaccinated volunteers after stimulation
with tuberculin PPD in comparison to the respective unstimulated samples. The values
were normalized against the reference gene TAFIA (27*°%). Per sample 5 x 10° PBMCs
were stimulated in B cell medium with 10 pg/ml tuberculin PPD. Active: patients with
an active tuberculosis; latent: patients with a latent tuberculosis; BCG: Bacillus

Calmette-Guérin, attenuated live vaccine against tuberculosis.

Figure 16 shows the influence of different cell culture media on the relative increase of
the expression signals of JFN-y — also termed /I'NG - in PBMCs of patients with a latent
TB and healthy volunteers after stimulation with tuberculin PPD in comparison to
unstimulated samples and normalisation against TAF/A. B cell medium (BZM+), B cell
medium without IL-4 (BZM-), serumfree UltraCULTURE™ medium (Ultra) of
LONZA and AIM V medium (AIMV) of Invitrogen were used.
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understood to refer to cells which are capable of taking up polypeptides, processing them and
presenting in combination with MHC | and MHC Il proteins fragments of said polypeptides, the
so-called epitopes, to the immune system. The te,in "antigen presenting cell" comprises in particular
so-called professional antigen presenting cells 17 such as dendritic cells, monocytes, macrophages,
non-professional APC, such as B cells, but also vascular endothelial cells, fibroblasts of the skin,
epithelial cells of the thymus or the thyroid gland, glial cells of the brain, beta cells of the pancreas as
well as vaskigareertlsihetiuhe ceflseNNerc-padfessinnaliARGE e xpressoih enMidaiimolectdes of class | and

II, which are required.for the interaction with. T cells, ré}ﬂg} activation by cytokines such as IFN-y. In
addition,T%SII% nay act 4 3’{;%%?!—3} : E?@S%ﬁ’g‘*ﬁ% 9gé%€§ébc%fﬁ@aﬂﬁpé%§‘ﬂmaar transfer of
MHC classlitandTBmoieeeizbyasowvelkas afieostimulaton witlegies: 1 PICDBGdaR48stigand (CD4OL),
i - j - ith.an APC, i ticular a
0X40 ligang (A0 #0008 Jarnd (BB, INCSERM fysio SpIagt MR A5, nparte
medium without 1L-4 (BZM-), serum-free UltraCULTURE™ medium (Ultra) of

LONZA and AIM V medium (AIMV) of invitrogen were used.

Figure 18 shows the results for the simultancous detection of the relative increases in
expression of INISI9 and JFNG with normalization against TAFIA4 as reference gene
in a triplex qPCR sample (left) in comparison to the respective duplex reactions (right).
Unst.: non- stimulated; PPD: tuberculin PPD; PMA: phorbol-12-myristate-13-

acetate/ionomyein.

Figure 19 shows the relative increase in expression of the genes FCGRIABRC, CXCLY,
CXCL10, CXCL11 in samples of a healthy volunteer and of a patient with a latent TB
after stimulation with tuberculin PPD in comparison to the respective unstimulated
samples. The real time qPCR was performed using the SYBR green system. On the x-
axis the genes and individuals, respectively, are plotted. The y-axis shows the relative
increase in expression (2ACq). BCG: Bacillus Calmette-Guérin, attenuated living vaccine
against tuberculosis; CXCL9 to 7/I: chemokine (C-X-C motif) ligand 9 to 11;
FCGRIABC: Fc gamma receptor 1 A, B, C.

In the context of the present invention a ,.,T cell population® is understood to be a

defined group of T cells with a particular phenotype.

T cell populations according to the present invention are in particular naive T cells,

activated T cells and memory T cells,

In the context of the present invention the term “T cells* is understood to refer to

T lymphocytes, such as CD4" T cells or CD8" T cells or a mixture of CD4" T cells, and

CD8" T cells, respectively. Herein the group of CD4" T cells encompasses, T helper

cells, such as T helper {Th-1) cells, T helper 2 (Th-2) cells, T helper 17 (Th-17) cells,

CD4'CD25" regulatory T cells (Treg), Tr 1 cells and T helper 3 (Th-3) cells. The group
16



In the context of the present invention "marker of the APC" and "marker of the T cell" respectively, is
understood to be a nucleic acid, in particular an RNA or a DNA, or a nucleic acid fragment.
Furthermore, a "marker of the APC" and a -marker of the T cell", respectively, is also understood to be
a peptide, oligopeptide or a protein. According to the invention it is contemplated that the expression of
the marker is detectably increased or reduced in the APC after a specific recognition of the antigen in
complex with MHC molecules on the APC by an activated T cell. According to the invention it is thus
contemplatefiCihat thedharkenpfithe ABCIPRIdugrebhictleantigen speeiiic warctiagnsf the activated
T cells wit and thereb gua the context of the present
invention ' }lbl]g ﬁ%@ aﬁ’é‘@“ﬁ&‘{}’c"ng#@ arkég) dr{ v%ly, r&ﬂi%p@é%h to be the change in
expression of the marker. In case the marker is a nucleic aC|d "induction” is according to the invention

derstood to be th dord d producti RNA of
Furtormor, VRGN 1 DREFEI50a Seabiting B0io Fretah BHECHHb P bciibton of a

gene, for mslﬁwinepbymyaoéene&hwhaﬂgﬁn Ewﬂfecfmorerhuaﬁhmmtﬁxmf tae f,)ée?pﬁﬂt Ry enRtion
“induced" is underst od to refer tq the i | r decreas CF ciaggproteln Hereby, the
I

expression S tH& P elrﬁ’ AEiESke lgﬁ 86 ||S§§ "8 c AR Ehe context
of the preséitdaRentiom aiéanii gt sanfardicularly understood to be a proteln, a polypeptide or a

peptide. An antigen is in particular a polypeptide sequence, which is taken up by APCs, processed and

whose fragments, the so-called epitopes, are presented on MHC molecules to T cells. An antigen is in

particular diseha peptidecfithichrisgresentediogethenwithi MkdEImelesidesdodlicels: Inaddition, an

antigen is quelrstood g) be a.RNA, DNA or an extpéresfilon asml ?ﬁlch encodes % lypeptide. The
su

term 'expreSBion BISEE bP e BRO H Ve BT 18R, FRtdre g Alny ﬁg Y EPEated
construct féirsntadgeingandtexpresSing:n uete:g@cnd&meeﬂgmﬁw reSsipapRiigfeaiadorsaxample

bacterial p ds nd MIDGES, |ru deriv Ia mds |ds C ids, hacteriophages or
artificially pro tice 61nu qk/lel[c% % S suc a8 %?l(:la c%r8r%§ ‘f%g% V@éfwmﬁﬁ m ontain one
or more sedﬂctﬁuaﬁﬂwmﬁkeesepnothemﬁmm pfdimmmefmlﬂverahﬂnaﬂi@teﬂfr "palynepfiggioisiunderstood
to be a polymer. of amino. acid le h Th hras tlde" co es also the tenns
target eplt%/p%nal @Begpl(sepﬁn% "1%%;}%@?% Jberr ﬁnp%%yé) F?&yagﬁ'@rg T %ﬁ Ehtides.
Furthermoltzainis expiies 280 ¢ polypdpiidet &ie@mmmﬁasmlmiyném whiieh.Pxhibitde

posttranslatl al mo |ca ons such sylatlo etylation p osphorylatiops, carbamoylations
and similar n?tgdl f@at?gns , %lﬁgﬁnt ixpres fgﬁéﬁ%%ﬁ% ?s K&%’ Ebp reteP4tso to

polypeptldeﬁﬁeammclﬁmxhdmtsome addnore, aamﬂmgeéslbfcaﬂnm@mmﬁw@has for exampheiagn-natural

amino acids e E Wlth supstituted link as well as ot odification #o the prior
art, wrespec%é) %1%?20 %et‘ﬁerst %ngc%cfrzﬁg?urai os}lga?rle oft lﬁ%ﬁa %l’gzlnf e#’yeﬁég -epitope”
as used heredorefdps §o Apostionatba pﬁhyqneptlﬁe;e\wmrmjwerdnmmmﬂg@lcensoﬂeﬁleﬁeaﬁmserves for
example as r niti ite ch lIs or.imm ob I|n Accord| to t sent invention epitopes
are for examgﬁs ﬁoosngaﬁgﬁ?o%s i ‘i%’éé‘l’ 3S?Svquh are et Iéer?&ne rﬁr%ar’?g {:élﬁ’gr %ﬂ% as for
example CB4pTihnalger ”c“hdalseﬁDS’emymdﬁccﬁufeﬂs sﬁDé?ﬁaB&ﬁhmthytﬁi@xlgeTfeaHs,T cell“

and comprises also memory T cells specifically reactivated in vive by renewed contact

with its antigen.

In the context of the present invention a "memory T cell” is understood to be a T cell,
which already had specific antigen contact. Memory T cells are characterized by special

surface markers such CD45R0, CD44 and L-selectin.

In the context of the present invention the term “antipen presenting cell” (APC) is
understood to refer to cells which are capable of taking up polypeptides, processing
them and presenting in combination with MHC I and MHC 1I proteins fragments of said
polypeptides, the so-called epitopes, to the immune system. The term “antigen

presenting cell” comprises in particular so-called professional antigen presenting cells
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CD56-CD8+ as well as CD56-CD57CD8+ NKT cells or CD4+CD25+ regulatory T cells. An epitope
may comprise 3 or more amino acids. Usually, an epitope consists of at least 5 to 7 amino acids or,
which occurs more frequently, of 8 to 11 amino acids, or of more than 11 amino acids, or of more than
20 amino acids, more seldom even more than 30 amino acids. In the context of the present invention
"reverse transcription quantitative real-time polyrnerase chain reaction, RT-gPCR" is understood to be
a method, which is based on the conventional polymerase chain reaction (PCR). In addition, RT-gPCR
allows, besides amgdifibation;ciisadsitionyadso @ guapiificatiamofietargei A skel thispurpose the

total RNA is isolated from the materjal tq.be examined and in uﬁ)at d with.a antigen and is isolated in
comparisoﬁe#r?(%‘rr;%ﬁn%{‘?’r%ly% B0 s éﬂ%\ or mcgéiesﬂ?f%ﬁ% %5&%8%\} f gﬂ?rr%‘?é@ﬁ?f? ﬁf’%seﬁ,?é d is then
transcribedliptousDNAdriteysiub seaub i g veibeolf dasbriptichete actions Bie yaingspesificepriners the
target sequence is then lified jn t PCR. For ification of the target sequence several
methods mvfﬁ%leaﬁfﬁﬁgag g#%énmcgé%‘s}iﬁ%ﬂéj WAy af a%g%}rﬁégtﬁ?ﬁgsﬁs@ﬁ% Wécﬁharﬁﬂ“fﬁfo?éscent dyes,
such as SXBiss §reehlbrvek greeayiirdSerdyiesitihainsatvesincthie, datblgistrantdad N4 molecules,
which arise §tu ing the elongation qf the s ecit['[c ducts. The detecfi aéﬁ;{:g s&g place at the end
of e elonGTbH By BSANh A SHAR Tond A0 SRR S hio W orelteahe M. WAk ereasing
amount of BERepeadud hindie dyedsiintoparsted, thik thel sksdresd¢ ehhwigral dnarcasisisAfurther
possibility of quantification js the use g uengc, ecifi . re are hydrolysis (TagMan) or
hybridisatigr(% %%‘hﬁte%fg%i%?gﬁ%’sej%ly@ggsé%ﬁ%;@%érg(&ﬁggd éﬁ%‘?%ﬁ%@ﬁé&% escent dye
and at the 3-E3# liitnd SbidiBed TNERERpubue torthetspatialproaximity parthia ke podterddye the
guencher is iﬁiBgnsible for the quenching of the fluorescence signal and is cleaved off during the
synthesis ofthec mplementary DNA in the elongation phase. As soon as the fluorescent dye is
excitated with a light source at the end of the elongation, light of a specific wave length is emitted,

which may b Selegiect RIS RIGRR DISRR CSPE LU RIORE R USRIt taroe
respectively, is understood to be a nucleic acid, in particular an RNA or a DNA, or a
nucleic acid fragment. Furthermore, a “marker of the APC” and a “marker of the T
cell”, respectively, is also understood to be a peptide, oligopeptide or a protein.
According to the invention it is contemplated that the expression of the marker is
detectably increased or reduced in the APC after a specific recognition of the antigen in
complex with MHC molecules on the APC by an activated T cell. According to the
invention it is thus contemplated, that the marker of the APC is induced by the antigen

specific interaction of the activated T cells with the APC and thereby becomes

detectable and quantifiable.

In the context of the present invention “induced” and “induction” of a marker,
respectively, is understood to be the change in expression of the marker. In case the
marker s a nucleic acid, “induction” is according to the invention understood to be the
mncreased or decreased production of for example mRNA of a gene. Furthermore,
“induction” is understood according to the present invention to be the modulation of a
gene, for instance by way of methylation. Furthermore, in the context of the present
invention “induced” is understood to refer to the increased or decreased expression of a
protein. Hereby, the expression of the protein may occur on the cell as well as in the

cell, i.e. mntracellularly.
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to each other. Both probes are labelled with a fluorescent dye. With a light source the first fluorescent
dye at the 5' end of the first probe is excited. The emitted light is then transferred via fluorescence
resonance energy transfer (FRET) to the second fluorescent dye at the 3' end of the second probe.
Thereby the dye is excited, whereby light of a specific wave length is emitted, which may be detected.
If in the course of the elongation of the complementary strand of the target sequence the first probe is
degraded by the polymerase, the FRET may no more take place and the fluorescence signal

subsequentlytiee@asesoicoptashtathertiferarmantiosed methads dhe guantficatian tbus occurs
here always at the beginnin‘% of the eIon%{%tion process, Frequentl use}%dluore_scent dyes are for

example FRISHHDr 3 PERRSIEGT o ARFRELamatiA HES S d PEPS ] 8 RANBERHAC 58It Chodipy,
dansyl, napltialenetdikihepibin ARTapesbydsae daminke G- carbaxyiiu are seain (& epiMbeY Gre YAK,
rhodamine and Texas requently used quenchers are for,example TAMRATm, 6-
carboxytet%ﬁgﬁ%%lm%&gx?gﬂ% ng%ogﬁlzsrkﬁﬁe%}é‘rggﬂ T STTFL AT AR 4 AeREdS a distinct
measuremeni shithip:eashedy figeathd? GRhl BIHIT reak bl tJ Medsly ensadaitibe, sereatipddasget
sequence correlates herein wjth the, increase of the fluorescence from cycle to cycle. At the end of a
o whion AP o) KV e b RS B L e BUeRP Exponenta
phase of the PCR on a basis of the obtained fluorescents signals. Hereby, the measurement of the
cle) values, which described the cycle, in which

amplification is usually done.via Cq (quantification c 3

the fIuores%%’ﬁcgl?%es&g?eﬁéoﬁrégﬁ%@l@ig?ﬁf?c%éﬁ?ﬁfﬁgﬁ’gvgeﬁjigrb’a@ﬁg‘f%%Beﬁﬁlé’re &icE Phe Cq value
is determingd fsidite onatbanchicting thigehnebielaacifdardmasthgotherdanditar thesgference
nucleic acid. In this way it is possiple to determine absolute or relatjve numbers of the target
sequience. B LB A BT e VLR (I 1 eRLRSEL0 e e e iag B8 Bcleratood
as a sequefigenddsniigeteidl aswweillastap:thepugtof@entimitaDNArcthese mayealsechr
non-transcriptional active under the stimylation conditions according to the present invention or they
corresponos%lh%%aétéé?ﬁ%l BRATLIBHE of TR TREIE %%ggf’cﬁ r?@lfgamé“?ﬁ\%n‘ﬁé’ﬁea??]ﬁ@}%ce gene

may also bealaNA or RNA added to the target gene sample. The highest criterion of a reference gene
is that it is not altered in the course of the stimulation and by the conditions of the inventive method.
The experimental results may thus be normalized with respect to the amount of template used in
different In the context of the present invention the term “polypeptide™ is understood to be a

polymer of amino acids of any length. The phrase “polypeptide” comprises also the
terms target epitope, epitope, peptide, oligopeptide, protein, polyprotein and aggregate
of polypeptides. Furthermore, the expression “polypeptide” also encompasses
polypeptides, which exhibit posttranslational modifications such as glycosylations,
acetylations, phosphorylations, carbamoylations and similar modifications. In addition,
the expression “polypeptide” is understood to refer also to polypeptides, which exhibit
one or more analogues of amino acids, such as for example non-natural amino acids,
polypeptides with substituted linkages as well as other modifications known in the prior

art, irrespective thereof, whether they occur naturally or are of non-natural origin.

The term “epitope” as used herein refers to a portion of a polypeptide, which exhibits
antigenic properties and serves for example as recognition site of T cells or
immunoglobulins. According to the present invention epitopes are for example those
portions of polypeptides, which are recognized by immune cells such as for example

CD4" T helper cells, CD8" cytotoxic T cells, CD4"CD8™™ cytotoxic T cells,

CD56'CD8" as well as CD36'CDS7'CD8" NKT cells or CD4”CD25" regulatory T

cells. An epitope may comprise 3 or more amino acids. Usually, an epitope consists of
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samples. The reference gene allows thus the determination of the relative expression of a target gene.
Examples for reference genes are glyeeraldhyde-3-phosphatedehydrogenase (GAPDH), huPO (human
acidic protein 0), porphobilinogen deaminase (PBGD), 13-actin or tubulin. In a first object of the
present invention it is envisaged to provide a method for detection, differentiation and quantification of
T cell populations, which comprises the following steps a) contacting a first aliquot of a body fluid of an
individual with at least one antigen, wherein the body fluid contains antigen presenting cells (APC) and
T cells, b)dntuabafing thedfinst atiquet withithenatkeastoonéraniigelviorf & definechprriaddf time, c)
detection ar}d diffe{enti?ﬂon of T cell populations %%/j]dfélectirhg at I%ast a first marker of APC induced by
T cells of & Spedific el PERRBRS thE e alidtior AR T A SEEo ML LGB Bt HHEDBET luid of the
individual, skkickOhasimotdiden incubated with the at least one antigen, by reverse transcription
guantitative real time polymerase chain reaction (RT-gPCR), and d) detection and quantification of the
T cell populations by determining the ratio of the detected marker of the APC in the first aliquot versus
the secondmlifjaatodtecorslingdoptreciny éntionins thus enuisageihatdateatiane differendation and

quantification of T cellg of a specific_T.cell population is cayried out by detection and a relative
quantificat%(a of At ieas a%)%?%%ﬁ?ér%ﬁﬂg@%n lﬁc}ﬁlf'fs‘%ﬁ%%t@%%aen%l%gﬂ’f}ﬁt’s E%‘é;fié% f}sgf?c?%pecifically
stimulated thell @ultureisaahplebmwitra iR T «HBIC Reddi@invRORve metoitonyiFapesthailhevgetection and
guantification .is possible due to.die fact that in particular activated T cells congribute via a. feedback
hechanon P S SO of KL S5 5 LR CRBEs AR GEBFRGRY SPGB bt ivention
this feedbgakrposchanisal BNalss iefdared fiorashevense 1 weldeghnitedy (R Tbhbkhudsyantigen specific
activated T cglls}g1 igﬁgarthﬂar g-he(ljper cells, induce, medi;tf t% Eecog(r)lition of ntig n |0§1d€d MI-IC
molecules Via the TCR ARITTE SniCRRESHR HirR e Rt S T e T C AT AR an
activation avitbngstrethersiohfoizexanngléspiemotarscabuarious qENasiasnaikearseaf AREsthe
increased Pr%ductiton of mRNA&Sé)Iecules and the increﬁs d expression of tglese m?}réfe%ﬁ{oteins. Due
P

PrOCESEEL tie 'RPE Bi5tains AR TRer S B4Rk pEbIRy for St ivae ogen or

to these maturation processes
disease spieifie CRidfoxiguinteiimtion dbthathinity sedeipar ealigal methods may be applied.

The most simple way of quantification is using intercalating fluorescent dyes, such as
SYBR green or EVA green. These dyes fit themselves in the double stranded DNA
molecules, which arise during the elongation of the specific products. The detection
always takes place at the end of the elongation by detecting the emitted light after
excitation of the fluorescent dye. With increasing amount of PCR product more dye is

incorporated, thus the fluorescent signal increases.

A further possibility of quantification is the use of sequence specific probes. There are
hydrolysis (TagMan) or hybridisation (Light-Cycler) probes. Hydrolysis probes are
labelled at the 5° end with a fluorescent dye and at the 3° end with a so-called quencher.
Due to the spatiai proximity to the reporter dye the quencher is responsible for the
quenching of the fluorescence signal and is cleaved off during the synthesis of the
complementary DNA in the elongafion phase. As soon as the fluorescent dye is
excitated with a light source at the end of the elongation, light of a specific wave length

is emitted, which may be detected.

Hybridisation probe systems consist of two probes, which bind to a target sequence next
to each other. Both probes are labelied with a fluorescent dye. With a light source the

first fluorescent dye at the 5° end of the first probe is excited. The emitted light is then
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According to the invention it is thus contemplated, that the detection of T cells of a specific T cell
population, such as activated T cells, may occur by indirect detection via a marker of the APC. Without
being bound by any theory, it is contemplated according to the present invention, that APC present
due to incubation with an antigen fragments of this antigen in combination with MHC class Il or |
molecules on their surface to activated T cells. Thereby a specific binding of the activated T cells to the
antigen presenting APC occurs. Due to this specific T cell-APC-interaction the APC becomes
specificallyusiisfotedé o Admesaseguencenddhiscspe atic SiniEREONtth chectienof Aunadsentin the APC

occurs. The determination, of the marker in-specifically stimulated APCs and in APCs, which are
Sl o AU b el A T T
differentiatipiecfid thevguintificatoanntadtivatechTroalishia thsmeriispecitic thealbpepuddtions. The

inventive m?thodt.allowfs %sensiti\ie anc% reliable det ctkofn of T cells of a specific T cell o%ulation,
such as naive. Setvatdd OF miemBry Fealis. THE Selsithin SEhSTIBMSE it PEHiEWEF die to the
fact, that adegel«libifstir the ARE: thetstARBTonof themoackakintdraliana faulfiaba:soeittude of
MRNA copies. Furtheimore, it is discussed, that possihly a larger number of APCs.is stimulated by a T
cell. the T S0 2h (3TN RO ot ABCRG e b, AP BFIHIS EaD Eha Sighhe
enhancemeuntwmifitthiercthy do aminhreasbdige nsiicite gitlie drofeht womethadpiiesinventive method
thus renders the detection and differentiation of specific T cell populations possible and allows thereby
in particular a distinction of activated T cells from memory T cells. In a preferred embodiment of the
invention tieenoemblisatah dhttvegatherdetseal:timeP CRutigla (Babpine PCRIateplisperformed by
using a f‘X%%ESI)%{SQgg va%,l‘lie11 whichd'sgmg}i luenced by {[h condjtions of the xperigmlgt, in order to
achieve a Precise gene expression quantifeation. Eor this purposet lgyéx%% ioRBF ¥ %&farence gene
is also meastiredim ordetrio pasfohmdamédatives eamoasifoaref@inou@st AAdRording,to theXnvention it is
contempla%g}a%t Lor tgerg%tgr@nafon oftle ma&ker of ﬁhe APC a first a m G}@Iiguot of a
body fluid of an inavidual ig providé TFRe golﬁ%%xtqoufaﬂwceeﬁ?easign CinVeRt8 a{) iding"’is understood
to imply thatdnaiguetetitheiodyfie inahehdy prekebireackentainer. -Providing” may also mean
according to the invention, that the aliquot of the body fluid is directly provided from a patient, for
instance by sampling blood. The inventive method envisages that the first aliquot is stimulated with at
least one dftigemwhilel thesecdhd abiqudttiantairaanstionilatabin’dhith afddsothRiSRnvisaged, that the
first and second. aliguot.are identical except for.the contacting with the antigen. Hence, the second
unstimulateaﬁglﬁalﬁngt Sﬁ@%sma%egsﬁr?f éi?%as b4 }gﬁ.} %%’%%&S%%?fé%‘ﬁé’ﬁ%‘? ﬁ%ﬁ%serggr g‘rrhvé%“r ative to the
calibrator. fFer¢he détérenfhatioscang: duantifisdtion ofthe markerdhds ehvisageshttathrlamount of
marker in tggnfsilrss[gs j _eulata(idca(l:' go&liés d&viq%dcbgotgl% %‘rgg%nt of hetmart'ﬁer in the e?orﬂd unstimulated
aliquot. Thus, a n-fo Jaifference ih amount of the marker of the First %ﬂmuﬁgfgjd)%ﬁ%ﬂ%tpreqsa%ive to the
calibrator, né tithd’S€cond bastimiithtechaliqadtlisdstentedighhb. ifienbyctimethasurepraserits a method
which is exglusively.carried. out ex.vivo. The inventive method allows, in advantageous ner over
Known avel bl PR e e S R SR S Sy, Spec
and reliabiliby afyttle, expefimierttad provesserpeadstitiofor thie ifirentivecnséghditb adidyvabnveatticular a
discriminalion el & & s Al SReTanR e ek AT VAo TaCe IRy RIS MmO, Lerells
nucleic acid and on the other hand for the reference nucleic acid. In this way it is

possible to determine absolute or relative copy numbers of the target sequence.

In the context of the present invention the expression reference gene may be understood
as a sequence on mRNA level as well as on the level of genomic DNA. These may also
be non-transcriptional active under the stimulation conditions according to the present
mvention or they correspond to non coding DNA regions of the genome. According to
the invention a reference gene may also be a DNA or RNA added to the target gene
sample. The highest criterion of a reference gene is that it is not altered in the course of
the stimulation and by the conditions of the inventive method. The experimental results

may thus be normalized with respect to the amount of template used in different
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A significant difficulty for the ascertained detection of activated T cell during active microbial infections
and in particular in autoimmune and tumour diseases is due to the very low numbers of disease and
pathogen specific activated T cells present in the circulation. T cells are activated in lymphatic organs
by contact with antigen loaded APCs, proliferate and migrate then via the blood or the lymph to the site
of infection or disease, where they often remain and exert their effector functions. The inventive
method is based on the detection of T cell inducible components, such as RNA molecules or proteins,

whose progaaiits.iTRCSRisalierantijenspasifiscontaetinithan agivakd & callmeasusably
modulated, i.e. is increased redui]ed or modified. The determinatifn of T cell induced maturation

processes in KB¥S ofRPC Bxwen fihg S ESTRCarr RSBt Hfth BRSFEU Reoveiiabds by

detecting ndalikersdarfor GAPDIBINBURC lsuivrsistimulaiacspesiHibabi ik e xqression vectors

using vario%%oeé]%fgw_d%lecti?% ethods, such as FACS. ELISpot or ELISA. These methods however

turned out n?;‘f fihiited ]Elability or unsuitable for a reliable detection of activated T cells in

diagnostic applications. It is known, that T cell inducible marker molecules are produced in a multitude

of differen disezs_es %nd mic ogial infections in different cell popujations, the subjects or\fijgatients to be
hibR f

examined tRu§ R iy G a7 380 AREHRIES strof i VAR Bndtaxitals AEhes #y high
basic expréssicticeveéiffif-thestomanegpintios fohareireopRSifegueanty conianrealigady larger
amounts of. prefaimed, i.e..already. expressed. marker molecules, which are present independent of an
antigen spggi SRR G %@/ngagggi\e}agé% aglﬁgf)ﬁeot{@er%?c&oggglg,aﬁﬁ Hiriteathatdertel usually
stimulates any:ongens whiyeinféw KRGS uRispaatielynwhergirening lisnitad increagerinarnsitivity may

be achie on cellular level. Because of these known circumstances it has so far been assumed, that
a relial;levﬁjgtmcu a%ifl&tl%%lgﬁfvifgg% %étﬁ‘slag‘f/ ﬁéﬁ?gﬁ A ﬁésadugﬁﬁe %Bﬁ(é?@%?flé?ﬁ?é’%? B i iPCs

ermina
stimulated dydsaictiaatiuatetffecatiatouid Taldlepppskititaobaddiagnostcadystalinhierseale.

Surprisingly it Id he shown, that the inventive method can he carried out by determjning the T cell
induced pré/guACg?%r]ino ) odr%%grm%ﬁ?ef? %%\I‘f’??ﬁlcﬁgcﬂ% & Wé’%lﬁéﬁggs.tﬁﬁg%t dfofementioned
difficulties weithnéspigabtathb&andndlexpressionndt cddainvhankenmale ddes it hasdal beigonsidered
as being uql%xgt cted, that the inyentive detection, of a marker of APC on RNA1 level allows a reliable

and sensiti/s detetinination s in RER SPE RO SR A R I E P ST RO RS ERS 4B an
activated Treeiiwit(RanERR jndutel thedetdustio neineiyigh ambentscefl pRNA®alesules which

leads to a strong.amplification of.the marker,and thus to.a sjgnificantly increased sensitivjty of the
inventive nag%ﬁ%%{nﬁlglée%?gﬁit#eﬁg %} ge éerﬁielﬁl%}(feéc#n?&%ll‘#@jdﬂi&% ‘Jéws?fﬁ‘f%v‘éﬁﬁg%éﬁg T cell

second aliquot.

According to the invention it is thus envisaged, that detection, differentiation and
quantification of T cells of a specific T cell population is carried out by detection and a
relative quantification of at least one marker of APC in non-stimulated and/or non
specifically and specifically stimulated cell culture samples with RT-gPCR. The
inventive method envisages, that the detection and quantification is possible due to the
fact that in particular activated T cells contribute via a feedback mechanism to the
maturation of antigen presenting cells (APC). In the context of the present invention this
feedback mechanism is also referred to as reverse T cell technology (RTT). Thus,
antigen specific activated T cells, in particular T-helper cells, induce, mediated by
recognition of antigen loaded MHC molecules via the TCR and the simultaneous further
interaction of the T cell with the APC, an activation amongst others of for example
promoters of various genes as markers of APC, the increased production of mRNA
molecules and the increased expression of these marker proteins. Due to these
maturation processes the APC obtains an increased capability for stimulating pathogen

or disease specific cytotoxic T cells and low affinity T helper cells.
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inducible markers, such as the production of mMRNA molecules, in APC as means of 25 detection of
activated antigen specific T cells as marker for active disease incidents. These technical prejudices
are based in particular on the fact, that specific markers in the APC exhibit individually a very
fluctuating base expression. However, compensation of these fluctuations is obligatorily required for
the definition of reliable threshold levels for a meaningful test result. These technical prejudices were
overcome in the inventive method in particular by determining the relative increase of the marker
expression by detection of the marker of the APC in a first aliquot stimulated with at least one antigen

and a second unstimulated aliquot of a body fluid of a in%i\r/]i%l%al and the determination of the ratio of
s AESthnsete P s

the first aliqutits e Ye Jn's PrersRER E'5RteRtRN b iktnduds
envisaged,splafRilT isestep) addifionallysaldeasta seetpdmgrkenis wetestedigdheddigstand in the
second aliquot, wherein the. s 1d marker is an induced marker of the T cells themselves, and
wherein st%p”bﬁ)rg%’?gr@% ‘53@@% SR8 BoEnL BN ERYATGRTSE ¥ BetrplpitisALER it Ermining the

ratio of the WetecieekbinstimansenofithesdtGandihewsaconddpatkernatihg hnalkafihedisstsaliquot to
d for this method, that differentiation of

the second aliquot. According to the jnvention if is. envisage

naive T coll, QLR BeaE HER ORI U AL IM LA LS 5SS BBESE possible
In that this igvientbde Tethed Tardsles the:piaissikiilitynef difitkental siabosigin spacifig.diggases. For
instance, it is inter ali ssible for.a tuberculosis disease tq distinguish by way of such differential
diagnosis RIS O Lon SRS qOSCe A G BRI LT ol B RaR B i P SHBRe wih a
latent infectisseifiithiovtsaiapectic need foniwatnentbadsrarechealifnindividualssdivs differential

diagnosis is enabled by t etection of a first and a second marker, The first marker represents
oreby the P ERT AR PaBHET (RABE TERAKEIE B Tl B L Ae ibase

incidents. TAleCsenahth Makervsialneaskenchihe Fee|biself ibisaseapdnajkeltitfeeretkin presence
of aawate({l?’?%ﬁ&@%ﬁlo&sc i ”esdgtégt?orrgecgéo 1 g:@rﬁ!g’éion and the quantification of activated T

cells in form of specific T cell populations.

The inventive method allows a sensitive and reliable detection of T cells of a specific T
cell population, such as naive, activated or memory T cells. The sensitivity of the
method is in particular due to the fact, that a T cell elicits in the APC the stimulation of
the marker inter alia in form of a multitude of mRNA copies. Furthermore, it is
discussed, that possibly a larger number of APCs is stimulated by a T cell, the T cell so
to say “jumping” from one APC to the other. All in all this leads to a signal

enhancement and thereby to an increased sensitivity of the inventive method.

The mventive method thus renders the detection and differentiation of specific T cell
populations possible and allows thereby in particular a distinction of activated T cells

from memory T cells.

In a preferred embodiment of the invention the normalisation of the gathered real-time
PCR data (real-time PCR data) is performed by using a fixed reference value, which is
not influenced by the conditions of the experiment, in order to achieve a precise gene
expression quantification. For this purpose the expression of a reference gene is also

measured in order to perform a relative comparison of amounts.
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In a further preferred embodiment of the invention a method is envisaged, wherein the method
comprises in step a) a further step a') contacting the second aliquot with at least 26 one antigen, and
in step b) a further step b") incubating the second aliquot with the antigen for a defined period of time,
wherein the period of time in step b') differs from the period of time in step b), and instead of step c) a
step c') detection and differentiation of the T cell populations by detecting the first marker in the first
and the second aliquot by RT-gPCR, and step d). In a particularly preferred embodiment of the
inventiclJn Iitﬁ&@ﬁﬁﬁgg@dhﬁﬂgidﬂﬁm@ﬁi%d aéﬁiiaﬁﬁmér?gumti%m {ReStRR-Ani IS EbMULRS nlarRefurther
particularly prefer empodiment of the invention the period of time.is from 0 to 60 minutes, more
preferably ﬁ%fﬁﬁof{%% FEEE e BTy FdNPEIT 8 MirfthdRImiGH drerarattgdrdin 0 to 20

minfUtesaT@I@dgﬁﬁma&ﬂyHé%ﬂe%m ﬂrgzmmﬂi@rmm@’a&mﬁw{m Qétﬁﬁﬂynaiﬁu@ﬁaﬁaﬁﬂl@ularly
referred fro fo inutes. According to.the invention it is envisaged, that the second aliquot is
Contacted I SHABE LA TSR S RE DB o SHIE S, PO ABRLBIFR BB of tme
for the incubatiennetth il s aligeeligicioase-salledizero Sampleprdadiarfaoausational @minutes.
Thus it is envisaged, that wjthin tpe incubation period of the second aliquot no marker has yet been
formed or dﬂfff‘{}g‘?ﬁﬁ\ﬁaﬁ?ﬂ GReE 8?#%%9%‘?8%?’%@? ShiTAgsA A S sk ABRRh o the
invention eqviseigad thakthel ariegdeaftimennsinp @ &ma&ggcyy;f&h@ft@mﬂaﬂsthﬁln@tré@dﬁg( timi i)n )
step b). Accordjng to the invention the incubation of the second aliquot with the antigen in step b’) thus
oot oyl IO STTPEELANAL D 155 B LR AU SRS SF BuEn it roaat not
over a prolengediperietiofiimativa fisther prefevad embndiment aidhetinventiap i ismanvisaged, that
the second a{[&'%uot is ﬁ, ntacted .in step agn d incuhated jn step b") with an irrelevant antigen.
According T HERTentiGn B THERPSR %5‘&1 RUIRERFS ISRy D LEnfgebr 46F wHiEh e individual
does not haveastivies andngiaotififadeisoBueh andkelavant antiggadnayafofexamalaberalbumin or

an HIV protein in HIV seronegative persqns. . .. .
P marker in the f(l)I'St %%mlﬁz!%e zﬁ:pquot is divided by the amount of the marker in the

second unstimulated aliquot. Thus, a n-fold difference in amount of the marker of the
first stimulated aliquot relative to the calibrator, i.e. the second unstimulated aliquot, is
detected. The mventive method represents a method which is exclusively carried out ex

VIvVo.

The inventive method allows, in advantageous manner over known available methods,
the detection of activated T helper cells with an increased sensitivity, speed and
reliability of the experimental process. In addition, the inventive method allows in
particular a discrimination as well as a differential determination of activated T cells

versus memory T cells.

A significant difficulty for the ascertained detection of activated T cell during active
microbial infections and in particular in autoimmune and tumour discases is due to the
very low numbers of disease and pathogen specific activated T cells present in the
circulation. T cells are activated in lymphatic organs by contact with antigen loaded
APCs, proliferate and migrate then via the blood or the lymph to the site of infection or

disease, where they often remain and exert their effector functions.

The inventive method is based on the detection of T cell inducible components, such as
RNA molecules or proteins, whose production in APCs is after antigen specific contact

with an activated T cell measurably modulated, i.e. is increased, reduced or modified.
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In a preferred embodiment of the invention a method is envisaged, wherein step c¢') comprises the
detection and differentiation of the T cell populations by detecting the first and the second marker. In a
further preferred embodiment of the invention a method is envisaged, wherein the aliquot of the body
fluid is separated into an aliquot A containing only APCs and in an aliquot B containing T cells, and
wherein step a) comprises a step al ) contacting the aliquot A with at least one antigen, and a
subsequent step a2) contacting the aliquot A contacted with the at least one antigen with aliquot B.
According to the invention it is contemplated, that prior to adding the T cells the APC are first loaded
with the anti%en. According to the invention jt is more preferably envisaged that the T cell containing

aliquot B alSo HERHOUHBlel aPldrdveednpEwHlitHoityssea bR ottt Aeerinibgo the

invention itdsiersisagathdbahiheithgabnermtatians.conipinnraveifisslls activated Fagalispr memory
T cells. In a preferred embodiment of the invention it is envisaged, that the T cells of the T cell

population BEED AT FEb R B TRIR H SRR S K -3 LR I PF RS P MRS DD 2 S8 Bilatory T
cells, Th-3 selisinGla@tHbealisthindpasticn lar G4 RS topsiotexit 1K ae s SOAER8E o aelsy CD161+

NKT cells and/o({ a mixtyre of various T cells. According to the invention it is furthermore preferably

envisaged, BRHEbERPAWY R D08 g SBHGEHIAI USRI frigaiciaPRuretechrdnehial lavage,
a bone markaw-aspTaiel]fisdspensianshlyimphatic tissue or a purified PBMC population.

It is known, that T cell inducible marker molecules are produced in a multitude of
different diseases and microbial infections in different cell populations, the subjects or
patients to be examined thus exhibiting individually a sometimes strongly varying and
partially already very high basic expression level of these marker proteins. Furthermore,
APC frequently contain already larger amounts of preformed, i.e. already expressed
marker molecules, which are present independent of an antigen specific stimulation by
an activated T helper cell. Moreover, an activated T helper cell usually stimulates only
one or only a few APCs, respectively, wherein only a limited increase in sensitivity may
be achieved on cellular level. Because of these known circumstances it has so far been
assumed, that a reliable determination of activated T cells by detecting specific markers
on protein level in APCs stimulated by said activated T cells would not be possible on a

diagnostically reliable scale.

Surprisingly it could be shown, that the inventive method can be carried out by
determining the T cell induced production of, for example, mRNA molecules as
markers in APCs. Due to the aforementioned difficulties with respect to the varying
expression of certain marker molecules it has to be considered as being unexpected, that
the inventive detection of a marker of APC on RNA level allows a reliable and sensitive
determination of antigen specific activated T cells. For instance, the contact of an
activated T cell with an APC induces the production of very high amounts of mRNA
molecules which leads to a strong amplification of the marker and thus to a significantly

increased sensitivity of the inventive method.

However, hitherto fundamental technical prejudices existed towards using T cell
inducible markers, such as the production of mRNA molecules, in APC as means of
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In the context of the present invention "lymphatic tissue- is understood to be lymph nodes, spleen,
tonsils as well as the lymphatic tissue of the gastrointestinal mucous membrane, such as peyers
plaques, the lymphatic tissue of the respiratory organs and of the urinary tracts. In a further preferred
embodiment of the invention it is envisaged, that the body fluid contains additionally a separated APC
population. Furthermore, according to the invention a so-called buffy-coat is preferred as body-fluid. In
a further preferred embodiment of the invention is envisaged, that the antigen is a peptide,

oligopeptidgeradpelyREntigafraigibrath RN or 3BNA IAlrther piefered aubadipast he antigen
IS an expression %I?smid. According to the invention the antigen is furthermore preferably a fragment,

a cleavage PIEHUCEBNShiBEENd S 8ifg BTt BtiA 8y BE Bt &t BprorsriisrasrireRiATor of a DNA.

According tadhexipventionoi isiapMisaaed ag preierrathdhatithe antigenisrnantigenfien.a bacteria,
virus, plant, animal, fungi or parasite. = . ) _ ) N _
compensation of these fluctuations is obligatorily required for the definition of reliable

threshold levels for a meaningful test result.

These technical prejudices were overcome in the inventive method in particular by
determining the relative increase of the marker expression by detection of the marker of
the APC in a first aliquot stimulated with at least one antigen and a second unstimulated
aliquot of a body fluid of an individual and the determination of the ratio of the first

aliquot to the second aliquot.

In a preferred embodiment of the invention a method is envisaged, wherein in step ¢)
additionally at least a second marker is detected in the first and in the second aliquot,
wherein the second marker is an induced marker of the T cells themselves, and wherein
step d) comprises the detection and the quantification of T cell populations by
determining the ratio of the detected first marker of the APC and the second marker of

the T cell of the first aliquot to the second aliquot.

According to the invention it is envisaged for this method, that differentiation of naive T
cells, activated T cells and memory T cells as individual T cell populations becomes
possible. In that this inventive method provides the possibility of differential diagnosis
in specific diseases. For instance, it is inter alia possible for a tuberculosis disease to
distinguish by way of such differential diagnosis patients with an active disease and a
concomitant need of treatment from patients with a latent infection without a specific
need for treatment, and from healthy individuals. This differential diagnosis is enabled
by the detection of a first and a second marker. The first marker represents hereby the T
cell induced marker of the APC. This marker is only induced during active disease
incidents. The second marker is a marker of the T cell itself. This second marker is

formed in presence of activated and memory T cells in the method sample,

In a further preferred embodiment of the invention a method is envisaged, wherein the
method comprises in step a) a further step a”) contacting the second aliquot with at least
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In a further preferred embodiment of the invention it is envisaged, that the antigen is a polypeptide of
the cytomegalovirus (CMV), Epstein-Barr Virus (EBV), Hepatitis B virus (HBV), Hepatitis C virus
(HCV), human immunodeficiency virus (HIV), parvovirus B19, Varicella Zoster virus (VZV), vaccinia
virus, adenovirus, JC- and BKvirus, A, B, C type influenza virus, Mycobacterium tuberculosis, bon-elia,
Toxoplasma gondii or aspergilli or a tumour or auto antigen. According to the invention the antigen is
preferably an antigen from viruses with human pathogenic properties. In following examples according
to the presgné investionadegiviep for sushndtuses. Fhimbsbahall net be-cpasidgred dsbeirg limiting in
the context of the present invention, but rather as (epresentiné; merely examples. Polioviruses,

Coxsachiedftiges, %Tcﬁ{}@ﬁ‘ﬂg%?,@é‘ﬁf%Fg\}ﬁ‘ﬂgeg‘ihﬁﬁﬁ%m%%‘,o i SHRABVGREY) i iietiBomr type A, B,
C influenzandrysesdparamysouruses, 1), Paniculaidaranfiuepzayinises, RUMRsddsesnmeasles
viruses, respiratory syncytial viruses (RS-virus), coronaviruses, flaviviruses, in particular yellow fever-,
dengue-, JABLFTBEAINbALIIE | Gl BOPME RARE BRAMCIPE NS At Mieke paths Eiind fircv),
togavirusesedaRpatiguianaRITagROR riivitgses, bunyaviruses, in particular the bunya-, hanta-, nairo-,
phlebo- und tospovirus, generaviruses, rubella viruses, rabies viruses, arenavirus, in particular the
lymphocytic choriomeningitis virus (LCMV) and the lassa fever virus, gastroenteritis viruses, in
particular rpfayisugRe] AHE PRIHEE SrEBUgM BASRT, tAS HAMIEHRAS CRIONAVIHSE ShAEHRVHIMSES, In
particular type A, B, C and D retrqviruses, lentiviruses, in particular the human immune deficiency
viruses typL 1PV LSEEBIAtNALS IR PsInSal iRtASdEH ce DGR TasRi s iprg Terred
immunodetigibeymdruso(Fthé) ibesiedmmupedeliceneyndrys (B4Y)oSRUIBaVIHISEss thadwman T
cell-leukemia yiruses type-I (HTLV-1) and -2 (HTLV-2), parvoviruses, in particular parvovirus B19 and
adeno-assBETHER VirieR Ak THapSTamse ?ﬁwﬁytﬁaﬁrﬂp@pﬁﬁoﬁwrﬁﬁswrweﬁ?@w the
progressiversmiitifecad eikaencaphaippaiapi(Pidin, (Bi-YI usiRee) QYeSS SRS MEUSES, In
particular the Herpes Simplex virus t%/pe-l HSV-1) and -2 (HSV-2), the varicella zoster virus (VZV),
cytomegaldV I ERIVREHI BB EBRIBLE VIR (ESV) M Sinidrr iR MY S HPRAGIS (HHV 6, 7
and 8), hepatiis i 3RS fRepRBid Al GepaitinAAGS KA YIe BRRatiS BV us.(kiaN) shagatitis C virus
(HCV), hepatitis D virus (HDV), hepatitis E virus (REV) and hepatitis G virus (HGYV) as well as the
transfusiorPFARSMHERFVIS TIPRDT UhiP JBXAFTISES i Barteias BiHBHER phdes fticHigothe human

POX Virus, aCeiniasyitdges, eewpaxifilesass. e Parapnex Ve sesi et ennere, thenprlypaptides may
be derived from vjral %athog ns of rar,%ﬂsélégﬁ%ute or chronic diseases, in particular Marburg and

ebolaviruséS ¥ {HE 48 BSPRAUraREL EPER HE RS AR AR T REPRIRBSRY preferred a

polypeptide i the-h Linedittms radesitiensy: villgér pisdar. axpnpla.un 120, #rdRPaplyiHe24,
Pr55gag, polymerase (Pol), reverse transcri tafse (RI) and n%t'. Furthermgre, according to the

invention tHB" SRR Y iSasae aty REeRSHRY & foNDebtRiEPoP thes ELETB A UIRISIEBW such as
EBNA1, EBNAR] EBNASA: EBNASB ATBNA4Y, oBINARG RBNAR) BélbatidRMiERh-BMRRd, BHRF1,

BARFO, BRLF1, BI'LF4, gp85, gp110, gp220/350, VCA p150, EBNA-LB, LMP1 and LMP2 (e.g.
compiled ir‘iﬁiﬁﬁﬁr‘i‘gt tﬂé‘f.g*"(’i ,%ﬁﬁﬁ%%e RGBT P 5% gt A8 SR HHALTIOHESREE SIS o the

invention therdntigtting paticutaineiasredaRalynaptite ol the syamegniRyitds(GMY), such as
UL123 (IE1), UL122 (1E-2), UL83 (pp65), ULB2, HL99, UL28, UL33, UL37, U53, UL94, ULI 6,
UL55(gB), UL85, UL25, Us 18, UL45 and UL32 (ppl 50) (e.g. compiled in Crough et al. (2009) Clin

Microbiol Reva 22ie98}eferred embodiment of the invention it is envisaged, that the second
aliquot is contacted in step a’) and incubated in step b’) with an irrelevant antigen.
According to the invention an irrelevant antigen is understood to be an antigen, for
which the individual does not have activated or memory T cells. Such an irrelevant

antigen may for example be albumin or an HIV protein in HIV seronegative persons.
In a preferred embodiment of the invention a method is envisaged, wherein step ¢’)

comprises the detection and differentiation of the T cell populations by detecting the

first and the second marker.
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Furthermore, according to the invention the antigen is particularly preferred a polypeptide of the
varicella zoster virus (VZV), such as ORF |, ORF4, ORF10, ORF14, ORF29, ORF62 and ORF68 (gE).
Furthermore, according to the invention the antigen is particularly preferred a polypeptide of the
hepatitis B virus, such as HBsAg and HBcAg. Furtheiilore, according to the invention the antigen is
particularly preferred a polypeptide of adenovirus, such as AdV5 hexon protein. Furthermore,
according to the invention the antigen is preferably an antigen of viruses pathogenic for animals, which

are listed iniiherfeliwingschis isteaathindae criiexatine BraseatinveRtarAokRe:cansidered as
being limiting but rather as r%i};esenting merely examE les. The equine morbillivirus (EMP),

picornavir EGh Hahecbrdy dtist oy eruetedoiRGH fvitheeaao gl ifé 188dmA mouth
disease (FMiahdthB BaieHaleStoMatilisnyd ohReramyys aviksasrikParticylan maskillvifyses, avian
paramyxoviruses, f%oxviruses, in particular capripoxviruses, bunyaviruses, reoviruses, in particular

orbivirusest AVt SEE At A ONaAPREERitIE S BRFISHUOVIDSES, SAHRE dictRlIPALEnza A virus,

herpesvirusgsidftRprigviac alnbaharpasuitusesdaigsvisuses, retroviren, in particular lentiviruses
and C-type retroviruses, togaviruses, rhabdoviruses, bimaviruscs, coronaviruses and caliciviruses. A

comprehensive list of currently described viruses has been compiled for example by the International

Committee Qi draxonemyeoh Viiiaas it ifematinnalcDhRitier On Tadanomy pfidiuaes A6TV)) an may
be accessed via the internet

(http. /S FInOART G OV alish SRS BTo e ARGV BGi TRYSaELL Abidt ek crgerably
iruses&Ifl=g&srohynaeeFitkeepIFdoatimoek)aliquot B also contains unloaded APCs, i.e. APCs

without prior antigen contact.

According to the invention it is envisaged, that the T cell populations contain naive T

cells, actrvated T cells or memory T cells.

In a preferred embodiment of the invention it is envisaged, that the T cells of the T cell
population are CD*" T cells, in particular Th-1 cells, Th-2 cells, Th-17 cells, CD*"'CD**
regulatory T cells, Th-3 cells, CD*" T cells, in particutar CD4'CD8" cytotoxic T cells,
CD4°CDS8" T cells, CD161" NKT cells and/or a mixture of various T cells.

According to the invention it is furthermore preferably envisaged, that the body fluid is
blood, cerebrospinal fluid, Iymph, pericardial fluid, a bronchial lavage, a bone marrow

aspirate, a suspension of lymphatic tissue or a purified PBMC population.

In the context of the present invention “lymphatic tissue” is understood to be lymph
nodes, spleen, tonsils as well as the lymphatic tissue of the gastrointestinal mucous
membrane, such as peyers plaques, the lymphatic tissue of the respiratory organs and of

the urinary tracts.

In a further preferred embodiment of the invention it is envisaged, that the body fluid
contains additionally a separated APC population. Furthermore, according to the

invention a so-called buffy-coat is preferred as body-fluid.



Furthermore, according to the invention the antigen is preferably an antigen of bacteria. According to
the invention particularly preferred are antigens of human pathogenic bacteria. In the following
examples according to the invention for such bacteria are listed. This list shall not be considered in the
context of the present invention to be limiting but rather as merely representing examples.
Staphylococci, streptococci, 31

In a further preferred embodiment of the invention is envisaged, that the antigen is a

peptide, oligopeptide, a polypeptide, a protein, an RNA or a DNA,
In a further preferred embodiment the antigen is an expression plasmid.

According to the invention the antigen is furthermore preferably a fragment, a cleavage
product or a piece of an oligopeptide, of a polypeptide, of a protein, of an RNA orof a
DNA.

According to the invention it is envisaged as preferred, that the antigen is an antigen

from a bacteria, virus, plant, animal, fungi or parasite.

In a further preferred embodiment of the invention it is envisaged, that the antigen is a
polypeptide of the cytomegalovirus (CMV), Epstein-Barr Virus (EBV), Hepatitis B
virus (HBV), Hepatiis C virus (HCV), human immunodeficiency virus (HIV),
parvovirus B19, Varicella Zoster virus (VZV), vaccinia virus, adenovirus, JC- and BK-
virus, A, B, C type influenza virus, Mycobacterium tuberculosis, borrelia, Toxoplasma

gondii or aspergilli or a tumour or auto antigen.

According to the invention the antigen is preferably an antigen from viruses with human
pathogenic properties. In following examples according to the present invention are
given for such viruses. This list shall not be considered as being limiting in the context
of the present invention, but rather as representing merely examples. Polioviruses,
Coxsachieviruses, echoviruses, enteroviruses, rhinoviruses, orthomyxoviruses, in
particular type A, B, C influenza viruses, paramyxoviruses, in particular
parainfluenzaviruses, mumps viruses, measles viruses, respiratory syncytial viruses
(RS-virus), coronaviruses, flaviviruses, in particular yellow fever-, dengue-, Japan B-
enzephalitis-, fick-borne encephalitis (TBE) virus, the hepatitis C virus (HCV),
togaviruses, i particular Alpha- und rubiviruses, bunyaviruses, in particular the bunya-,
hanta-, nairo-, phlebo- und tospovirus, generaviruses, rubella viruses, rabies viruses,
arenavirus, in particular the lymphocytic choriomeningitis virus (LCMV) and the lassa
fever virus, gastroenteritis viruses, in particular rotaviruses, adenoviruses, caliciviruses,

astroviruses, coronaviruses, retroviruses, in particular type A, B, C and D retroviruses,

29



enterococci, Neisseria, Enterobacteriaceae, in particular Escherichia coilcoil), including E. co/i strains
pathogenic for babys (EPEC), enteroaggregative K coli strains (EAggEC), Klebsiella, Enterobacter,
Serratia, Proteus, Citrobacter and typhoid Salmonella, Enteritis Salmonella, Shigella, Yersinia, Vibrios,
in particular Vibrio cholerae and Vibrio El Tor, Pseudomonia, Burkholderia, Stenotrophomas,
Acinetobacter, Campylobacter, Helicobacter, in particular Helicobacter pylori, Hemophilus, Bordetella,
Legionella, Listeria, Brucella, Francisella, Erysipelothrix, Korynebakteria, Bacillus, Clostridia,

BacteroidegiigMai&llan %@fﬁb&q@rﬂmﬁym@r&fﬁ&%@mﬁ&%%&w@ﬁmm@LLS,
Anaerovibrig Buéﬂivibrio, Centripedia, Desulfomonas, Dichelobacter, Fibrobacter, Leprotricha,

Megamona@% k131K Ak Rt dBaRIENEY SERhdMORade iRk dmBBRC SRR HBRRS,
Tisserella, yephastBianimBastienaeddy tharesiasissalviical. Mycabagtera tMATT.28¢iM. leprae,

Noeardia, Treponema, inggzarticular T. pallidum and T. carateutn, Borrelia, in particular B. burgdotferi
sensu lato,"BUgEiResl SENY 8) vafhiddRE 1B 1hbiRmiay UHes B matHeil Raws ARy Bl Pecurrentis,

LeptospiraaRickasitsiasSentiellair-khdichiaviBasionela-Myscorldamanin: pagituiaiMubaewmoniae and
M. hominis, Ureaplasma, Actinomyceta, Chlamydia. Furthermore, accordi&%ﬂto the invention the

antigens mérefdraliif dePRASEERD fumtHiHAsalichrersnasRivieRary, sURNES foP&xaHie
TropherymaiRastausllacBranhansla sirapiohasivmrRpidismand Gardnenetigs wusthginiore,
according to the invention the antigen is more preferably a polypeptide of M. tuberculosis, such as

CFP-10, ESATI8 Y TR YRR LR L9 R MB35 Or Y poRy e feriiks & Miorad RnstsaaRampD.

Furthermorgracgasdiaie thenveaiies Hheenbgends Ramiemaslynreieryega.pely paptide iaf Borrelia
spec, such as VISE, p58 (OppA-2), BBK32, p14, p20 (BBQO3), p21-24 (Qsp%?, p_37-38éFIaA), p4l
(Flagellin, PEE§® 9%%&@ ﬁpi@?@?ﬁs"b‘@aé‘@%@%{s déﬁé,(ﬁé%\f(blgw% OB 630, p3o,
(BmpA), péfkifeamman antigen Hesrbf) Fr83ulQPImY 4Laspdpatil3E-32(Oaréiand Rt (Osp B) or

Borrelia lipids ar a lysate of Borrelia strains, In further preferred embodiment of the invention the

antigen is & dAfigHAS A A BIMBEL A S AhinYaIs2if tRETEIBhg BxaHPrRYBCO6Rfing to the

invention feosuahidaciada aramlisiesal Biscdist-shalhiRithe centextRitherragent invepiiapdiot be
considered to be limiting, but rather as representing merely examples. Mycoplasma, Bacillus, in

particular BABHES AMIPSEROEIREIPL KIGREBEBAY, B Jarteslrom it reabessamatviatovis,
Campylobagifcukétiehermanasdisepiaspina pRicketisiaviaaimenslla, GlostidiasActinghacilli, Clamydia,
Echinococci, Listeria, Yersinia, Corynebacteria and Francisella. A comprehensive list of the currently
described BIB&HUYE S ccessible via the internet at http://www.ncbi.nim.nih.gov/Taxonomy/Browser/
wwwtax.cgi?mode=Root.

According to the invention the antigen is particularly preferred a polypeptide of the
human immunodeficiency virus (HIV), for example gpl120, gpl160, pl7, p24, Pr55%¢,

polymerase (Pol), reverse transcriptase (RT) and nef,

Furthermore, according to the invention the antigen is particularly preferred a
polypeptide of the Epstein-Barr virus (EBV), such as EBNAL, EBNA2, EBNA3A,
EBNA3B (EBNA4), EBNA3C (EBNA-6) BZLF1, BMLF1, BMRF1, BHRF1, BARFO,
BRLF1, BILF4, gp85, gpl10, gp220/350, VCA pl150, EBNA-LB, LMP1 and LMP2
(e.g. compiled in Khanna ef a/. (2000}, Annu. Rev, Microbiol. 54:19-48).

Furthermore, according to the invention the antigen is particularly preferred a
polypeptide of the cytomegalovirus (CMV), such as UL123 (IE1), UL122 (IE-2), UL83
(pp65), UL82, HLOY, UL28, UL33, UL37, US3, UL94, UL16, UL55(gB), UL85, UL25,
US1SE, UL4S and UL32 (ppl50) (e.g. compiled in Crough et al. (2009) Clin Microbiol
Rev. 22:76-98).
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In a further preferred embodiment of the invention the antigen is a fungal antigen. In a particularly
preferred embodiment of the invention the antigen is derived from a fungus pathogenic for humans. In
the following examples according to the invention for such fungi are listed. This list shall in the context
of the present invention not be considered as being limiting but rather as representing merely
examples. Yeast, in particular Candida, Cryptococcus, Malassetia, Hyphomycetes, in particular
Aspergillus, Trichphyton, Microsporum, and Epidennophyton, dimorphic fungi, in particular

Histoplasmga,Blasieimy cesedr@asidigidgs. P@r&ggﬁpiqu%iggprgth | @gﬁﬁy%ﬁ%ﬁti% In a further
embodiment of the invention the antigen is an antigen of a parasite. rr\éa Ereferred embodiment of the

invention tHSIXRERIEFISTHERVEE ORI Al PRhOheHRd ey RBMb HeR5lewiNgrddamples
according fgiirednvsation o sighspasasites are listed. This list shall in the context of the present
invention not be considered as being limiting but rather as representing merely examples. Protozoa,
such as Trypanosoma, Leishmania, Trichomona, Giardia, Amoebae, Plasmodia, Toxoplasma,

Cryptospon@ighermore, according to the invention the anfigen is particularly preferred a

polypeptide of the hepatitis B virus, such as HBsAg and HBcAg.

Furthermore, according to the invention the antigen is particularly preferred a

polypeptide of adenovirus, such as AdV5 hexon protein.

Fuarthermore, according to the invention the antigen is preferably an antigen of viruses
pathogenic for animals, which are listed in the following. This list shall in the context of
the present invention not be considered as being limiting but rather as representing
merely examples. The equine morbillivirus (EMP), picornaviruses, in particular
enteroviruses, aphthoviruses with the pathogen of the food and mouth disease (FMD),
the vesicular stomatitis virus, paramyxoviruses, in particular morbilliviruses, avian
paramyxoviruses, poxviruses, in particular capripoxviruses, bunyaviruses, reoviruses, in
particular orbiviruses, flaviviruses, in particular pestiviruses, orthomyxoviruses, in
particular the influenza A virus, herpesviruses, in particular alpha herpesviruses, rabies
viruses, retroviren, in particular lentiviruses and C-type retroviruses, togaviruses,

rhabdoviruses, birnaviruses, coronaviruses and caliciviruses.

A comprehensive list of currently described viruses has been compiled for example by
the International Committee on Taxonomy of Viruses (International Committee on
Taxonomy of Viruses (ICTV})) an may be accessed via the internet
{http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Undef&name=V

irusesé&elfl=3 &srchmode=1&keep =1 &unlock).

Furthermore, according to the invention the antigen is preferably an antigen of bacteria.
According to the invention particularly preferred are antigens of human pathogenic
bacteria. In the following examples according to the invention for such bacteria are
listed. This list shall not be considered in the context of the present invention to be
limiting but rather as merely representing examples. Staphylococci, streptococct,
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Microsporidia. Trematoda, such as Schistosoma, as well as Cestoda, such as tape worms and
Echinococci, as well as Nematoda, such as Trichuris, Trichinella, Strongyloides, Ancyclostoma,
Necator, Enterobius, Ascaris and Filarioidea. In a further preferred embodiment of the invention the
antigen is a polypeptide of parasites pathogenic for animals. In the following examples according to
the present invention for such parasites pathogenic for animals are listed. This list shall in the context
of the present invention 33

enterococei, Neisseria, Enterobacteriaceae, in particular Escherichia coli (E. coli),
including £. cofi strains pathogenic for babys (EPEC), enteroaggregative E. coli strains
(EAggEC), Klebsiclla, Enterobacter, Serratia, Proteus, Citrobacter and typhoid
Salmonella, Enteritis Salmonella, Shigella, Yersinia, Vibrios, in particular Vibrio

cholerae and Vibrio El Tor, Pseudomonia, Burkholderia, Stenotrophomas,

Acinetobacter, Campylobacter, Helicobacter, in partiéular Helicobacter pylori,
Hemophilus, Bordetella, Legionella, Listeria, Brucella, Francisella, Erysipelothrix,
Korynebakteria, Bacillus, Clostridia, Bacteroides, Prevotella, Porphyromonas,
Fusobacteria, Anaerobiospirillum, Anaerorhabdus, Anaerovibrio, Butyrivibrio,
Centripedia, Desulfomonas, Dichelobacter, Fibrobacter, Leprotricha, Megamonas,
Mitsuokella, Rikenella, Sebaldella, Selenomonas, Succinovibrio, Succinimonas,
Tisserelia, Mycobacteria, in particular M. tuberculosis, atypical Mycobacteria (MOTT)
and M. leprae, Nocardia, Treponema, in particular 1. pallidum and T. carateum,
Borrelia, in particular B. burgdorferi sensu lato, B. garinii, B. afzelii, B. valaisiana, B.
lusitaniae and B. spielmani/A14S and B. recurrentis, Leptospira, Ricksettsia, Coxiella,
Ehrlichia, Bartonella, Mycoplasma, in particular M. preumoniae and M. hominis,
Ureaplasma, Actinomyceta, Chlamydia. Furthermore, according to the invention the
antigens may preferably derived from further medical relevant bacteria, such as for
example Tropheryma, Pasteurella, Branhamella, Streptobacillus, Spirillum and

Gardnerella.

Furthermore, according to the invention the antigen is more preferably a polypeptide of
M. tuberculosis, such as CFP-10, ESAT-6, TB7.7, TB37.6 and MPT63 or a polypeptide

mixture, such as tuberculin PPD.

Furthermore, according to the invention the antigen is particularly preferred a
polypeptide of Borrelia spec, such as VISE, pS8 (OppA-2), BBK32, pl4, p20 (BBQO3),
p21-24 (OspC), p37-38 (FlaA), p4l (Flagellin, FlaB), pl9 (OspE), pl8, Crasp3,
BBA36, BB0323, p26 (OspF), p28 (OspD), p30, p39, (BmpA), p60-65 (common
antigen, Hsp60), p83-100, p17 (Ospl7), p31-32 (OspA) and p34 (Osp B) or Borrelia

lipids or a lysate of Borrelia strains.
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not be considered as being limiting but rather as representing merely examples. Protozoa, in particular
Protomonas, Diplomonas, Polymastigidia, Amoebae, Toxoplasma and Coccisidia, Microspora,
Helminthes, Trematora, Cestoda and Nematoda. In a further preferred embodiment of the invention it
is envisaged, that the antigen is a tumour antigen or an autoantigen. In the context of the present
invention an "autoantigen” is understood be a antigen, which exhibits structures in the foul' of peptide
fragments, which represent the bodies own structures. In cases in which T cells are present, which

exhibit reagivityRaainsiesiah-aBoantiganss the presenseed anauiPinRUARidiseassdstaessible.
Autoantigens are also_tel wed self antigens or autoimmune antigens. In the context of the present

invention iti&RRARIE RS AHEASHTRIRE P lendogRich Meicarecstnsm s thf daxeriop AT atSimmune

disease, respegivelys mayxdedatesiad dpuiineybatiopwithiadamurassaciaedehantenmune
antigen. In a preferred embodiment of the gresent invention the antigen is a human tumour antigen.

According FHRESFRERION PUriibEarkFbratefett ST HiBE e e st Mty H (PSR MER-2/neu,
Mucin-1, oveenpsesseshwilddypeag.as wel-as p58ashihilingReinicrHIatigNsMAGE antigen and

CEA (Carcino-Embypnic-ArEiégen). In a further preferred embodiment the antigen is an autoimmune

antigen. ACUBFEHE TS 138NN EaH PrerarEy RO Ar St o IHRTIRE Aty eh RSP SRURIp R SERERRIs (MS),

such as thgmyetisihasicipsetein, (MBRIothrimyetinaligndendiamndescelycomietain (Wi the myelin
proteolipid protein (PLP), mdrelin, the MBP/PLP fusion protein m@gﬁl@in associated basic

protein of SHgBHERRGEREL ﬁ@gwﬁilﬁe%ﬁwaéﬁ@r&w%ﬁ%%ﬂﬁ%%ﬁ Phegacteria

myelin-asspciateekghicoriateife(Mderhas welhas: glveapmeigini RO thereripheiahmpein frotein 22
(PMP-22/PAS-II), the,pl? 1¢c/SAG (Schwann Cell Membrane glycoprotein), the oligodendrocyte

myelin glycBBrEEFEaMRgeF th8%chwann cell myelin protein (SMP), the transaldolase, S10013, Alpha
B crystallin, 2', 3'-cyclic nucleotide 3' phosphodiesterase (CNP), the ciliar neurotrophe factor (CNF)
and the in%Il fzilbé?#}?e? %L%ifcc:ar%?ltgimnb((%li:rﬁ\g)n){ of the invention the antigen is a fungal antigen. In a

particularly preferred embodiment of the invention the antigen is derived from a fungus

pathogenic for humans. In the following exampies according to the invention for such

fungi are listed. This list shall in the context of the present invention not be considered

as being limiting but rather as representing merely examples. Yeast, in particular

Candida, Cryptococcus, Malassetia, Hyphomycetes, in particular Aspergillus,

Trichphyton, Microsporum, and Epidermophyton, dimorphic fungi, in particolar

Histoplasma, Blastomyces, Coccidioides, Paracoccidioides, Sporothrix, and

Pneumocystis.

In a further embodiment of the invention the antigen is an antigen of a parasite. In a
preferred embodiment of the invention the antigen is derived from a parasite pathogenic
for humans. In the following examples according to the invention for such parasites are
listed. This list shall in the context of the present invention not be considered as being
himiting but rather as representing merely examples. Protozoa, such as Trypanosoma,
Leishmania, Trichomona, Giardia, Amoebae, Plasmodia, Toxoplasma, Cryptosporidia,
Microsporidia. Trematoda, such as Schistosoma, as well as Cestoda, such as tape worms
and Echinococci, as well as Nematoda, such as Trichuris, Trichinella, Strongyloides,
Ancyclostoma, Necator, Enterobius, Ascaris and Filarioidea. In a further preferred
embodiment of the invention the antigen is a polypeptide of parasites pathogenic for
animals. In the following examples according to the present invention for such parasites

pathogenic for animals are listed. This list shall in the context of the present invention

33



Furthermore, according to the invention an autoimmune antigen for type 1 diabetes (juvenile diabetes
mellitus), such as insulin B, preproinsulin (PPI), the tyrosine phosphatase IA-2, the glutamic acid
decarboxylase 65 (GADG65), the heat shock protein Hsp60, the islet cell protein 1CA69, IGRP, cd4,
chromogranin A (ChgA) (see also Velthuis et al. (2010) Diabetes) is preferred. In a particularly
preferred embodiment of the invention the antigen is selected from the group consisting of PSA,
HER-2/neu, mucin-1, MAGE, CEA, myelin basic protein (MBP), myelin oligodendrocyte glycoprotein
(MOG), myglinprotealipicRrofein RlePhmeinpiRSHIAB . £-RIR-BIHID. 1k £ADAR ESP60,
ESAT-6, CFP-10, TB7.7, TB37.6, MPT63, tuberculin PPD, p14, OspC, p37-38 (FlaA), p41, OspE,
OspF, Osplio3920sh 7 Pesisala sPrefopamsgag Dipkmaasp oP olvmaniei$iges AmodEs, BZLF1,
EBNA3, EBYARIERNAG BMEGLi EBNAMRRE I QREARRARR, OREAB(HBSAGHBFARAN AdV5. In

a further preferred embodiment of the invention the antigen is selected from polypeptides, which
contain ep%ﬁ%@‘%ﬁa‘r helper cells. In a further preferred embodiment of the invention it is envisaged,
that the period of time for contacting in step a) and the incubation in step b) is from 0 hours to 72
hours, preferably 4, 6 or 8 hours. Furthermore it is envisaged as being preferred, that the period of

time in stepfa} ptelspsdembriomet b nreiien prdferanrracs B hewyigirthérmore,

preferably aggerdingidhe dpventiondhsperod of inedmatep aF and/ossleR:b)is &pstiogof time from
0 to 48 hours, more preferably from 0 to 36 hours, more preferably from O to 34 hours, more preferably

from 0 to 3PHBGRISHOrd DB Of 6 B BEROMRICH SrEferdBR FED the2fRBUPE, more

preferably fomQ Q.26 Bayrsnarepreferably om0 4o 24hrus.nereRieferahly.framito 22 hours,
more preferably from 0 to 20 hours, more preferably from O to 18 hours, more preferably from O to 16

hours, mor&praferettiy HuRE CtoPs HEarEY Hhorepisterdsly Reamtigrs RBaiBreEe fref@ably from 0

to 12 hoursypaienirierysiron QdesiidhonigomerrrefetablyframRde Adpursy serke preferably
from 0O to 8 hours, more preferably from 0 to 7 hours, more preferably from 0 to 6 hours, more

preferably GRS 38 ore preferably from 0 to 4 hours, more preferably from 0 to 3 hours,
more preferably from 0 to 2 hours and more preferably from O to 1 hour. In a further preferred
embodiment of the inventign the period of time in step a) and/or step b) is 0 to 60 minutes, more

preferably BeSoeARiRitee! HErBBIEerRBRHBMD I sty isededr #hord e Aty tov3trninutes,
more preferahbuf 030 MiINHRSsGF AP RiRiabi A il miNdips MRers, RreleRbikEdedgyminutes and

more preferably O to 5 minutes. According to the invention it is furthermore envisaged as preferred,
that the firSPRHRAGSEOY APCERAINS ERE fh ATk B TcIiEA  nucleic acid or a protein, in
particular an RNA, a DNA, a nucleic acid fragment, a peptide or a peptide fragment, and is induced by

contact and incubation with the at least one antigen, . , ]
In a preferred embodiment of the present invention the antigen is a human tumour

antigen. According to the invention particularly preferred are the prostate-specific
antigen (PSA), HER-2/neu, Mucin-1, overexpressed wild-type p53 as well as p33
exhibiting point mutations, MAGE antigen and CEA (Carcino-Embyonic-Antigen).

In a further preferred embodiment the antigen is an autoimmune antigen. According to
the invention preferred is an autoimmune antigen for multiple sclerosis (MS), such as
the myelin basic protein (MBP), the myelin oligodendrocytes glycoprotein (MOG), the
myelin proteolipid protein (PLP), myelin, the MBP/PLP fusion protein (MP4), the
myelin associated basic protein of oligodendrocytes (MOBP), the oligodendrocytes
specific protein (OSP), the myelin-associated glycoprotein (MAG) as well as
glycoprotein PO, the peripheral myelin protein 22 (PMP-22/PAS-II), the pl 70k/SAG
(Schwann Cell Membrane glycbprotein), the oligodendrocyte myelin glycoprotein
(OMgp), the Schwann cell myelin protein (SMP), the transaldolase, S1008, Alpha B
crystallin, 2°, 3’-cyclic nucleotide 3° phosphodiesterase (CNP), the ciliar neurotrophe
factor (CNF) and the glial fibrous acidic protein (GFAP).
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In a further preferred embodiment of the invention it is envisaged, that the marker of the APC is 4-1BB
Ligand (4-1BBL), 0X40 ligand (0X40L), TNFSF (CD70), B7.1 (CD80), B7.2 (CD86), FcyRIll (CD16),
FcyRIl (CD32), FcyRI (CD64) or a further representative of the TNF/TNF-receptor and/or
immunoglobulin superfamily or a member of the CXCL family e.g. CXCL9, CXCL 10, CXCL11 or a
member of the chemokine (C-C motif) ligand family e.g. CCL2, CCL 7, CCL8, CCLIO or IL 1RN. In a
further preferred embodiment of the invention it is envisage, that the marker of the T cell is IFN-3,
[NF-y, TNF-a, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12, IL-13, GM-CSF, TGF-13, MIPla, MIP1b, 4-1BB, CD25,
perforM and/or granzyme. Furthei more, according to the invention it is envisaged that the marker of

the T cell i§ WRIFMOE Gy RSKITEIBE Ao RNETION e 4B RERVAT N #4816 B85 clivaiRF e mory T

cells. Prefefiedinarkessascanding.to, thedaventigare i, pasigriasausleipmgidsmavhiehsate naturally
detectibly increased in_their production in an APC after epitope-s&ecific recognition of the APC bya T

cell. ExamBlsSHBre Y hacldic SRIALsAnY iAverRos et s GARESAREE HrantROGA SRR ules of

4-1BB ligapgddol BRL)sandcHe ¥digand40XdQp) (@shimaabatad P94 JCHBALNR: 159,
3838-3848; den Haan and Bevan; 2000, PNAS 97, 12950-12952). Furthermore, according to the
invention pYé’ﬂé‘?Pé?jeéfg'rg&F\pA%é?&&?ﬁ}s&? 8F¥F&"EBstimulatory proteins B7.1 (CD80), B7.2 (CD86) and

of Fas ligand (FasL), as well as other proteins of the TNF/TNF receptor family and immunoglobulin
superfamily, as well as various Fe-receptors and mRNA molecules of cytokines and chemokines. In

addition, a2 GrBMTH Y AHE RGEHRERSheorResiraerad MfclBieuinistbs ariesBbesttied Wikss&Broduction is

delectably insipaseshRiifgduees i ANERRO e toushedifismecagnition, ohsdplypaptidedeasented
together with MHC praoteins on ?t}ﬁ %iyof the same APC by an activated T cell. In a further

preferred dMbtidimtertigrthaar A f?g?g?t SRvSLIRAMRPS bR Bt dmE R A AtfiEation in step

¢) and d) isgamiedipsfiadaitionalydmRER quantitative RCRISRC RRAICHagsy. IHAGE7BLISpot
and/or ELISA. A further subject matter of the present invention relates to a kit for carrgfrg] out the

inventive methdds ¥ompBrisig AEHEAst DRe i g&P GnA d PrnER Adirfbh SATBRA IR first

marker.  p39, Ospl7, OspA, OSP B, Pr35% p24, p17, POL, RT, nef, pp65, IE1, IE2, BZLFI,
EBNA3, EBNA2, EBNA6, BMLF1, EBNAI1, ORF1, ORF4, PRF62, ORF68, HBsAg,
HBcAg and AdVS5.

In a forther preferred embodiment of the invention the antigen is selected from

polypeptides, which contain epitopes of T helper cells.

In a further preferred embodiment of the invention it is envisaged, that the period of
time for contacting in step a) and the incubation in step b) 18 from 0 hours to 72 hours,
preferably 4, 6 or § hours. Furthermore it is envisaged as being preferred, that the period
of time in step a) and/or step b) is from 0 hours to 72 hours, preferably 4, 6 or 8 hours.
Furthermore, preferably according to the invention the period of time in step a) and/or
step b) 1s a period of time from 0 to 48 hours, more preferably from 0 to 36 hours, more
preferably from 0 to 34 hours, more preferably from 0 to 32 hours, more preferably
from 0 to 30 Hours, more preferably from 0 to 28 hours, more preferably from 0 to 26
hours, more preferably from 0 to 24 hours, more preferably from 0 to 22 hours, more
preferably from 0 to 20 hours, more preferably from 0 to 18 hours, more preferably
from 0 to 16 hours, more preferably from 0 to 15 hours, more preferably from 0 to 14
hours, more preferably from 0 to 12 hours, more preferably from 0 to 10 hours, more
preferably from 0 to 9 hours, more preferably from 0 to § hours, more preferably from

to 7 hours, more preferably from 0 to 6 hours, more preferably from 0 to 5 hours, more
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In a further preferred embodiment of the invention the kit comprises furthermore a pair of primers for
amplification of the second marker. In a further preferred embodiment the kit comprises furtheimore a
pair of primers for amplification of the reference gene. Furthermore, it is according to the invention
preferred if the kit contains additionally probes as well as a cell culture media. In a further preferred
embodiment according to the invention the kit additionally comprises RNA-stabilising reagents, a
RI-master mix, a gPCR-master mix, a positive control, and a positive reagent. According to the

invention a,RRSHNIS GRAIrOkS UBHRISIRRE ta-Re Akalipatamonauef e makerbNAinbe amplified.
According to the invention a -positive reagent” is understood to be a reagent, which stimulates the

marker of tHe2AlSBrE A8 R RIEcaMF BTy Qusehbawr therdurhsigerafesit rvkadirecakaiples for a

-positive re@gefizcaieoR MA/ Isgasaysinialamh agtiyatingnranii-Glag & padikody #v Gambipatign.with
prostaglandin E2 (PGE2). In a preferred embodiment of the invention it is envisaged, that the kit
comprises RiFtRERRO I Bt SHIRIFE s R e e &ifth Bt tmitiei e ke gy PR dPCR or

mircoarrayzdrihedallandrg pherdmigptivnis dlusiiated Bothe,rubssdHent.eXampiRses hese examples
are to be considered as specific embodiments of the invention and shall not be considered to be

limiting. In Breferab L SbReAieinand a1 sr aetbeably Yitet&Hiattn and quantification of specific T

cell populations, such as activated T cells, T cell induced maturation processes in antigen-presenting
cells (APC) were analysed. For this purpose a cell culture model was developed, which is based on

the cocultufE TG ENIS ABEEPRBCRFFER NG ERIRISaT e irstededntpt ibsfiisiia i per cells.
In this modef sayatemCarieiasiohikenopdedrARE s afARCstaasded iaianiireleyantantigen with

pre-activated antigen-specific T helper cells and (ii) antigen-loaded APCs with unspecifically activated

T cells or aAES TPHENEr CelSHith 24 dEmEs foraRpide aing SRyl dseeatndyhtve controls.

The detectigmRbamigemeresHiridcipineh ¢allp (h.eeds) isndanadenthis system by comparative
guantification of the marker mRNA production in specifically stimulated an unstimulated culture

samples by reverse transcription quantitative real time polym erase chain reaction (RT-gPCR). a)Ex
vivo expangionieftaptigelesRaci it JdlGellSof the invention it is envisaged, that the marker of the

APC is 4-1BB Ligand (4-1BBL), OX40 ligand (OX40L), TNFSF (CD70), B7.1
(CD80), B7.2 (CD86), FeyRII (CD16), FeyRIL {(CD32), FeyRI (CD64) or a further
representative of the TNF/TNF-receptor and/or immunoglobulin superfamily or a
member of the CXCL family e.g. CXCL9, CXCL10, CXCL11 or a member of the
chemokine {C-C motif) ligand family e.g. CCL2, CCL 7, CCL8, CCL10 or IL1RN,

In a further preferred embodiment of the mnvention it is envisage, that the marker of the
T cell is IFN-B, INF-y, TNF-a, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12, IL-13, GM-CSF,
TGF-p, MIPla, MIPib, 4-iBB, CD25, perforin and/or granzyme. Furthermore,
according to the invention it is envisaged that the marker of the T cell is a further

cytokine or chemokine produced by activated T cells or reactivated memory T cells.

Preferred markers according to the invention are in particular nucleic acids, which are
naturally detectibly increased in their production in an APC after epitope-specific
recognition of the APC by a T cell. Examples for such nucleic acids being inventive
markers of the APC are mRNA molecules of 4-1BB ligand (4-1BBL) and the OX40
ligand (OX40L) (Oshima ef ¢/ 1997, J. Immunol. 159, 3838-3848; den Haan and
Bevan; 2000, PNAS 97, 12950-12952). Furthermore, according to the invention
preferred are mRNA molecules of the costimulatory proteins B7.1 (CDR80), B7.2
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For the generation of ESAT-6/CFP-10-specific activated Th cells CD4+ T cells of donors with a latent
Mycobacterium tuberculosis infection were expanded for a period of 3-4 weeks in vitro. For this
purpose the blood of the donors was extracted in a heparinized syringe, diluted with PBSwilhout
(phosphate buffered saline without bivalent ions; Lonza) and then the blood cells were separated
according to their density via a density centrifugation gradient using Pancoll (Pan Biotech) for 30 mm
at 20C and 800 x g. Subsequently the PBMCs were isolated from the gradient and washed two times

(CD86) and of Fas ligand (FasL), as well as other proteins of the TNF/TNF receptor
family and immunoglobulin superfamily, as well as various Fc-receptors and mRNA
molecules of cytokines and chemokines. In addition, according to the invention
preferred are nucleic acids of any polypeptide, whose production is detectably increased
or reduced in an APC due to specific recognition of a polypeptide presented together

with MHC proteins on the surface of the same APC by an activated T cell.

In a further preferred embodiment of the invention it is envisaged, that the detection and
the quantification in step ¢) and d) is carried out additionally by PCR quantitative PCR
{qPCR) microarray, FACS, ELISpot and/or ELISA.

A further subject matter of the present invention relates to a kit for carrying out the
inventive methods comprising at least one antigen and a primer pair for amplification of

the first marker.

In a further preferred embodiment of the invention the kit comprises furthermore a pair
of primers for amplification of the second marker. In a further preferred embodiment the
kit comprises furthermore a pair of primers for amplification of the reference gene.
Furthermore, 1t is according to the invention preferred if the kit contains additionally

probes as well as a cell culture media.

In a further preferred embodiment according to the invention the kit additionally
comprises RNA-stabilising reagents, a RT-master mix, a qPCR-master mix, a positive
control, and a positive reagent. According to the invention a “positive control” is
understood to be a defined amount of the marker DNA to be amplified. According to
the invention a “positive reagent” is understood to be a reagent, which stimulates the
marker of the APC unspecifically even in the absence of the activated T cell. Inventive
examples for a “positive reagent” are PMA/lonomycin or an activating anti-CD40

antibody in combination with prostaglandin E2 (PGE;).

In a preferred embodiment of the invention it is envisaged, that the kit comprises
furthermore primer, which allow the detection of markers of the APC by PCR, gPCR or

mircoarray.
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with PBSwahout for 10 min at 300 x g. Then the CD4+ T cells were isolated by using the MACS
technique (CD4H T cell isolation kit 11, Miltenyi) and cultured by weekly stimulation with an
ESAT-6/CFP-10 fusion protein (AG Lindner, Institute for medical Microbiology and Hygiene, University
Hospital Regensburg) loaded, autologous APC (mature dendritic cells, PBMC) in a ratio of 1:3 (Th
cells:APC) in complete R5 media (RPMI 1640 (Pan Biotech), 5 % human AB serum (produced from
the blood of donors with blood group AB), | % penicillin/streptavidin (PAN Biotech)). For this purpose
the

In the following the invention is illustrated by the subsequent examples. These
examples are to be considered as specific embodiments of the invention and shall not be
considered to be limiting,

In order to establish the method for detection, differentiation and quantification of
specific T cell populations, such as activated T cells, T cell induced maturation
processes in antigen-presenting cells (APC) were analysed. For this purpose a cell
culture model was developed, which is based on the coculture of antigen-loaded APC
with ex vive expanded, activated antigen-specific T helper cells. In this model system
cocultures of (i) unloaded APCs or of APCs loaded with an irrelevant antigen with pre-
activated antigen-specific T helper cells and (ii) antigen-loaded APCs with un-
specifically activated T cells or activated T helper cells with a specificity for an
irrelevant antigen serve as negative controls. The detection of antigen specific T helper
cells (Th cells) is done in this system by comparative guantification of the marker
mRNA production in specifically stimulated an unstimuiatéd culture samples by reverse

transcription quantitative real time polymerase chain reaction (RT-gPCR).

a) Ex vivo expansion of antigen-specific Th cells

For the generation of ESAT-6/CFP-10-specific activated Th cells CD4" T cells of
donors with a latent Mycobacterium tuberculosis infection were expanded for a period
of 3-4 weeks in vitro. For this purpose the blood of the donors was extracted in a
heparinized syringe, diluted with PBSyimen (phosphate buffered saline without bivalent
ions; Lonza) and then the blood cells were separated according to their density via a
density centrifugation gradient using Pancoll (Pan Biotech) for 30 min at 20°C and 800
x g. Subsequently the PBMCs were isolated from the gradient and washed two times
with PBS,itou for 10 min at 300 x g. Then the CD4" T cells were isolated by using the
MACS technique (CD4" T cell isolation kit II, Miltenyi) and cultured by weekly
stimulation with an ESAT-6/CFP-10 fusion protein (AG Lindner, Institute for medical
Microbiology and Hygiene, University Hospital Regensburg) loaded, autologous APC
(mature dendritic cells, PBMC) in a ratio of 1:3 (Th cells:APC) in complete RS media
(RPMI 1640 (Pan Biotech), 5 % human AB serum (produced from the blood of donors
with blood group AB), 1 % penicillin/streptavidin (PAN Biotech)). For this purpose the
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38 APC were loaded with 10 jig/ml of the ESAT-6/CFP-10 fusion protein in a concentration of 1x107
cells/ml in complete R5 media for 3 hours (h) at 37C in humidified atmosphere with 5 % CO2 and were
subjected 7-radiation of 30 Gy prior to culturing with the isolated Th cells. For an optimal proliferation
of the Th cells 50 U/mL recombinant IL-2 (Proleukin S, Novartis) were added to the cultures. The '
proliferation of the Th cells was weekly determined by detection of the total cell number of vital cells by
using a hemocytometer. The specificity of the culture was likewise determined weekly by detecting the

number of Ry 36 GRARL RERHVAT Gellaler SUMUBRNAPrITacaier PEYCS ogred wih

ESAT-6/CFP-10. For thisg)urpo§e the Thcells of the expansion culture were incubated in a ratio of 1:1
with freshlyfSsRitéatigttsbdads Pees fon 6chapBRCna®dis d02 Inhsresetideadf A0 igim1

ESAT-SCTRIALE B ARUS olineatn BB Az ackadia aboldnn e elease

from the cells. Samples stimulated in each case with 1 jig/m1 PMA/lonomyci stimulated
samples, réspeendelyitBdhfeirelatpdsitvedisd Fegativerbsritaroliffictien cdsthadlates)imdhoclonal

anti-CD49d jangd anti-GR28anfipodi .adge imulations : q to the
incubation followed g sin%éiéﬁwas%?ngsgﬁ&psﬁﬁ%r%h%E&J%ggge%% %&é%?i ,j,ﬁ'{,n%greé1 gi(?g%dl:gﬂt] e cells and

the cells cdtitiifigeiracdthand sobswgseresiiidgiesnngd by detectiantitis tisdadbduarthe cells
were resustgegggdcgugh@gqg%% Thendbe fiuniace mﬁéeﬁ&gﬁﬁi@{@eo?ﬁl%"ﬁglmg; %@%?JD%&S%EG 5 pl of the

following fluorophor-conju%a antibodies: anti-CD3 allophycocyanin-H7 (BD), antiC

allophycoc§asinipe) wsskle s dséertinmteamrsiyr pididih(Bn). GhéMuredtvstdimedswlstdone for 20

min in the dark alyoemitsmparatderBReRts.galIsEreMeshsdmd el with gﬂfgo%% aﬁﬁ/o
parafoimaldehyde (PFA) (Sigma Aldrich) in PBSthout for 10 min at room temperature in the dark. After

a further waSHiIRGSSPE St eSuinipg SRR iNeecEvb IIND 2areivelifak: bivtith intrhbe bt @DAOL was

done 30 mip,A14EOKN PRINREI WS i, the dat inspresence of LA L2, )/ sapanind Sk Rep) in
PBSwithoul for penneabilisation of the cellsé)’y using 1 pA anti-IFN-y-fluorescein isothiocyanate (BD)

and 10 p.1dheéeien Ruphpédasphniietbrsicidie s hascedded srabndisheblawitekivigrdersis saponin in

PBS ",,.h0 grapdsespapensadin308phib%iPHA P BRWAhHt The siripephorlls weLs analysed in a
FACS CANTO Il flow cytometer (BD). For this purﬁ)ose the cell populations were first separated

according P RIRMEAFY R R HECARErtitdYs ighROSHEVE tishsegté popoatnswezanthen
analysed V@Hﬁﬂ&%@eﬁ@?@ﬁﬁﬁ&%ﬁ§§{9@9f4§tp§nd“ﬂ1ﬁ‘g§5f@'%ﬁ‘&{&é@%@?@%’&&fj i dgspect to 39

expression of the CD4 and CD8 protein. CD4+ T cells were then analyzed with respect to expression

of IFN- y afdPeission spapieis poiposaire Beréestbyionriabovméd eoalr-s/ching gtes Specific T
helper cellsnasudricrmined s hasisefdhapureasiouef Rhme 206 CRAAk (Watg netdgpicted). In the

expansion cultures a continuous Eroliferation of T helper cells was observable, which was

accompanittf By afRintcreigsé s s Arvsreatpiyasphissnedeh axlidrererlls whee rsaspended Brto 18 (Yo

specific Thigelis geuldrhe.aRretatedinhe-exRANGIRN eulllres Wie Bepsirtion.Aqd gharagterisation of
EBV- (BZLF1) and CMV- (pp65) specific Th cells was done analogous to the aforementioned

experimentat SroeedRE B EREBISS S aiifredies: EBV-CIR Evnhsersenve dBRrsiéspectively.
CD4 allophycocyanin (BD), anti~-CDS8 peridinin chlorphyll protein (BD). The surface

staining was done for 20 min in the dark at room temperature. Then the cells were
washed and fixed with 500 pl 2 % paraformaldehyde (PFA) (Sigma Aldrich) in
PBSyitmow for 10 min at room temperature in the dark. After a further washing step the
staining of the intracellular IFN-y as well as of the intracellular CD40L was done 30
min at room temperature in the dark in presence of 10 ul 2 % saponin (Carl Roth) in
PBSyimow for permeabilisation of the cells by using 1 pl anti-IFN-y-fluorescein
isothiocyanate (BD) and 10 pl anti-CD40L R-phycoerythrin (BD). Then the cells were
washed twice with 0.1 % saponin in PBSqen and resuspended in 300 pl 1% PFA in
PBSwitmow- The stained cells were analysed in a FACS CANTO 11 flow cytometer (BD).
For this purpose the cell populations were first separated according to forward scatter
light and side scatter light. The lymphocyte populations were then analysed with respect

to their expression of CD3. AIl CD3" cells were then analyzed with respect to
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b)Cocultures of ex vivo preactivated ESAT-6/CFP-10 specific Th cells with freshly prepared
autologous PBMCs loaded with ESAT-6/CFP-10 fusion protein. Freshly prepared PBMCs of donors
with latent tuberculosis were cocultured in B cell media (Iscove's Modified Dulbecco's Medium (1IMDM)
(Lonza), 10 % human AB serum, 6 ng/m1 IL-4 (Miltenyi Biotech), 50 ng/ml transferrin (Roche), 5
ug/m1 insulin (Roche) in a ratio of 1:1 with a total cell number of R106 cells/ml in presence and
absence of 10 kg/m1 ESAT-6/CFP-10 fusion protein with ex vivo preactivated ESAT6/CFP-10 specific
Th cells of the,expansioceiuesineseliusre isubated 1ot L0 Mmal 3G 0 & % E Qg uerein
samples of in each case 2x105 cells were removed at different time points {e.g. after 0; 0.5; 1; 2; 3; 4;
6; 8 and 10hy*mresen s Mwifthpéérdifliged, the supernatant discarded and the pellet immediately
frozen in liquid nitrogen. Until further processing the samples were stored at -80C. Beforehand in one -
coculture of the freshly prepared PBMCs with the autologous ex vivo preactivated Th cells the
presence dfehéEcHvERSA hanEroBgoricriNated A hEPFhatsnesidiaralieiper 69BF time after
stimulationyiths ESATsOACHRA0s These-apalyges shave thahsnesifioa!in.viltp destinyaied Th cells
exhibit a transient expression of CD4OL on their surface, wherein the highest number of CD40L
expressingtee | pEs 8hseifaisie aftenbsws pobdeatiore With diepnidivenarPestdats not shown).

c)Quantificgion, of 4s LREIRRINA B PRMGS4sIngRIsaRGRapindirget detestion. gf anfigen specific
activated Th cells Using the pe%Lab peqg GOLD total RNA kit (pegLab), the total RNA was isolated

from the cetfi§bmpiascnAcohianmneativnd hresesrernbl/ B desipigtadip Stfoend PR ASENSigest Kit
(peqLab). Tie tatalBiNg was gluisddn 80l BEESWaler(k b %H"@Q/{W@t&{?@%ssﬂaéahc Th

diethylpyrocarbonate (Sigma); incubation for 1 h at 37C and subsequent autoclaving for 15 mm at
121C. cells was done analogous to the aforementioned experimental procedure by using blood

samples of EBV- and CMV-seropositive donors, respectively.

b) Cocultures of ex vivo preactivated ESAT-6/CFP-10 specific Th cells with
freshly prenared autologous PBMCs loaded with ESAT-6/CFP-10 fusion

protein.

Freshly prepared PBMCs of donors with latent tuberculosis were cocultured in B cell
media (Iscove’s Modified Dulbecco’s Medium (IMDM) (Lonza), 10 % human AB
serum, 6 ng/ml IL-4 (Miltenyi Biotech), 50 ng/ml transferrin (Roche), 5 pg/ml insulin
(Roche) in a ratio of 1:1 with a total cell number of 1x10° cells/ml in presence and
absence of 10 pg/ml ESAT-6/CFP-10 fusion protein with ex vivo preactivated ESAT-
6/CFP-10 specific Th cells of the expansion culture. The cells were incubated for 10 h
at 37°C in 5 % COa, wherein samples of in each case 2x10° cells were removed at
different time points (e.g. after 0; 0.5; 1; 2; 3; 4; 6; 8 and 10 h). These were swiftly
centrifuged, the supernatant discarded and the pellet immediately frozen in liquid
nitrogen. Until further processing the samples were stored at -80°C. Beforchand in one
coculture of the freshly prepared PBMCs with the autologous ex vive preactivated Th
cells the presence of the activation marker CD40L on the surface of the Th cells was
analyzed over time after stimulation with ESAT-6/CFP-10. These analyses show, that
specifically in vitro restimulated Th cells exhibit a transient expression of CD40L on
their surface, wherein the highest number of CD40L expressing cells was observable

after 6 hours of coculture with antigen loaded APCs (data not shown}.
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For the reverse transcription (RT-PCR) into cDNA 10 pl of the eluted RNA were mixed with 10 O of the
RT-PCR master mix. The RT-PCR master mix contains in DEPC water 50 mM buffer A (TagMan 1000
RXN Gold with buffer A (Applied Biosystems), 5 rnM MgC12 (TagMan 1000 RXN Gold with buffer A
(Applied Biosystems)), 2.5 inM randomized hexamer primer (MWG Operons/Eurofins), 5 mM dNTP,
2.5 U/n1 MuLV reverse transcriptase (Applied Biosystems), 1 U/n1 RNase inhibitor (Applied
Biosystems). The reverse transcription was done for 15 mm at 23C, 5 min at 95C and 30 mm at 42C

and by usipg a PTC- 200%&&5@3&9&&99@%&%@4%&%&%%@@mgﬁ%k% QPR é@?{%&%&'x (50 mM
buffer A, 6.875 mM MgCTZ2, 0. } .orwar prlmer biomers,
represented in SEQ ID NGEEHQIBOBANILCRBPRICHEGEFIY 3 CATCGATCAGCAGAAC blomers
represented in SEQ ID NO:2; 0. 2525 nM 4-1BBL probe FAM CCACCAGCTGCGCAAACATGCTMR,
TIB Molbiol, represented in SEQ ID NO:3; 0.30 e%M GAPDH forward primer

GAAGGTAANE ETretATTg %@nﬁ%igtqle%?é@ itdagnl RO Nel XY 3oanvrBERP DPMteverse
primer GTW&@%@@@H@@@&I&QM%@MWQ IRE QPN %t}%x&?%@alﬂch\/' GAPDH
probe YAKTCATTGATGGCAACAATATCCACT-TMR, TIB Molbiol, represented by SEQ ID NO:6;
0.003125 Wigest d6it ety dias il DR et vieddmplos AR 0vsttee hdneisiacDNA. The
temperaturg Repfilg Qf heAPGERISAMPSISEHAAD TUNHIES. SIRRBLINC ARd pubsgayendy ) cycles
consisting of 15 s at 95C and 1 min at 60C and was done with a StepOnePlus real time PCR system
(Applied BiSgypswwR) agtepeyipsifer Wwhisinabrsitiftively express 4-1BBL mRNA, served as positive
control and reference. These were treated in the test in the same manner as the samples. 41

Subsequently a relative quantification of the 4-1BBL mRNA was done by using the
For the reverse transcription (RT-PCR)} into cDNA 10 ul of the eluted RNA were mixed

with 10 pl of the RT-PCR master mix. The RT-PCR master mix contains in DEPC
water 50 mM buffer A (TagMan 1000 RXN Gold with buffer A (Applied Biosystems),
5 mM MgCls (TagMan 1000 RXN Gold with buffer A (Applied Biosystems)), 2.5 mM
randomized hexamer primer (MWG Operons/Eurofins), 5 mM dNTP, 2.5 U/ul MulLV
reverse transcriptase (Applied Biosystems), 1U/ul RNase inhibitor (Applied
Biosystems). The reverse transcription was done for 15 min at 23°C, 5 min at 95°C and
30 min at 42°C and by using a PTC-200 Peltier thermocycler (MJ Research). Then 24 pl
qPCR mastermix (50 mM buffer A, 6.875 mM MgCl,, 0.308 uM 4-1BBL forward
primer GAGGGTCCCGAGCTTTCG, biomers , represented in SEQ ID NO:1; 0.308
uM 4-1BBL reverse primer GCCCATCGATCAGCAGAAC, biomers, represented in
SEQ ID NO:2; 0.2525 uM 4-1BBL probe FAM-CCACCAGCTGCGCAAACATGC-
TMR, TIB Molbiol, represented in SEQ [D NO:3; 0.308 uM GAPDH forward primer
GAAGGTGAAGGTCGGAGTC, biomers, represented in SEQ ID NO:4; 0.308 uM
GAPDH reverse primer GTAAACCATGTAGITGAGGTC, biomers, represented in
SEQ D NOS;  0.2525uM GAPDH probe YAK-
TCATTGATGGCAACAATATCCACT-TMR, TIB Molbiol, represented by SEQ ID
| NO:6; 0.003125 U/ul TaqGold polymerase in DEPC water were mixed with 6 ul of the
generated cDNA. The temperature profile of the gPCR comprised a 10 minutes step at
95°C and subsequently 50 cycles consisting of 15 s at 95°C and 1 min at 60°C and was
done with a StepOnePlus real time PCR system (Applied Biosystems).

THP-1 cells, which constitutively express 4-1BBL mRNA, served as positive control

and reference. These were treated in the fest in the same manner as the samples.
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likewise previously amplified glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as reference gene
according to the following formula: R = 2 - AaCq AACq = [(Cq 4-1BBL (5) - Cq GAPDH (5)1 - [(Cq
4-1BBL (NK) - Cqg GAPDH (NK)] The results are given as ratio of the marker mRNA production of the
stimulated sample and the corresponding negative control, which have been previously noimalized
with GAPDH. For each sample the analysis was done in triplicate. These analyses showed, that
ESAT-6/CFP-10-specific, preactivated Th cells in cocultures with autologous, ESAT-6/CFP-10

protein-loa P in £ ! ?ﬁ%m i on to yn oaggejd8 %fM measurably increased 4-1BBL
MRNA pro §§58§J¥%§r3%§. %}(% ple ?%drr%lgtioneo in %c ioh 0 ﬁ-f@éﬁ%ﬁ%@%ﬁﬁ&%ﬂ%duction in
cocultures bk&SATP6;CPRIYOp@igkit IphdedBeMEBs3witi tipb atel duibedofgexasy ¢@xpRritled
ESAT-6/C Frgfe]rgn%oégﬂkﬁggoqjéﬁg ) ?ﬁ“y%ﬂowing formula:

R —_ 2 - AACC]

AACq = [(Cq 4-1BBL (8) - Cq GAPDH (S)] - [(Cq 4-1BBL (NK) -~ Cq GAPDH (NK)]

The results are given as ratio of the marker mRNA production of the stimulated sample

and the corresponding negative control, which have been previously normalized with

GAPDH. For each sample the analysis was done in triplicate.

These analyses showed, that ESAT-6/CFP-10-specific, preactivated Th cells in
cocultures with autologous, ESAT-6/CFP-10 protein-loaded PBMCs induce in

" comparison to unloaded PBMCs a measurably increased 4-1BBL mRNA production

(figure 3).

Example 2: Correlation of induction of 4-1BB ligand mRNA production in
cocultures of ESAT-6/CFP-10 protein-leaded PBMCs with the
number of ex vivo expanded ESAT-6/CFP-10 protein-specific Th

cells

ESAT-6/CFP-10 specific Th cells of subjects latently infected with Mycobacterium
tuberculosis were expanded ex vivo as described in example T under item a) and were
subsequently cocultured with freshly prepared autologous PBMCs as described in
example 1 under item b). In this process the number of ESAT-6/CFP-10 specific Th
cells cocultured with 1x10° PBMCs was titrated in a semi logarithmic concentration
series (concentration steps: none, 117, 370, 1170, 3700, 11700, 37000, 117000
preactivated Th cells per 1x10° PBMCs). After 0; 0.5; 1; 2; 3; 4; 6; 8 and 10 hours of
incubation 2x10° cells were removed, pelleted for 5 min at 300 g and the pellet was
immediately frozen in liquid nitrogen. Until further use the cells were stored at -80°C.
The total RNA was isolated according to the protocol in example 1 under ¢) and

analysed in the RT-qPCR with respect to the production of 4-1BBL mRNA.

4



ESAT-6/CFP-10 specific Th cells of subjects latently infected with Mycobacterium tuberculosis were
expanded ex vivo as described in example 1 under item a) and were subsequently cocultured with
freshly prepared autologous PBMCs as described in example 1 under item b). In this process the
number of ESAT-6/CFP-10 specific Th cells cocultured with 1x106 PBMCs was titrated in a semi
logarithmic concentration series (concentration steps: none, 117, 370, 1170, 3700, 11700, 37000,
117000 preactivated Th cells per Ix 106 PBMCs). After 0; 0.5; 1; 2; 3; 4; 6; 8 and 10 hours of

noubation xfis.oaliawers tamovsH-PRIRISHILA MY AA dARd n Relctues fmediately

frozen in liquid nitrogen. Until further use the cells were stored at

according ttPteeptototbl albxantpile Signadesteirat ahdlysadrisetHamRTagRGRodt irespédt to the

production Hiéﬂﬁﬁkﬂ}%oﬂ&m% Fﬁ@l}’éﬁf a clear correlation between the number of
preactivated ESAT-6/CFP10 specific Th cells and the signal strength of the marker (increased

production of 4- 1BBL mRNA) was observable (figure 4). Example 3: Induction of 4-1BBL as well as of

LEN-y mR tion| sulfures 0 -Sfj ith BN 6/CER Qs stimulated
PBMCs anﬁ%%u%%go%lg%ﬁ(gg% é?eﬁ:%ggt@édgﬁvsg é@?%%%%g%%immép%"gb}é%ﬁm% cells
ESAT-6/CFP-10 specificTtrbiairsosbasersiématiated mfd abavithtESWEooLdi@tdnstimuatatddsis were

expanded ex vivo as dessEhRe.InGHARP R RABLICER 200 IEIERNEE WL HipcRGHiyied Wik

freshly prepared autologous PBMCs as described in example 1 under item b). in this process 50,000
ex vivo preactivated ESEPSICHEHB-¢Psprrifithldensilvere cocultured with Ix 106 PBMCs. In intervals
of 2 hours over a period of from 0 to 32 hours 2x105 cells were removed in each case from the culture

sample, pelleted for 5 mm at 300 x g and the pellet was immediately frozen in liquid nitrogen. Until
further useERA EMETREstpesifiat 10 celirhel torl RN ARl s ondist:d codhdidy colmneqrarocol in

example 1 yipder, g)and gnalypgdit the %—qg’%c%@m%%{&éhﬁﬁ{@%&'ﬁna?fﬁﬂd%% MRNA. In

addition, the production of the mRNA of the cytokine 1FN-y , which is released by the T cell after
antigen spéeffietismact sicabeagithidpembly calisawasaitelvimaidided as dieseribed in example 1

under c). FOrQiS PYrRAE: NN PHNG AT IRRIRICREIBYSEE M YRS UG EERIR-SARPH s likewise
used as reference %?ne: IFN-y forward primer GTGGAGACCATCAAGGAAGACAT, biomers,

representetPBi BE QupeNOWEr Esespkavedseighimel ( EBEAS AT TtermbOg ATBAr b AR fs,

representeg by, SHRRNDIS 3 Mot RrobfoF Als WG TGIA LT BRI GEEATE GRGARIEAATMR,
represented by SEQ ID NO:9.
sample, pelleted for 5 min at 300 x g and the pellet was immediately frozen in liguid

nitrogen. Until further use the cells were stored at -80°C. The total RNA was isolated
according to the protocol in example 1 under ¢) and anatysed in the RT-gPCR with
respect to the production of 4-1BBL mRNA. In addition, the production of the mRNA
of the cytokine IFN-y , which is released by the T cell after antigen specific contact of
APC with specific T cells, was likewise analysed as described in example 1 under ¢).
For this purpose the following primer probe system was used, wherein GAPDH was
likewise used as reference gene: IFN-y forward primer
GTGGAGACCATCAAGGAAGACAT, biomers, represented by SEQ ID NO:7; IFN-y
reverse primer GGCGACAGTTCAGCCATCA, biomers, represented by SEQ 1D NO:§;
IFN-v probe FAM-TTCATGTATTGCTTTGCGTTGGACATTCAA-TMR, represented
by SEQ ID NO:9.

In persons latently infected with M. tuberculosis M. tuberculosis specific Th cells are
present i the PBMC mixture, which partially exhibit also a specificity for ESAT-
6/CFP-10. In contrast, activated ESAT-6/CFP-10 specific Th cells occur transiently
during an acutc disease and are only then found in the PBMC mixture. Adding by

titration ex vivo preactivated ESAT-6/CFP-10-specific T h cells to PBMCs imitates an
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In persons latently infected with M. tuberculosis M. tuberculosis specific Th cells are present in the
PBMC mixture, which partially exhibit also a specificity for ESAT6/CFP-10. In contrast, activated
ESAT-6/CFP-10 specific Th cells occur transiently during an acute disease and are only then found in
the PBMC mixture. Adding by titration ex- vivo preactivated ESAT-6/CFP-10-specific T h cells to
PBMCs imitates an acute M. tuberculosis infection. These analyses show, that aside of an increase of
the production the of 4-1BBL mRNA also a relative increase in IFN-y mRNA is detectable in the

coculture QIC‘E%%VMOzBE%ﬁ&}P}@f%'?e§®E OEL Anecila Th gelle il artalon iR LBz of a donor

with latent tuberculosis (figure 5A and 5B). Examp 4 In uction o oduction in
coculturesWE@%@FPfﬂGEB@MelI@Hde@iSDBMKI}@WmESﬁF @@ﬁpﬂ&mﬁb@mmﬁatﬁwd@&d Th-cells or

with unspegifigalbgrepgivatsd.Th gells Foryeilentianof e aptaen spesficfy olge [T method

PBMCs of a donor with latent tuberculosis were stimu ated In presenc absence “of
ESAT-6/CRPtalogetst8ipNfth PredetvantHs - eigrmRlog s pegific Hbtvmté®)Th-cells or with activated
Th-cells not specific for ESAT-6/CFP-10 and the relative increase of 4-1BBL production in
ESAT-6/CFP-10 stimulated in comparison to non stimulated cell cultures was detelmined at different
time pointdixpmsiledihe IRFvgHOR efchriiBBd: FoRNS pugsbsdith dellsaselaizelatEaadescribed in

example 1 under item ak?tf‘ﬁl‘hflﬁ @ﬁ%gnggedlﬁhgﬁllsp gj%guq‘%gd ggﬂfmcg@!% F? %#able T cell

expander beads (Dynabeads, Invitro in aratio of 2:1 in R5 medium f Umidified
atmosphere at 37C and BAyaZl el oy ativh wtthecificalls peeselévatediTdudellflow cytometry by
monitoring the expression of CD40L. This analyses proved, that more than 40 % of Th cells displayed

after 14 days of stimulation with expander beads the CD4OL on their surface (data not shown).
Subsequehty YgiDcBen9iepartdeausbistoaty PEME M weteorddiBM e frepresenvatiand absence

of 10 ugfmﬂat%;ﬁ%Q&E&;wmmmm%&awa{c}@%@5%59§§9%§Aw'afteif%§;%%@é%d

ESAT-6/CFP-10 specific Th-cells (generated as described in example 1 under a)) nspecifically
activated THigenstgeriratEd ad ity eXEmplercoigerchyjatadidhocdls ot witlBadietadd B-bdlws 28105

cells were ipeas.aRogemoNadionh InG aRelivrRaARd shaliRedasdesibarngiample 1 under c)
in a RT-gPCR with respect to the production of 4- IBBL mRNA. These experiments showed direct

correlationibeble®f e lfuriibenbstystesttivemphrison to non stimulated cell cultures was
determined at different time points by using the RT-gPCR technique. For this purpose

Th cells were isolated as described in example 1 under item a) and thus obtained Th
cells were cultured with commercially avatlable T cell expander beads (Dynabeads,
Invitrogen) in a ratio of 2:1 in RS medium for 14 days in a humidified atmosphere at -
37°C and 5 % CO,. The activation of the T cells was determined by flow cytometry by
monitoring the expression of CD40L. This analyses proved, that more than 40 % of Th
cells displayed after 14 days of stimulation with expander beads the CD40L on their

surface (data not shown).

Subsequently 1x10° freshly prepared autologous PBMCs/ml were cocultured in
presence and absence of 10 pg/ml ESAT-6/CFP-10 with in each case 0, 210, 6636 or
66360 ex vivo prestimulated ESAT-6/CFP-10 specific Th—cells (generated as described
in example 1 under a)) or unspecifically activated Th cells (generated as in example 1
under b)). After 0; 0.5; 1; 2; 3; 4; 6 and 8 hours 2x10° cells were in each case removed
from the cocultures and analysed as described in example 1 under ¢) in a RT-qPCR with

respect to the production of 4-1BBL mRNA.

These experiments showed direct correlation between the number of preactivated

ESAT-6/CFP-10 specific Th cells and the relative increase of 4-1BBI expression in
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ESAT-6/CFP-10 specific Th cells and the relative increase of 4-1BB1 expression in 44 specifically
stimulated in comparison to non-stimulated coculture samples. In contrast, in coculture samples with
unspecifically preactivated Th cells a markedly reduced relative increase of the production of mMRNA of
4-1BBL was observable (figure 6). Example 5: Specifity of the induction of 4-1BBL mRNA production
in cocultures of PBMCs from selected M. tuberculosis-, EBV- and CMV-positive donors and ex vivo
preactivated M. tuberculosis- ESAT-6/CFP-10-, EBV BZLF1- or CMV- pp65- specific Th cells in
presence and ahsa &%Lﬁg@&Tﬁ/&F A9 B4k ELOLPR 24042 furtﬂer experiment it was analysed,
whether (i) the Ioadﬁfg (1)f PBMCls_WitEFR/I. tl?bercalo%is E Aﬁ'-%/%)lS %e E%\?!ESZL&]?O%}?%MV pp65
protein peri8ecirilites armumeperific unseditnadi 4pteBBivarR N asdlwvhethak @l thesivdadtion of the
RTT markerpecurs dusfo.ap,interactian, of an AR With,ansactivated Th.cell in antigen specific
manner. Fo? this purpose %y l}g&lg isolated Th ]?‘55 Aoll\; EBV- and\é% \S'/%rgrac%?)%@l%}ged%(ﬁhors with a latent
with M. tuberculosis infection ex vivo expanded and preactivated as described in example 1 under item
a). 70000 gt i ivo SspaRdedrTielngleal weie BleSIRRI FRRHISAINBIGTRRGE and
absence oFIU‘lgfféﬁr ESAT-6/CFP-10, BZLF-1 or pp65 wit %ﬁ&a‘%ﬁ)ﬁgﬁc l)?foi.n,ﬁff?‘eﬁrl ﬁ;ﬁ%ation for O;
0.5; 1; 2; 3; 4; 6; Sand 16¢f HJaM Ox fosnesitdenlede YanmohedidosaehitB¥e frodh €d Camisitives, pelleted
for & mm at 300 x g and g ek MDAV HLAER IR ok al0RN: L Iufther ey fhe cells were

stored at -80C. The total RNA was isolated escribed in the protocol according to example 1 under

c) and analysed for prodtBitorBdiliid-4.or BEMMR MDY siteifithd R TeeliBCiR tockstinere . afidese
analyses verified, that thg, stimulapipq R&é@@ﬁg@@iﬂ@gﬁ%\{l%ﬁg&ith yarious

In a further experiment it was analysed, whether (i) the loading of PBMCs with M.
tuberculosis ESAT-6/CFP-10, EBV BZLF1 and CMYV pp65 protein per se induces an
unspecific activation of 4-1BBL mRNA and whether (i) the induction of the RTT
marker occurs due to an interaction of an APC with an activated Th cell in antigen
specific manner. For this purpose by using isolated Th cells of EBV- and CMV-
seropositive donors with a latent with M. tuberculosis infection ex vivo expanded and
preactivated as described in example 1 under item a). 70000 of the ex vivo expanded
T helper cells were subsequently cocultured in presence and absence of 10 ug/ml
ESAT-6/CFP-10, BZLF-1 or pp65 with in each case 1x10. After incubation for 0; 0.5;
1;2;3; 4; 6; 8 and 10 hours 2x10° cells were removed in each case from the cocultures,
pelleted for 5 min at 300 x g and the pellet immediately frozen in liquid nitrogen. Until
- further use the cells were stored at -80°C. The total RNA was isolated as described in
the pfotocoi according to example I under c) and analysed for production of the 4-

I1BBL mRNA by using the RT-gPCR technique.

These analyses verified, that the stimulation of APC containing PBMCs with various
stimulator antigens does not elicit an unspecific activation of 4-1BBL mRNA. In
addition these analyses verified that an increased production of 4-1BBL mRNA in
APCs occurs exclusively after antigen specific contact of activated Th cells with APC.
If M. tuberculosis specific Th cells were cocultured with autologous PBMCs, they
elicited solely in presence of ESAT-6/CFP-10 an induction of 4-1BBL mRNA
production, but not in presence of BZLF1 or pp65 or in absence of an antigen (figure 7

and 8a). In addition in vitro preactivated BZLF1- and pp65-specific Th cells,
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stimulator antigens does not elicit an unspecific activation of 4-1BBL mRNA. In addition these
analyses verified that an increased production of 4-1 BBL mRNA in APCs occurs exclusively after
antigen specific contact of activated Th cells with APC. If M. tuberculosis specific Th cells were
cocultured with autologous PBMCs, they elicited solely in presence of ESAT-6/CFP-10 an induction of
4-1BBL mRNA production, but not in presence of BZLF1 or pp65 or in absence of an antigen (figure 7
and 8a). In addition in vitro preactivated BZLF1- and pp65-specific Th cells,

respectively, induced only in those cultures of autologous PBMCs an increased
production of 4-1BBL mRNA, which had been loaded with the respective target

structures of the respective activated T cells (figure 8b and 8c).

Furthermore, the executed analyses indicate, that the efficiency of the induction of 4-
IBBL mRNA is inversely correlated with the number of antigen specifc CTLs present
in the PBMCs. In the blood of TB patients usually very few ESAT-6/CFP-10 specific
CTLs may be found, while in CMV- and in particular in EBV-seropositive subjects a
significant proportion, or a dominating proportion, respectively, of the existing memory
T cells is attributable to the subpopulation of cytotoxic T cells (CTL). In cocultures of
ESAT-6/CFP-10 specific preactivated Th cells with ESAT-6/CFP-10 loaded PBMCs
the strongest activation of 4-1BBL was observable and in cocultures of BZLF1 specific
preactivated Th cells with BZLF1 loaded PBMCs the lowest activation of 4-1BBL was
observab.}he. This finding may be explained by the lysis of signal giving APCs by
specific CTL.

Example 6: Modulation of the induction of 4-1BB ligand mRNA production in
cocultures of BZILF1 loaded PBMCs and ex vivo activated BZLFI-
specific Th cells by addition of a blocking anti-MHC class 1 antibody

M. tuberculosis infections are predominantly controlled by Th cells. In addition also
cytotoxic T cells (CTL) play a role in combating the pathogen by recognizing and
destroying cells infested by pathogens. In certain infections, i.e. an Epstein Barr virus
(EBV) infection, CTLs represent the dominant T lymphocyte population. In case of the
inventive method, based on the so-called reverse T cell technology, RTT, it is possible,
that CTLs also recognize and destroy APCs loaded with pathogen specific target
structures even before these express the marker of the APC, the RTT marker. Thereby
the number of possible signal giving APCs and thus the sensitivity of the test is
lowered. In order to investigate the influence of cytotoxic T cells on the sensitivity of
the RTT method, coculture experiments with in vitro preactivated BZLF1 specific Th
cells (generation as in example 1 under a)) with BZLF1 loaded autologous PBMCs were

carried out in presence and absence of an MHC-I blocking antibody (10 ng/ml) (HLA
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45 respectively, induced only in those cultures of autologous PBMCs an increased production of
4-1BBL mRNA, which had been loaded with the respective target structures of the respective activated
T cells (figure 8b and 8c). Furthermore, the executed analyses indicate, that the efficiency of the
induction of 4- 1BBL mRNA is inversely correlated with the number of antigen specifc CTLs present in
the PBMCs. In the blood of TB patients usually very few ESAT-6/CFP-10 specific CTLs may be found,
while in CMV- and in particular in EBV-seropositive subjects a significant proportion, or a dominating

proportion, {@spegt ' ¥ ofégte ?\?8.5'[. nermery Jj gt 1S5 riutable to the subpopulation of cytotoxic
T cells (CTL). In cogﬁu}?’es of ESAT-6/CEP10 scpggfiyéégct%fatﬁe Otgé:ﬁsa&vit%el‘ggf L6ICFP-10
loaded PBRI@sithe stundgedtadlivatiortef hind@me ofadebstivabletand iVEWCU tndsw8BLF | specific

preactivate, Itk I lvation of-4-1BBL was.observable. This
finding ma§/gl 62%%(%%%%%%%1% Iﬁ%dg%%s(?@%%ﬁ\%ﬁedgyg? l?fés%eag%‘?lé %Lﬁt].i%x{aersﬁl gzhéi? Modulation of
the inductiditidtzof BB iRgatedaR NRrodastohihCocliiimé svef BRLFurdde BEBMEkeagid ex vivo

activated Bkl eneqilictivesls By addiign.al 2 plasing anttfs %&%?é&g%%ﬁg% fipfuberculosis

infections are predominantly controlled by . In-addition also cytotoxic eplay arole
in combatimgittie Bathdgén byoretennizihg 3id Hesthoymny seliplinfeste dibsepattrsgensidvedertain
infections, L& tel ' mfecti minant T lymphocyte
population.b fanh?aggga%ﬁ %g%%%#tli%eﬁﬂrége%}@d?lé%a%e%ﬂg%gr{résggﬁgﬁeﬁg Eré%%%%s n(%ﬁgtee%:%n I%Sgy, RTT, it
is possible Mérgt WTES alls8técobfrinelmeaontutioy APBBloauRN Aviths pltroied spesifioihrdet
structures ﬁ}{ﬁ&téif%?s ti'h%%%@&(ﬂﬁﬁﬂ- pgrker of the APC, the RTT marker. Thereby the number of
possible signal giving APCs and thus the sensitivity of the test is lowered. In order to investigate the
influence of cytotoxic T cells on the sensitivity of the RTT method, coculture experiments with in vitro

preactivated BeLifd sRqgific Ancqlls(Gangration,asin exalpisduioder @l wilh Balfd loaded
autologous QBBMcéwere carried out in preéence an% absen?e c#an Mi—f%%%lo&%na]g%ﬁbgdy (10
jig/m1) (HLsAgnificantly increase the induction of 4-1BBL mRNA in the coculture of BZLFI-

specific Th cells with BZLF1-loaded PBMCs (figure 9).

Example 7: Analysis of the specific induction of 4-1BB ligand mRNA production
in PBMCs of patients with active and latent tuberculosis, as well as

of healthy donors for indirect detection of activated Th cells

In order to elucidate, whether the inventive method, RTT method, is useful for
identification of patients with active tuberculosis and their discrimination from patients
with latent tuberculosis and healthy donors, blood was removed in a heparinized syringe
from in each case three (i) healthy donors not infected with M. mberculosis (p012,
p010, p008), (ii) healthy donors with a latent tuberculosis (p009, p006, p003), (ifi)
donors, which had been treated due to an active tuberculosis in the last 6 months prior to
the analysis with medicaments (p013, pOt4, p003) and (iv) donors with an active
tuberculosis prior to or shortly after the start of a causal therapy (p001, p004, p007) and
PBMCs were freshly isolated therefrom. Then in each case 1x10° cells/mL were
incubated with 10 pg/ml. ESAT-6/CFP-10 in humidified atmosphere at 37°C and 5%
CO,. In addition PBMCs of selected donors were incubated with the control antigens,
HIV p24 (capsid antigen) (healthy: p008; latent: p005 and p006; treated: p003; active:
p007 and p001) or bovine serum albumin (p001) or as a further neagative control in

absence of any antigen. In each case 2x10° cells were removed after 0.5;1,2;,3,4,6;8
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ABC antibody, Cat. No. MCA81EL; clone W6/32 AbD Serotec) as described in example 1 under b).
Due to the binding of the antibody to an MHC-I molecule on antigen presenting cells their recognition
by CTLs is prevented, with the result that no killing of protein loaded APCs occurs. 1 x106 cells/nil
were cocultured in BZM, wherein per 1x106 PBMCs 70000 BZLF1-specific preactivated Th cells were
used. At the time points 0, 1, 2, 3, 4, 6, 8 and 10 h 2x105 cells per sample were in each case removed,
pelleted and immediately frozen in liquid nitrogen. Until further processing the samples were stored at
-80 C. Then t t -IBBL. mRNA, .as described jn example 1.under.¢), was analysed in a
RT-PCR. By o e e e TSR TG
significantlyuiribee asecttseingothctionl o st BBrech RNV the s akuittbe ofiBRlakibls pasifierTd), cells with

BZLF1-loaded ﬁ@\@&%ﬂ%‘f&%ﬁx&'ﬁﬁlﬁ G Analysis of th egigﬁjnduction of 4-1BB ligand mRNA

production in PBMCs of patients with active and Tatent ﬁ%grculb%ls, as well as of healthy donors for
indirect detection of activated Th cells In order to elucidate, whether the inventive method, RTT
method, is useful for identification of patients with active tuberculosis and their discrimination from

patents vl {ele e OB S Isal APy PIRAKEER BV & HeBR el ayrnge fom

in each case three (i) healthy donors not infected with M. tuberculosis (p0O1 , (i) healthy

donors witdid peblediisereanssistigoodt B0, OB (fgdunbie) Vikel sa b eshittaated 4ue to an
active tubergifosisiRNhe last GeaniisiRrior teheanalysizimedicamants 413,034, p003) and

(iv) donors with an active tuberculosis prior to or shortly after'the start of'a causal therapy (p001, p004,
p007) and PBMedas digasniPionitéd shbiestonyiTelehdnd baen tased witomedikiminivdre incubated

with 10 uginfmS ARG/ GE Rt Cait Rumidifieqd Atnosahsy %@%@J&Qﬁ@d(ﬁg‘;/&rg%dgeﬁ?%ggﬁﬂ BMCs of

selected donors were incubated with the control antigens, HIV p24 (capsid anti ealthy: p008;

latent: pOOBBME poOdacHshisisporhsaiads: pouPasbosto 2fter hevire sérurretpluinrapC01) or as a
further neagatiye cantral inahsensefaiyiatioens tgashoase 2 o L03.68ls, @@5?49&\119(1 after 0.5;

1; 2; 3; 4; 6; 8 and 10 hours of incubation, pelleted and immediately frozen in liquid nitrogen. Until

further pro&¥dHgard deliBRler@Ribfetr apsificals Hisselatet iih eapapken windestenuatad the content

of 4-1BBL mRNAwRs analysedin. arRT ARGR Uwas abpmvihatihe simuationwilhESAT-6/CFP-10
in PBMCs of healthy donors did not lead to an induction of 4-IBBL mRNA (figure 10a). LCikewise no

induction of2A1 BB RARKK WS HRsagotasialh PEMcastasetjdetscteny iHfeBRYE Wik,
tuberculosigigjggrﬁ)gpb) or in subjects, which had been treated with medicaments 6 months prior to
the analysis due to an active tuberculosis (figure 10c). Merely in PBMCs of acutely diseased subjects
prior or shortly after the start of a causal therapy it was possible to observe after stimulation with

ESAT-6/CRRzhAHIN ficanibincaasaginoustion o drddBBrMRNAivpes clicalystimuigted in
comparison to unstimulated cell cultures (figure 10d). The stimulation of the PBMCs with the irrelevant
antigens BSA and p24 did4fieitick lasent duberatasisreaseglinau@fohesthyBsibjasts Avitigure 10e).

tuberculin PPD

In order to investigate, whether the induction of 4-1BBL mRNA in PBMCs of acute
tuberculosis patients can be increased by using a broader antigen spectrum, blood was
removed in a heparinized syringe in each case from a patient with an active and a latent
tuberculosis, as well as from a healthy donor, and PBMCs were freshly isolated
therefrom. Then 1x10° cells/mL were either incubated with 10 ng/mL ESAT-6/CFP-10
or tuberculin PPD (Statens Serum Institut; Denmark) in humidified atmosphere at 37°C
and 5 % CO,. In addition aliquots of the PBMCs were incubated as negative control
without antigens and as positive control for the inducibility of 4-1BBL mRNA
production with in each case 1 pg/mL phorbol-12-myrestate-13-acetate (PMA) (Sigma
Aldrich) and ionomyein (Sigma Aldrich). 2x10° cells were removed after 0,2,4,6,8,

and 10 hours of incubation, pelleted and immediately frozen in liquid nitrogen. Until
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Example 8: Induction of 4-1BBL mRNA production in PBMCs of donors with acute and latent
tuberculosis as well as of healthy subjects with tuberculin PPD In order to investigate, whether the
induction of 4-1BBL mRNA in PBMCs of acute tuberculosis patients can be increased by using a
broader antigen spectrum, blood was removed in a heparinized syringe in each case from a patient
with an active and a latent tuberculosis, as well as from a healthy donor, and PBMCs were freshly
isolated therefrom. Then 1 x106 cells/mL were either incubated with 10 pg/mL ESAT-6/CFP-10 or
tberculin RBR(S(aiens SerUm asliyL, Depmar) ingpLmidiied aimasahigre L7 and g 96 CO2. In
addition aliquots dt the PBMCS were incubated as negative contro without an Igens and as positive
control for thethedubibilitytofitd {1 BBBBARNANFodarctios ywéthim eREhaf43R 1 ug/mL
phorbol-12-myrestate-13-acetate (PMA) (Sigma Aldrich) and ionomycin (Sigma Aldrich). 2x105 cells
were removed after 0, 2, 4, 6, 8, and 10 hours of incubation, pelleted and immediately frozen in liquid
nitrogen. Until further processing the cells were stored at -80C. As described in the example | under

c), then thdiceithbo s vrRihah R AlipatatpayEddtibe RifrgPRERekcted el Bershilghhigkarthe
stimulation;with-fisherqulin B3RP eligied a,ranyialdRighekipdughion Ol AxLEBL IMRNA praduction in

PBMCs of the patient with an acute tuberculosis than ESAT-6/CFP-10 (figure 11a, upper image). In
parallel, not&hgHifestly frrte dsetiirftiltétiohlof digupB L AsR NI psFodetig. Wi obseHeibledn PBMCs

of the Iaterggdﬁf@&ﬁ%c} apd-efdhe healthysuhiect aigr sHrulatipnitasyberalin RRRS Yell as with
ESAT-6/CFP-10 (figures llb and llc upper images). In addition, in with PMA/ionomycin stimulated

aliquots of PBXICs op e rédadnortisiednipdrisbrie dwatihiulatbipeliglists SPBNIcnagighificantly
increased prRGUGHRNPRTAadBRY MRNA W@m@ew@lﬁf(ﬁ%u?e\éqqfwmtb&f&%&émwHﬂe PBMC

for the production of this RTT marker (figures | la-c, lower images). Example 9: Time course of the

induction ofJHBR. igaritekplésioanmy o rrioy bied HakuasdonB B Mt oétit utise i wigiarie
combinationsaf RMAY/ignaeIN AL PHEANE SR Ros teddentificriion of poditiug.sottiels for the

inventive RTT method for detection of activated T cells it was investigated, whether, and to what

intensity, tHSESmBRRHb e RERYIGHo BNV e PR 2thh fresion e pitln RBdHe dtic theluction of
the 4-1BBL,{aRNALXPrassiRTTHAnus gLrRQse ﬂ,gggpgggl\ﬂggég%pf a healthy donor were incubated in

each case with 1 tig/mL PMA and ionomycin or a combination of 5 pg/mL PGE2 (Alexis Biochemicals)
and a 2 pg/inL CD40-antibody (LEAF-anti CD40; Biozol). As negative control served non-stimulated

PBMCs. Sgldmgailsovergiisangdaienld idh Giandb8Neuh AhiRc bgindsRelslepma¢inmediately

frozen in liquid nitrogen. Until further use the cells were stored at -80C. As described in example 1
under c), then the conteRf of 4beaighymitearalien stissdatepR¥igptie combinations of

PMA/ionomycin or PGE2/anti-CD40

For the identification of positive controls for the inventive RTT method for detection of
activated T cells it was investigated, whether, and to what intensity, the combinations of
PMA/ionomycin or PGE2/anti-CDA40 do elicit an unspecific induction of the 4-1BBL
mRNA expression. For this purpose 1x10° PBMC/mL of a healthy donor were
incubated in each case with 1 ng/mL PMA and ionomycin or a combination of 5 pg/mL
PGE; (Alexis Biochemicals) and a 2 pg/mL CD40-antibody (LEAF-anti CD40; Biozol).
As negative confrol served non-stimulated PBMCs. 5%10° cells were removed after G, 2,
4, 6 and 8 hours of incubation, pelleted and immediately frozen in liquid nitrogen. Until
further use the cells were stored at -80°C. As described in example ! under ¢), then the

content of 4-1BBL mRNA was analysed in a RT-qPCR.
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These analyses showed, that PMA and ionomycin (figure 12a) represent a significantly more efficient
unspecific inducer of 4-1BBL mRNA production than the combination of PGE2 and the CD40-antibody
(figure 12b). Example 10: Comparitive determination of the relative induction of 4-1BBL mRNA
production in non-stimulated and in with ESAT-6/CFP-10 stimulated cocultures of in vitro preactivated
M. tuberculosis-specific Th cells and autologous PBMCs using different reference genes For the
identification of suitable reference genes for the inventive RTT method the reference genes GAPDH,

huP0O and PBGD were amplified in th NA samples described inp example 3, by using the respective
primeriprond ot 1ot NPy T AL ALt B S L AN AT PP RSB 580 B b men probe
systems fomite affipiltficatiopeoiiibénganasoireBide ch&ecargdinguctithetRib-tir Cnbanditvansg described
in example derc). E is purpese.the f ing primer/probe system was used: huPO0 forward
primer GT ?@é?g&@é%%%%{?g riﬁﬁr%% epresented by SEQ ID NO:10; huPO reverse primer
GCAGCAGTTTCTCCAGAGCTG, biomers, represented by SEQ ID NO: 11; huPO probe
FAM-ACCATGATGCGCAAGGCCATCC-TMR, TIB Malbiol, represented by SE 12, PBGD
forward prM%&&@Aﬁ%ﬁ& ! ?olr%%rg?rélg?eslé% %‘H e‘byl W%ngk D reverse

primer CACTGAACT CChiRERGRIbdaztivimrnesonegiandnted hy: &) WitiN @SILT RBROEPa®be
FAM-CCCAGCTGCAGAGA TCCCGC-TMR, TIB Molbiol, represented by SEQ ID NO:15. The
analysis was done acco?&ﬁldl %%; ecﬁgl{%'gﬁsn? tﬁ'o‘c’ftlg?/ B?ﬁﬁ@ﬂfﬁg’élﬁﬁﬂ%ﬁ%@sﬁﬁgﬁl € reference
gene and the unstimulat®d celitrohdsietiibppior PEMSS analystisfeevetlettrinaietBeneontent of 4-1BBL
MRNA can be normalized with all three reference genes without significant influence on the final result
(figure 13). Although differences in the strength of induction of 4-BBL mRNA were observable when
normalizing*witththeithtege satererceugebies; divectenrdgncy: ias benpeatate. RTT method the

reference genes GAPDH, huP0 and PBGD were amplified in the ¢cDNA samples
described in example 3, by using the respective primer/probe system, for normalising
the amount of 4-1BBIL. mRNA. For this purpose the primer/probe systems for the
amplification of the genes were used according to the RT-gPCR conditions described in
example 1 under c).

For this purpose the following primer/probe system was used:

huP0 forward primer GTGGTGCTGATGGGCAAGA, biomers, represented by SEQ ID
NO:10; huP0 reverse primer GCAGCAGTTTCTCCAGAGCTG, biomers, represented
by SEQ ID NO:11; huP0 probe FAM-ACCATGATGCGCAAGGCCATCC-TMR, TIB
Molbiol, represented by SEQ ID NO:12; PBGD forward primer
CCAGCTCCCTGCGAAGAQG, biomers, represented by SEQ ID NO:13; PBGD reverse
primer CACTGAACTCCTGCTGCTCG, biomers, represented by SEQ .ID NO:14;
PBGD probe FAM-CCCAGCTGCAGAGAAAGTTCCCGC-TMR, TIB Molbioi,

274804 1 ethod

represented by SEQ ID NO:15. The analysis was done according to the
by using GAPDH, huP( and PBGD as reference gene and the unstimulated control as

calibrator.

These analyses revealed, that the content of 4-1BBL. mRNA can be normalized with all
three reference genes without significant influence on the final result (figure 13).
Although differences in the strength of induction of 4-1BBL mRNA were observable

when normalizing with the three reference genes, the tendency was comparable.
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Example 11: Determination of 4-1BB ligand expression in cocultures of ESAT6/CFP-10-loaded
PBMCs and of ex vivo expanded ESAT6/CFP-10- specific Th cells by flow cytometry In vitro expanded
activated ESAT-6/CFP-I 0 specific Th cells (generation as in example 1 under a)) were mixed 1:1 with
autologous PBMCs and cocultured in presence and absence of recombinant ESAT-6/CFP-10 in a
concentration of Ix 106 cells/ml in R5 for 28 h. During the last 26 h the protein secretion was inhibited
by brefeldin A. Then the protein expression of 4-1BBL in B cells was intracellularly labelled according

to the protqcol in ex e | under g) an erml ed b flow cytometry. For t rface staining 5
o of amo- sl L B A R R ferSt i CAaLTraT b ot 41551 20
p.1 anti-4-1BBL PE (BD%MYB—MB&daERtESIBMGBI&aﬂ sitoxedihhakphiracy HESstinauarediB-cells exhibit
a very high content of |ntraﬁﬁ%ﬁ3&ﬁ§ 4 1BBL; thus no further induction of 4-1BBL expression

on the protein level can Y& MUBHSHSHR ESAT-6/CFP-10 (figure 2). These analyses
prove, that the detection of T cell induced maturatlon processes on protein level is due to the variable

and parti ent of t PO th limitations when using flow
ooty By e e e D et PR B s for the
RTT methaddaderannatisiagnize RT-0RGR aMaiigiiansPBhesexpiessiondadels ipryariossuigaction
mixtures, which are ot caysed change in the expressjag in eII | hereby be
Conroctor) IS TR LT A b A B e I e R LB P the
analysis ofxinidalisagiedad? EME S@rpptwmﬁat&a@mns wubjediigted bs Wearkeldtimalaleenuthder three
different condijtions and the R c-f[ res the referen ne ﬁ compared WItE the results
of the 16spBIVE (ABHRUIR SV Sl CKa L BTSUH et R 5P (AR HEES AlSvoly
infected w@ﬁ@:@ima&i&tﬁatlyunﬁect@obﬂ&baﬂéatemmélb@sfmfvongtdnﬁaitbymdmﬂfe@dthy BCG
vaccinated subJect Were + anti-CD19 R-pycoerythrin cyanine 7 (PeCy7) (BD) and for the

intracellular staining of 4-1BBL 20 ul anti-4-1BBL PE (BD) were used.

These analyses showed, that already unstimulated B cells exhibit a very high content of
intracellularly existing 4-1BBL; thus no further induction of 4-1BBL expression on the
protein level can be detected after stimulation with ESAT-6/CFP-10 (figure 2). These
analyses prove, that the detection of T cell induced maturation processes on protein
level is due to the variable and partially very high content of the RTT marker only
possible with limitations when using flow cyctometry or the ELISA and ELISpot

technique.

Example 12: Identification of reference genes for the RTT method for normalising
the RT-gqPCR. Variations in the expression levels in various reaction
mixtures, which are not caused by the biclogical change in the

expression in the cell, shall hereby be corrected.

For the identification of reference genes, which are suitable in the RTT method for the
analysis of clinical samples, PBMC samples of various subject groups were stimulated
under three different conditions and the RT-gPCR results for the reference genes were
compared with the results of the respective unstimulated sample. Sodium heparine
blood samples of two patients actively infected with TB, of one latently infected TB

patient, as well as of one healthy and one healthy BCG vaccinated subject were
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processed. For this purpose the PBMCs were isolated as indicated in example 1 under a). Then 6x
106 PBMCs per 6 ml sample were stimulated in B cell medium. The stimulations were done either with
ESAT6/CFP10 (10 ug/m1), tuberculin PPD (10 tig/m1) or unspecificially with PMA/ionomycin (in each
case 1 jig/m1) over a period of time of 6 h in humidified atmosphere at 37C and 5 % CO2. After
incubation the cells were pelleted at 300 x g for 10 min, the supernatant discarded, the pellet lysed in
RLT buffer (QLAGEN) with 1 % f3-mercaptoethanol and immediately frozen in liquid nitrogen. The
RNA was isolated with the RNeasy Mjni Kit (QIAGEN) including a DNase digest on the column
according & & HRAN0PACHFMERASE (RIS M EN A Grihss B e ot S BRRIith i Quanti Tect

Reverse Transiption Ki'oPAGEN: ThexRafwas eardashaMtaithtiee ustasaitagMae(r) Gene
Expression Array 96-Well Fast Plates (Applied Bio%stems and the TagMan Fast Universal Master

Mix (Appliet Bida)asmessnera BEE prit Pits REGFTie BE R &ydie iPpAIMEY Hittydems)
according tedhe naanutpetiRIAINSIRCRONS /ibhenexpnassionievalof awell switadirpierense gene for a

RT-gPCR should.under all applied experimental conditions and under the stimulations contemplated

therein remtdhf éﬁpré]ﬁh?ﬂ W‘%\‘ﬁpbéﬁgrﬁtm‘é%&ﬁ%%?&n fedRf of the-Rrereite B ig E6lfespond to

the expressier:|gvitefl thes@rget geneo Likewise siberal iR Gllisiangy sbodtbbe sénianrtpthe one of

the target gn%? s. For all five samples the results were %{?Fmpare_d and analysed. The result js depicted
4

in figure 1 dSHeSEibR oFiite h%ﬁ’T ARASHRISHEPRIF &R FREFERESIOrTREalib U¥nulation

conditions wias getetiad brtwees G RgandifarBd otshonn)i Kie genesiPifcriachEMBS are
suitable as reference genes for the RTT marker RNA of 4-IBBL - alsg Molted TNESES - and IFN-y
“Hiso telltel RIS 6NHE%S WOFETEN (5P A RIS LSRuRRS BB &P due to the

expressiongavebat Ga28SreIand duatotesimiarefisienty.ef the T GRCR iagrEparison to the
one of the target genes (not shown). For alternative markers with higher expression HPRT| or RPLPO
may be corﬁ]ﬁ R S8y fanie Q%rgﬁ@’e%%gﬁFOR?tgé‘QM@ tHUE SeVEPEF SRR IIE FE1EPNEL genes

could be idpayifigdtin trese anBivsesenmipsadereresgidadaust IemansconsRpNm-ahgrieimental
conditions. Depending on the expression level of the RTT marker gene TAFIA, HMBS can be used as
reference d%qé'ﬁﬁ?rﬁ%/ 8§p?eé‘§1rls,tﬁl’-€%‘fﬁ8§ rﬁﬁ?ggrﬂfﬁ? e&%&s@fﬁ Br BPpbey BRI gk pression.
For the maskesridEg S-S anddbNGuFAfsAdssiitakle as reference gene. Example 13: Determination of
the 4-1BBL, ; also termed TNESE9 - expression in tuberculin PPD stimulated PBMCs in comparison to
non-stimulih SRR\ 8618 BIRGH To B RIRSoh %%%P&?&&Jwgwp}@égfoﬂlof the RTT
marker and:pfizeti¢epholebualliectatitie cisdrimitatinn dgtweasmaliens wikk-amaativechBinfection and
healthy persons The inventive %TT method yas carried qut on blood samples of 21 subjects in order
T ghe" Y B

to obtain infolitatb He "BV EFRGEBRRKEY IO ST RAFIESP R BELS also
termed TNEgGH8ssitimeathyf shibjacistanchdn Ipdbends, Wt (ReatfitRntokHais P bepasdithePBMCs
were isolated as in(gcgated in exampFe 1 er a). Per amﬁ%e 5 x 106 PBMCs were incubated in B cell
medium in (08 2b RS ESRE of S0 MLING YBRIELIR EBHtor s EHBRBHIAR SRR humidified
atmospher@iat Fé0ldndPpiticd @fifine stinfatepswiiedane RTTupligase and PMCSEsaad

independe er jncubation the cells were pelleted, lysed in ALT buffer (QIAGEN GmbH, Hilden,
Cormanmy) BT RS TOU S e S S EIe HLRF HETR e B TLPBNA wae
isolated witththenRNdasyevini Kit-oHQIAGEN ki ludingiabdase cligestondhescalumiz according to the

manufacturer's insgructions. syntheses i e with jn.each.case 1 ji , with the
QuantiTectnI}’f’éS% m&’ s%ﬁ%’éibﬁ&%ﬁ@cgﬁdﬁa@& éymgﬁﬁ&%%SMt%fthns. The
gPCR was thartedsaut witircbsgioh CRNA inidadkiataleridtion wluwak by dising the daablsof) Fast
Universal BCR Mast ix of Applied Bigsystems. The mast [ d following composition: 300
IV TNFS&%W%F&@@S%%%&%&&?%@R%@?E@ P&&%ﬁe‘%}g é’é&?‘?ﬁ’gﬁ’éﬁ;t%oo M
TNESF9 refersecusiinter @GEE GATE GAT SAGOABAAG rmepresantee by BIEQdRNQp2e R0 nM
TNFSF9 pr %ﬁM %CAGCTGC CAAACA%%F-TQ/IR, represented by SEQ ID NO:3; Ix
TagMan(r) Fas Universa Eﬁyﬁgg &r ?)%?ﬁixaﬁ%‘a rff(if érgﬂ%e%?ﬁ%ssion Assay TAF1A VIC dye
labelled MGBibaher (i esvimited)toflappliediBiosyiste msuld he: tRimpéiaduie prafilarof hesPCR
comprised 2 S g%naturin(?ﬂa}t 9§C_ and then 49 ctycle 1consistin%%)ii 3sat9os5C %nd 33.5 at 60C. The
gPCR was perormed on e StepOnebius REaTie' PEIRTSSIER (RBPHSE BioSYSEEME) *Fhe mean
values of thbaespitsdram inad adhloca8d tvm anldepemdelit Sfuh B EIScai the wath paratvecg analysis

(2'AAcq) fofrgéﬂg %&r%@p!%%%rsesig&pﬁtﬁgﬁ f}gy 85 ]rhSédium expression or RPLPO for a high

expression, For the marker TNFSF9 and IFNG TAF 14 is suitable as reference gene.
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These analyses showed, that the relative increase in expression of the RTT marker TNFSF9 after
stimulation was for subjects with a latent TB, healthy individuals and BCG vaccinated healthy
individuals below or at most 2-fold, while actively infected TB patients showed an increase in
expression of more than 2-fold. Thus, a preliminary threshold value of 2-mcq = 2.0 could be
determined. A differentiation between actively infected TB patients and healthy individuals or subjects
with a latent TB, respectively, is thus possible with the RTT method. Example 14: Improvement of the

expression of IFN:y -alsg termed IENG - by using alternative, partially synthetic serum free media In
order to in\&ﬁg@@ﬁhﬁﬂ?&w& ¢ %‘8 t‘é‘r%&f‘lFﬁ'@’@f@ﬂﬁ‘ilri( B e /S RISS P J8ing

alternative cell culture magdiarGaueraPin pashawitactiBmedimweisgesian WaknsYaMigRally used B
cell medium contains IL-4, w ichHmaaa lead to inhibitjon of the IFNG signal. In addition the medium

contains self-made AB s v SRRSO aP RS ko atsEmIRRE OB L DickgRemshs without

variations in quality, canepi-beioRtiraliadIETedinlbith DT semplemefdhiarsukiealswith a
latent TB and of three hegalth indivi,duaﬁ the inventive RTT method was performed. For this purpose

O INAHER AR PSR G e GEfikfo LB 1BSISEMaBlvere

the PBMCs were isolate§'8
incubated in 2.5 ml of théatipupegedmulture media in presence and absence, respectively, of 10
ug/m1 tuberculin PPD for 6 h in humidified atmosphere at 37C and 5% CO2. The following media were
tested: B cell medium (13ZM-r), B- cell medium without IL-4 (BZM-), serum free UltraCULTURETmM

medium (Ulite) iof-t40NZ R BN ch&tMame diiie (A ) bl doditagers Gett lysis; RNAnexiaction, cCDNA
synthesis aqu qRIPCR were Eeé formgd as descringd in example 13. T rglr%ncrease in expression was

assesend O TERE SHAHTBATOUAIES PSred HOFEFI(SSR RIURS 26 URd LR, AHE Rastor mix

for IFNG hadatke faltovd rigvetsiFipositicraBRO M e Gnidiwardipii@nith a latent TB. For this
GTGGAGACCATCAA GACAT (biorners), represented by SEQ ID NO:7; 300 nM IENG reverse
primer GG@@%%@T’ %@ﬁe@ﬁéfﬁ% aegrislfgf’(é?}? s%?éﬁ%%%@“l‘éﬂ\%:&%@%l%NG probe

FAMTTCATETPAINIGE WERGA@IEGGA GATICAATMR TRMQE BIALbiepresantednSEQ 1D
NO:9; Ix Tacilvlan(r t Universal PCR Master Mix, Ix TagMan(r) Gene Expression Assay TAF1A
VIG ciyo 1ot ET SBT3 aBb IR B & Ao B oLy S d e b 10 TNFSFO
had the folloWingltenpasiliciin306adl ddte ShOdopiand prm e tofésédGhEpedABE TARGG
(biomers), represented by ID NO:1; 300,nM TNF everse pri _ X
GCCCATCEAPRKR D &Qtﬁﬁn%egife#gp}%%%ﬂé’d‘%g%s%@%% @g@&b meHFEEs Hrobe

FAMCCACGAGEHECECAAAATEC MR RV QbBiRkkdapmsaoied by IHEQ IDNQ3; X

TagMang F, st]%q)i rsal. PCR el Mix, IX Taég}glla %e e ression.Assa TAF&%VIC dye
labelled M epro%?’&rslﬁg%ﬁ?n%‘gg&g?% \tid |1§'§/Z 2rﬂ . B’&’&Hﬁ?& 6%}71@58 &hPCR
comprised @0 theleslatunadienrdirRSC tedithertddueycles aansistin g8 AnltEcand3Qisat 60C. The
gPCR was performed on a Ste Plu al-Tim {EC%%@F Applied.Bio ys&%'&ie relative
increase in"?l%dne%%ég%lsgn (Qé) ¢ V\Y\/’?ﬁ@%@ﬁgg £ REA %‘E}%QPQQI}&%& Editim after
stimulationsigmnificantty gteongenfheanrir’soimsantiinal. BEM -+ IReBnoxal oidtied fsamvitd B qgll medium
(BZM-) did lead ta a,signal enhancement (figure lt?l).forépe@' ulation in t)ttr CDLélLTU_RETma
relative inc?gggg in é;@ rleg%&)%eg \éo%nvxe/aggr{%fn&e SctalSie' i s ﬁf’f}l@glgfeﬁﬁi ﬂ% it latent TB
and of heallix sefbjestéicth Rostrast thlstimatatiomin AW tenfeldiorn pesoitt@dsiticenoarisdn to the B
cell mediu UltraCULTURET, ium,.r ively, in a strong unspecific induction of
TNESED R’R'@Fgéﬁ‘rgg%aﬁ%ﬁgg}g?%&E%@B@GXW@%, N3 SN KospEq i RaySt

300 nM TNFSF9 reverse primer GCCCATCGATCAGCAGAAC, represented by SEQ

ID NO:2; 200 nM TNFSF9 probe FAM-CCACCAGCTGCGCAAACATGC-TMR,

represented by SEQ ID NO:3; Ix TaqMan® Fast Universal PCR Master Mix, Ix

TagMan® Gene Expression Assay TAF1A VIC dye labelled MGB Probe (primer

limited) of Applied Biosystems. The temperature profile of the qPCR comprised 20 s

denaturing at 95°C and then 40 cycles consisting of 3 s at 95°C and 30 s at 60°C. The

gPCR was performed on the StepOnePlus Real-Time PCR system (Applied

Biosystems). The mean values of the results from in each case two independent

stimulations of the comparative C, analysis (27229 for the 21 samples are depicted in

figure 15.
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These analyses show, that the choice of medium may have strong influence on the relative expression
of RTT marker genes. The use of serum free UltraCULTURETN4 medium of LONZA led to a
significant enhancement of the IFNG signal in samples of subjects with a latent TB at constant
background expression of the RTT marker gene TNFSF9. Example 15: Synchronous detection of two
RTT marker genes with simultaneous normalisation against a reference gene by using a triplex gPCR
For simplification and improvement of the practicability as well as for the extension of the range of
application_gf the inventive RTT _tho%}]H a triplex RT-gPCR was developed, which allows to detect

simultaneot&f ineBAE FehcheH Y ARRPHS BB CPHISS R e B FRakd the
marker for mm@tfwﬂ ofialaient TRinfecton dEi-wialsolteiied B NG tanchalkawsrdgitionally to

noimalize LB%&I accmdted healthy individuals below or at most 2-fold, while actively infected TB
patients showed an increase in expression of more than 2-fold. Thus, a preliminary
threshold value of 2“4 = 2.0 could be determined. A differentiation between actively
infected TB patients and healthy individuals or subjects with a latent TB, respectively,

is thus possible with the RTT method.

Example 14: Improvement of the expression of 7FN-y —also termed /FNG - by

using alternative, partially synthetic serum free media

In order to investigate, whether the JFN-y — also termed JFNG - signal may be increased
by using alternative cell culture media, several in part synthetic media were tested. The
conventionally used B cell medium contains IL-4, which may lead to inhibition of the
IFNG signal. In addition the medium contains self-made AB serum, which means that
standard conditions, i.e. constant conditions without variations in quality, can not be
optimally adhered to. With blood samples of three subjects with a latent TB and of three
healthy individuals the inventive RTT method was performed. For this purpose the
PBMCs were isolated as indicated in example 1 under a). Per sample 5 x 10° PBMCs
were incubated in 2.5 ml of the various cell culture media in presence and absence,
respectively, of 10 pg/ml tuberculin PPD for 6 h in humidified atmosphere at 37°C and
5% COy. The following media were tested: B cell medium (BZM+), B- cell medium
without IL-4 (BZM-), serum free UltraCULTURETM medium (Ultra) of LONZA and
AIM V medium (AIMV) of Invitrogen. Cell lysis, RNA extraction, cDNA synthesis and
qPCR were performed as described in example 13. The increase in expression was
assessed for JFNG and 4-1BBL ~ also termed TNFSF9 (see figure 16 and figure 17).
The master mix for JFNG had the following composition: 300 nM /FNG forward primer
GTGGAGACCATCAAGGAAGACAT (biomers), represented by SEQ ID NO:7;
300 sM [FNG reverse primer GGCGACAGTTCAGCCATCA (biomers), represented
by SEQ D NO:g; 200 nM IFNG probe FAM-
TTCATGTATTGCTTTGCGTTGGACATTCAA-TMR (TIB MOLBIOL), represented
by SEQ ID NO:9; 1x TagMan® Fast Universal PCR Master Mix, 1x TagMan® Gene
Expression Assay TAF1A VIC dye labelled MGB probe (primer limited) of Applied
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55 by using a reference gene. A sample of a subject with a latent TB was processed according to the
inventive method, as described in example 12. The gPCR was done with 1 pJ cDNA in 10 ul total
reaction volume using TagMan(r) Fast Universal PCR Master Mix of Applied Biosystems. The master
mix had the following composition: 150 nM TNFSF9 forward primer GAGGGTCCCGAGCTTTCG
(biomers), represented by SEQ ID NO: 1; 150 nM TNFSF9 reverse primer
GCCCATCGATCAGCAGAAC (biomers), represented by SEQ ID NO:2; 200 nM TNFSF9 probe

FAMCCA AGCTGC%CAAACATG.C-(%?%@[&%%IEEI%L), represented by SEQ 1D NO:3; 300 nM
IFNG forwatd priniBr G TSGREKRE EAT G ARA P ol SR 2 SpPERE i by WD NO:7;
300 nM IFNEreversa P e AEREAE T AARSIATIN (bibars)) e ppesanted By SER ID NO:8;
200 nM IFI\é%@é{éd%%ﬁij‘@: : TGTATTGCTTTG%E%%%%%%ATTCAA-BBS TIB MOLBIOL),
represente Q1D NO-9; GRTEAES BHED 0 LM F NPy Gene
Expression#ssantAF14AYIC dgglabdlird MGRE robedpriner limied)of Appligd Biopysiems. The
temperatur oég:e g@?@%ﬁ%@%‘o r %%%ﬁ%d urat %3 C and then 40 cycles consisting of
3sat95C gﬁé‘ & ; fg’%%f@ ] rzﬂ.fé gﬂ%%i hSBRSEte. P BE sy stem
(Applied BiNsystemsEdqviguterig areidapitted fherasitsok the comprieti @68 Baasiog2-AAcq) for
one sampl%of a S@Fﬁa \%ig&aalat t 1B @ ar%?%hﬁj(esult  Of t?ﬁ triplex (left) and as comparison
the results of ife tive-dipte qﬁ%ﬁ‘%{ 216%1 O EPEHRTDISE UEtHE (‘iﬁ%&e&&ﬁﬁgw&?@ﬁorepwed as
described iMiexemptealdc Thefik admpagive anapysisdhowsidhatthsodetestion slRihEnnarkers is in
principle possible in a. multiplex reacti ith simultaneoys ngrmalization of the yalues with a reference
Gene. ExerIET 6 BAARiRbto & the exBlLsulon B Rtter LT eles R dftite RTT
method in SoptmdinRRastiMulaPERRBMGS(iIngtiep Biisartampn-stimulated samples of two subjects
In order to achieve a higher sensitivity of the inventive RTT method, further marker genes were tested
in a RT-gPCR with the SYBR Green system. For this purpose in each case a sample of a patient with
a latent TBTwed dfavedalthun s hjdetideee prosesset dchording ty thedventive Methegkasigescribed in
example 1'i21'1 nglq{??n%d\ivﬂan? gigtg?%gmulation significantly stronger than in conventional BZM+.

Removal of IL-4 from the B cell medium (BZM-) did not lead to a signal enhancement

(figure 16). For the stimulation in UltraCULTURE™ 2 relative increase in expression

of TNFSF9 was not detectable in samples of patients with a latent TB and of healthy

subjects. In contrast, the stimulation in AIM V medium resulted in comparison to the B

cell medium and the UltraCULTURE™ medium, respectively, in a strong unspecific

induction of TNFSF9 RNA expression (figure 17).

These analyses show, that the choice of medium may have strong influence on the

relative expression of RTT marker genes. The use of serum free UltraCULTURE™

medium of LONZA led to a significant enhancement of the JFNG signal in samples of

subjects with a latent TB at constant background expression of the RTT marker gene

INFSF9.

Example 15: Synchronous detection of two RTT marker genes with simultaneous

normalisation against a reference gene by using a triplex qPCR

For simplification and improvement of the practicability as well as for the extension of
the range of application of the inventive RTT method a triplex RT-qPCR was
developed, which allows to detect simultaneously in one reaction sample the RTT
marker 4-/BBL — also termed TNFSF9 — and the marker for the detection of a latent TB

infection [FN-y —also termed JFNG — and allows additionally to normalize the signals
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out with 1 ul cDNA in 20 !al total reaction volume using the Brilliant 11l Ultra-Fast SYBR Green QPCR
Master Mix of Agilent Technologies. The master mix had the following composition: 300 nM forward
primer, 300 nM reverse primer, Ix Brilliant Il Ultra-Fast SYBR Green QPCR Master Mix, 300 nM
reference dye. The following primer pairs were used: FCGR1A/B/C forward primer
GAAGGGGTGCACCGGAA (TIB MOLBIOL), represented by SEQ ID NO: 16; FCGR1A/B/C reverse
primer CTCACGGGGAGCAAGTGG (TIB MOLBIOL), represented by SEQ ID NO: 17; CXCL9 forward
primer GAGTGCAAGGAACCCCAGTAGT, represented by SEQ ID NO:18; CXCL9 reverse primer
GGTGGATRGTEE CTHEE TG 858 e SUBRIE Phy? SERIES e o etk 1B oA vt giivdr

TCCACGTRIHGAGATEATHGR vepiesedied by SERIDN& 2R A LIRS arersenlinshe
ented by SEQ ID NO:21; CXCL,11 forward primer

TCTTGATGGCCTTC TCTG, repre ! ‘
CAAGGCTTEE @L‘I‘%@ Cﬂ&,ﬁé eggfﬁtéﬁaﬁV@E‘fﬁlfﬁlﬂlé?Eﬁ EsaMar B SedyaR PCR
CCCAGGOEGEAVIBGAAMRAIBRreseatnd The SRQIDNG:23 fall ek v &ifi-arpthe
doctoral theiids ?;&}”[ esa Kngblach, 2%:3‘%1\% (ga; tomegalievirus IE1 -Pir%':ein gilé Regulator des
humanen Trans npggélf%‘ﬁ’argié’@%&t Azﬁ) é@ﬁégﬁgw&t@@@%ﬁ)» UFRUERIG LY
RegensburgE (T HidtenpdtatLie profilewf 8 qRGRssopptise i Dimdenaration@h 8aCaand then 40
cycles consjsting of 5 s at 95C and 10 s 2%550? The IngCR was performed on a StepOnePlus
Real-Time 8&%&? er%e}fﬁ\eﬁﬁﬁ‘%%{]Bi]&%y& S). lPhewéaits Bf on?tyé’rﬁtﬁ?e G’ﬁogﬁalfs‘i’s'\@q) are
given for bath A@MABE THOBEAIDATAT CONBRCRY TeR N YSIB IH Stimulaissh aRdorstiMated

S S S R SRl T
detection, dﬁmﬁ@tim&m@bﬁwﬂntiﬁgatisﬁ@f_ Hpellm@m;;_latmng;pmgrjgmg ;Jaeefggovgﬂglggeps: a) _
comacing 5k it e ! g p ey st e SRR 1 e b i

IFNG Sonde BoTMR-TTCATGTATTGCTTTGCGTTGGACATTCAA-BBQ (TIB

MOLBIOL), represented by SEQ ID NO:9; 1x TagMan"™ Fast Universal PCR Master

Mix, 1x TaqMan® Gene Expression Assay TAF1A VIC dye labelled MGB Probe

(primer limited) of Applied Biosystems. The temperature profile of the ¢PCR

comprised 20 s denaturation at 95°C and then 40 cycles consisting of 3 s at 95°C and 30

s at 60°C. The qPCR was performed on a StepOnePlus Real-Time PCR system

(Applied Biosystems). In figure 18 are depicted the results of the comparative Cq

analysis (2%“Y for one sample of a subject with a latent TB. Given are the results of

the triplex (left) and as comparison the results of the respective duplex gPCRs {right).

The samples of the duplex qPCR were prepared as described in example 14.

These comparative analysis shows, that the detection of RTT markers is in principle

possible in a multiplex reaction with simultaneous normalization of the values with a

reference gene.

Example 16: Determinatien of the expression of further marker genes for the
inventive RTT method in tuberculin PPD stimulated PBMCs in

comparison to non-stimulated samples of two subjects

In order to achieve a higher sensitivity of the inventive RTT method, further marker
genes were tested in a RT-gPCR with the SYBR Green system. For this purpose in each
case a sample of a patient with a latent TB and of a healthy subject were processed

according to the inventive method as described in example 12. The qPCR was carried
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b) incubating the first aliquot with the at least one antigen over a certain period of time, c) detection
and differentiation of the T cell population by detecting in the first aliquot and in a second aliquot of the
body fluid of the individual, which has not been incubated with the at least one antigen, at least a first
marker of the APC induced by T cells in a specific T cell population using reverse transcription
guantitative real-time polymerase chain reaction (RT-qPCR), and d) detection and quantification of the
T cell population by determining the ratio of the detected marker of the APC of the first aliquot to the

second aliquot. 2,.Method ording to claim 1, wherein in step c) additionally at least a second marker
is detectec?‘?ﬁttﬂ’étmgt %813}%%?‘1@56 oMb I JSEHp e e SsiEgndhmariER b MlticEasmarker of

the T cells 8ieRTsalresn aDPICTe Me}epVikises Msldatartion apgiguantification-abike l £all.population
by determining the ratio of the detected first marker of the APC and the second marker of the T cell in
the first UL R SRR AL, MOTHGE A0t Pl 6 2 e eb THE tod

comprises inistePaa) & ¥BtheGsiap apcantagting Wiesenond aliguetwith atleastonsiaitigen, and
comprises in.step b). a further step b') incubating the second aliquot for a certain period of time,
wherein thé péfiod %ﬁiﬁﬁgﬁm %%8% f)&ﬁ%mﬁéjﬁﬁw% HEMSH SrMETR St b et Ebriprises
instead of SEBc)MOIBIY) deigetomand wWiffsrntiatonof tee Fogthnepplatioaydefesting the first
marker In e R A A R RS BT S oot P SEQ D NO:17:
CXCL9 forward primer GAGTGCAAGGAACCCCAGTAGT, represented by SEQ ID
NO:18; CXCL9 reverse primer GGTGGATAGTCCCTTGGTTGGT, represented by
SEQ ID NO:19; CXCL10 forward primer TCCACGTGTTGAGATCATTGC,
represented by SEQ ID NO:20; CXCL10 reverse primer
TCTTGATGGCCTTCGATTCTG, represented by SEQ ID NO:21; CXCL11 forward
primer CAAGGCTTCCCCATGTTCA, represented by SEQ ID NO:22; CXCL1I
reverse primer CCCAGGGCGTATGCAAAGA, represented by SEQ ID NO:23 (all
CXCL primers are from the doctoral thesis of Theresa Knoblach, 2010, Das
Cytomegalievirus IE1-Protein als Regulator des humanen Transkriptoms und
Zielstruktur RNAi-basierter Therapiestrategien, University of Regensburg). The
temperature profile of the qPCR comprised 3 min denaturation at 95°C and then 40
cycles consisting of 5 s at 95°C and 10 s at 60°C. The gPCR was performed on a
StepOnePlus Real-Time PCR system (Applied Biosystems). The results of the

comparitive Cy analysis (ZACC‘)_ are given for both samples in figure 19.
This comparative analysis of stimulated and non-stimulated samples of a latently

infected TB patient and a healthy individual, respectively, indicate, that these genes may

be suitable as marker for the detection of latent TR diseases.
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58 4. Method according to anyone of claims 1 to 3, wherein step ¢') comprises the detection and
differentiation of the T cell populations by detecting the first and the second marker. 5. Method
according to anyone of claims 1 to 4, wherein the aliquot of the body fluid is separated into an aliquot
A containing only APCs and into an aliquot B containing T cells, and wherein step a) comprises a step
al) contacting the aliquot A with at least one antigen, and a subsequent step a2) contacting the aliquot
A contacted with the at least one antigen with aliquot B. 6. Method according to anyone of claims 1 to
5, wherein the T cell populations contain naive Eéi:ells, activated T cells or memory T cells. 7. Method
according to anyone of claims 1 to 6, wherein th FR1s of the T cell populations are CD4fr T cells,
Th-1 cells, Th-2 cells, Th-17 cells, CD4-CD25* regulatory T cells, Th-3 cells, CD8+ T cells, CD4-CD84

cpotoe £ CRAISED el SIS Tl o s e g e

pericardial fluid, acbnomttital thwdgikoaihgreprarrow aspirate, a suspension of lymphatic tissue or a

purified PBMC pog)matiocr}intacting a first aliquot of a body fluid of an individual with at least one
antigen, wherein the body fluid contains antigen presenting cells (APC)
and T cells,

b) incubating the first aliquot with the at least one antigen over a certain
period of time,

c) detection and differentiation of the T cell population by detecting in the
first aliquot and in a second aliquot of the body fluid of the individual,
which has not been incubated with the at least one antigen, at least a first
marker of the APC induced by T cells in a specific T cell population
using reverse transcription quantitative real-time polymerase chain
reaction (RT-qPCR), and

d) detection and quantification of the T cell population by determining the

ratio of the detected marker of the APC of the first aliquot to the second

aliquot.

2. Method according to claim 1, wherein in step ¢) additionally at least a second
marker is detected in the first and in the second aliquot, wherein the second
marker is an induced marker of the T cells themselves, and step d) comprises the
detection and quantification of the T cell population by determining the ratio of
the detected first marker of the APC and the second marker of the T cell in the

first aliguot to the second aliquot.

3. Method according to claim 1 or 2, wherein the method comprises in step a) a
further step a’) contacting the second aliquot with at least one antigen, and
comprises in step b) a further step b”) incubating the second aliquot for a certain
period of time, wherein the period of time in step b’) is different from the period
of time in step b), and comprises instead of step ¢) a step ¢*) detection and
differentiation of the T cell population by detecting the first marker in the first
and second aliquot by RT-gPCR, and comprises step d).
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9. Method according to anyone of claims 1 to 8, wherein the antigen is a peptide, oligopeptide, a
polypeptide, a protein, a RNA or a DNA. 10. Method according to anyone of claims 1 to 9, wherein the
antigen is an antigen of a bacterium, virus, plant, animal, fungi or parasite. 11. Method according to
anyone of claims 1 to 10, wherein the antigen is selected from the group consisting of PSA,
HER-2/neu, Mucin-1, MAGE, CEA, myelin basic protein (MBP), myelin oligodendrocytes glycoprotein
(MOO), myelin proteolipid protein (PLP), myelin, insulin B, preproinsulin, IA-2, GAD65, 59 H5p60,
ESAT-6, CFP-10, TB?.?, TB37.6, MPT63, tuberculin PPD, V1sE, p58 (BBQO03), p14, p21-24 (OspC),
p37-38 (FlaA), p4l, p19 (OspE), pl18, Crasp3, BB0323, p26 (OspF), p28 (OspD), p30, p39 (BmpA),
p60-65 (common eietigen atisp6iay p83anl00e M?c(@smmopslva%;(@s%p R3AAgRiBYs yrelia lipids,

a lysate of borreli stramsé%gig}%gﬁ[gm pl7 hog, Rgr nef, p El@’l 1E2, BZ F EBNA3 EBNA2,
EBNA6, BMLF1, EBRAI OREEINORES Iﬁ%&ﬁ deirE R 8 153 finoc
according to anyafe afclaimsikéo 11, wherein the period of time for contacting in step a) and
incubation in step b) is 0 hours to 72 hours, preferably 4, 6 or 8 hours.
5. Method according to anyone of claims 1 to 4, wherein the aliquot of the body

fluid is separated into an aliquot A containing only APCs and into an aliquot B

containing T cells, and wherein step a} comprises a step al) contacting the

aliquot A with at least one antigen, and a subsequent step a2} contacting the

aliquot A contacted with the at least one antigen with aliquot B.

6. Method according to anyone of claims 1 to 5, wherein the T cell populations

contain naive T cells, activated T cells or memory T cells.

7. Method according to anyone of claims 1 to 6, wherein the T cells of the T cell
populations are CD4" T cells, Th-1 cells, Th-2 cells, Th-17 cells, CD4°CD25"
regulatory T cells, Th-3 cells, CD8" T cells, CD4'CD8" cytotoxic T cells,
CD4'CD8' T cells, CD1617 NKT cells and/or a mixture of various T cells.

8. Method according to anyone of claims 1 to 7, wherein the body fluid is blood,
cerebrospinal fluid, lymph, pericardial fluid, a bronchial lavage, a bone marrow

aspirate, a suspenston of lymphatic tissue or a purified PBMC population.

9, Method according to anyone of claims 1 to 8, wherein the antigen is a peptide,

oligopeptide, a polypeptide, a protein, a RNA or a DNA.

10. Method according to anyone of claims 1 to 9, wherein the antigen is an antigen

of a bacterium, virus, plant, animal, fungi or parasite.

11.  Method according to anyone of claims 1 to 10, wherein the antigen is selected
from the group consisting of PSA, HER-2/nen, Mucin-1, MAGE, CEA, myelin
basic protein (MBP), myelin oligodendrocytes glycoprotein (MOG), myelin
proteolipid protein (PLP), myelin, insulin B, preproinsulin, 1A-2, GADG65,
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13. Method according to anyone of claims 1 to 12, wherein the first marker of the APC and the second
marker of the T cell, respectively, is a nucleic acid or a protein, in particular a RNA, a DNA, a nucleic
acid fragment, a peptide or a peptide fragment, and is induced by said contacting and incubating with
the at least one antigen. 14. Method according to anyone of claims 1 to 13, wherein the marker of the
APC is 4-1BB ligand (4-1BBL), 0X40 ligand (0X40L), TNFSF (CD70), B7.1 (CD80), B7.2 (CD86),
FeyRIll (CD16), FcyRII (CD32), FcyRI (CD64) or a further representative of the TNF/TNF receptor or
immunoglobulin superfamily. 15. Method according to anyone of claims Ito 14, wherein the marker of

the T cell is INF-18;siNb; Ve S, e, U -4 BHB, 11367 WA 163l Zuberd 3l S MG SKIsEG 318, MIPla,
MIP Ib, 4-1BB, CD25 (gerforin and/or granzyme. 16. Method according to %fme of claims 1 to 15,

wherein the detectidH it 1d Gurrlificaiowin skeg O P isPperibim @ siicki8h&i{- ByRising PCR,
quantitative PCR @IBEGR), prsrasspay, p2RGOsFibISpri anklisap Ay J60-fy perfaiming.agaethod

according to anyone of claims 1 to 16 comprising_ an antigen and_a primer)pair for amplification of the
marker. 60 Hsp60), p83-100, p17 (Ospl7), p31-32 (OspA), p34 (Osp B), borrelia Iipids, a

lysate of borrelia strains, Pr35%%, p24, pi7, POL, RT, nef, pp65, 1E1, IE2,
BZLF1, EBNA3, EBNA2, EBNA6, BMLF1, EBNA1, ORF1, ORF4, PRF62,
ORF68, HBsAg, HBcAg and AdVS.

12.  Method according to anyone of claims 1 to 11, wherein the period of time for
contacting in step a) and incubation in step b) is 0 hours to 72 hours, preferably

4, 6 or 8 hours.

13.  Method according to anyone of claims 1 to 12, wherein the first marker of the
APC and the second marker of the T cell, respectively, is a nucleic acid or a
protein, in particular a RNA, a DNA, a nucleic acid fragment, a peptide or a
peptide fragment, and is induced by said contacting and incubating with the at

least one antigen.

14.  Method according to anyone of claims 1 to 13, wherein the marker of the APC is
4-1BB ligand (4-1BBL), OX40 ligand (OX40L), TNFSF (CD70), B7.1 (CD80),
B7.2 (CD86), FeyRIII (CD16), FeyRII (CD32), FevRI (CD64) or a further

representative of the TNF/TNF receptor or immunoglobulin superfamily.

15, Method according to anyone of claims 1 to 14, wherein the marker of the T cell
is INF-B, INF-v, TNF-a, IL-2, 1L-4, IL-5, IL-6, I1.-10, IL-12, 1-13, GM-CSF,
TGF-B, MIP1a, MIP1b, 4-1BB, CD25, perforin and/or granzyme.

16.  Method according to anyone of claims 1 to 15, wherein the detection and the
quantification in step ¢} and d) is performed additionally by using PCR,
quantitative PCR (gPCR), microarray, FACS, ELISpot or ELISA.

17.  Kit for performing a method according to anyone of claims 1 to 16 comprising

an antigen and a primer pair for amplification of the marker.
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