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i nventi on MO 208919éheral ly to the field of diagnosis. anBCTUSHOHBIHE48 of

aut oi nmune di sease, such as nmultiple sclerosis (M5). Mdre particularly, it
concerns the isolation of antigen-specific T cells. In addition, the present

I nvention concerns thelSOIATION ANDIIENPHICATION ORI 6ELDS t he treat nent of
aut oi nmune di sease, such as M5. BACKGROUND [00021 Intercellular

recognition conplexes forned by T cell receptors (TCR) on cytotoxic T -
| ynphocytes or T hel per cells ELPHOFIEH MEENTINexes on antigen

presenting cel I?sﬁlé)APC are.a common recognition_conmponent in_a diverse set

of cell- cell Jhe Bresent inyentignrelates genprally [q the figldiof diggnasis and redtmgry oprent
of the repert QjfhfoRfimine daféaéessd@hta@mmtam stierbisié KMB?'M&E@%&:@HM gositive

sel ection; negative selection;, peripheral survival) d during the control
(T hel per) an@omer@dh@mbtl@xg@fsan@gentdpmféﬁcws hlr@dél(EththQ/BreSqnhmmones ponse.

10003] In th
nyporvar | abl & Shatin A s TG SEAMEF R MSART of FRABMEE DB o ce

wi th suffici ersublyamMBerse structures to be able to recognize any anti gen.
Anti bodies can bind to any part of the surface of an antigen. TCRs,

however, are restricted to binding GO6R RGPt i des bound to class | or
class Il nol ecules of the major hi s?ﬁcorrpapig |ity conplex (MHC) on the
surface of AP%ooﬁT%ﬁefc@mﬁmeﬁdgﬁﬁoﬂto iipIBiRR FdrAied %‘@ce@me Srs (PERPS S
activation (clonal expansion are heterodiners
conposed of t vytatérié Hdympliogytesent meaéﬂls(aad ycomplelyesopgam del ta).
The structure Ig) Each
chain has two p(%este;[t%ﬁﬂl? Aélfé) oérsra:ia&}rl{'ksIﬁl &V\fhﬁ%ghﬂgb g@ﬁxp#ﬁﬂﬁ%l%%ﬁ%@?&ﬁ o;ﬁfl{' -
am no- t er m nal cetl enedunterssthétiagtinaye T eslls dbtheluangithe dtvebapnichtof thearepatdus of W)

domai n. The dongi n.cl ose the c nst C

These i o dorsieRs wifFia S5 v e RS RSS FSeHi RsBH 56 ar Rifen BFPEL enbl o
Fab fragnment survitg) adddaRg the 06ntACNhelpba) and REfctbr btapes cmnb@ oPa Aaptive
determning regions (CDR). Proximal to the nenbrane, each TCR chain has a
short connect i'HGUREEHFHREe with a cysteine residue that forns a disulfide

bond between bphdB)ah &leaptive immune response, antigens are recognized by hypervariable

molecules, such as antibodies or TCRs, which are expressed with sufficiently diverse
structures to be able to recognize any antigen. Antibodies can bind to any part of the
surface of an antigen. TCRs, however, are restricted to binding to short peptides
bound to class I or class IT molecules of the major histocompatibility complex (MHC)
on the surface of APCs. TCR recognition of a peptide/MHC complex triggers
activation (clonal expansion) of the T cell.

[0004] TCRs are heterodimers composed of two chains which can be o (alpha-beta)
or yd (gamma-delta). The structure of TCRs is very similar to that of
immunoglobulins (Ig). Each chain has two extracellular domains, which are
immunoglobulin folds. The amino-terminal domain is highly variable and called the
variable (V) domain. The domain closest to the membrane is the constant (C) domain.
These two domains are analogous to those of immunoglobulins, and resemble Fab
fragments. The V domain of each chain has three complementarity determining
regions (CDR). Proximal to the membrane, each TCR chain has a short connecting

sequence with a cysteine residue that forms a disulfide bond between both chains.
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and yS heterodimers are only expressed in the T-cell | four TCR
loci (a, (3YO9004/83503) have a germ|ine organization very g?%ﬁUﬁﬁ}“/O%“é“st hat of
lg. a and y chains are produced by rearrangenents of V and | segnents
whereas (3 and[mﬂfmémSememQro@dmd%ihél@fomﬁﬁfsrammm&swf in'Yhe Pcelbnd J
segnents. The _gene _segnents faor TCR chains are | Qcated on different
chronmosones, el T?‘ﬁg"“BTcgﬂa?lr(“déﬂén%Mﬁ? gerf”ﬁ]é‘fe IRIBEORERY, SiHlBr v and J

gene segments Qfy,diRer2oGhaY Bhaild e 81109196%3 b??eaﬂﬁng’énﬁﬂ@ oFVEnE swnt s has a

significance: a productive rearrangenent 0 hai n gene segnents deletes C
genes of the Swbéreas andd® thmsanerpr@ﬂug&dlwrremmgemdm@@(\GD land Esegohenter Theannot be

co-expressed with t . 006] | there are apout 100 Vu
o 50 3o geneaons seamemdon FGREHRY: whipoed ou el cromiomed EseR Bife 1 ar |y
has about 10 Vepafy %ﬂ e 88¥heAtsIhdl SR ARINRIANE and TMRné &yfeﬁ@bmemaﬁlamé y has
20-30 V segnents and two identical repeats containing 1 D(3 (i and 1

Co. Finally, tlveationoliéichaiyexmee fegmeity hasarsignificance: a/praductile daafr&ngemntqf C
repeats. |In hunmgns the or g ni tigqn is sinmlar. to that of m G t the
nunber of segn®f @nge%ﬂrﬁe%%‘ é%?ﬁewngégbéﬁﬁ&Fgﬁ]ﬁ%“b?%‘gh@ i@ﬁ@nts in a
and (3 chains hﬁer%&ﬁﬂe&@me%etdaaé;pﬁﬁsedh%the%%& peRlai n, like the light chain
of Ig is encode , and gene segnents The (| chain, like the heavy

chain of 1g, |B)oaﬁdmdmde,blyera/areﬁbommapvagem&@emmsmen@em@@mgm@@ts of a
chai n gene segnments sult .in VJ ment s _of hai n
oaul't O novb peamient, TR Seehaip Bene waly Moo . FEL PEAT B Btiens. R
processi ng, anEhaHQe%'féﬂﬂﬂ&sth@\ﬁse%ﬂt@ntﬁ@n&mllﬂﬁlﬁ@eﬂ@e B cafserlg liDked by a
disul fide bond in the nenbrane of cells. [0008 g@pe segnents are

T
flanked by rec#fymdiGp Riallyathe yebaie goeariio®ptainschy anh? dfferenhbpirepeats- and a

nonaner wth an i nteryenin uence ye e turn) or
23 nucl eotides Itwnfﬁ\;r%rg %Kgﬁ? N lmﬂ,ar é’r@at%g'gﬁcg’rll@ég{éc aég}dt@gﬁnén?ﬁ
recombi nati on- aariesvating genes (RAG 1 and RAG 2) are responsible for the

reconbi nati on processes. RAGL/ 2 recogni ze the R nd j.oi.n, V- J and_ V-D-J
segments in t hi09&Eherafrangegents Pfﬂeﬂg?'egﬁ’fe?téﬁ’g‘éﬁéfﬁ ghﬂufgjﬁ gpiler tofhat of onzynes
cut one DNA sigafd Defaife iRe HAGigBEREInDE BB Bhcodsth 1WeJ RREC &sts%g&ladtﬂ_e the

formation of a halrpln I'n the codi ng sequence. The S|gna sequence is
subsequent |y e¥bé Eehhm,[lﬂte@@mei‘hecmmrdﬂg;aﬁemm@ﬂbyé’,M,mgibgenvseglm:nﬂi segnent s
i n a chains an V

angemen?s of a chain gene segments result in VJ joining and rearrangements of
B chain result in VDJ joining. After transcription of rearranged genes, RNA
processing, and translation, the o and 3 chains are expressed linked by a disulfide
bond in the membrane of T cells.

[0008] TCR gene segments are flanked by recognition signal sequences (RSS)
containing a heptamer and a nonamer with an intervening sequence of either 12 .
nucleotides (one turn) or 23 nucleotides (two turn). As in Igs, enzymes encoded by
recombination-activating genes (RAG-1 and RAG-2) are responsible for the
recombination processes. RAG1/2 recognize the RSS and join V-J and V-D-J
segments in the same manner as in Ig rearrangements. Briefly, these enzymes cut one
DNA strand between the gene segment and the RSS and catalyze the formation of a
hairpin in the coding sequence. The signal sequence is subsequently excised.

[0009] The combinatorial joining of V and J segments in o chains and V, D and J

segments in {3 chains produces a large number of possible molecules, thereby creating



segnents in (3 chains produces a | arge number of possible nolecules, thereby
creating -2 8 FEBRUARY 2007 WD 2004/015070 PCTI US2003f BEBBUARY, 2007,,0r gj t y
of TCRs. DWRRWH#OISTE 3| so achieved in TCRs by alternati vVECTESHO3B24848 gene
segnents. In contrast to Ig, (3 and S gene segnents can be joined in
alternative weyavers@%‘idemnlbiva@ltgerwsoaeﬁé%atirsTCRs byaltunthtive IRy SERAENL S can
generate VJ and VDJ in the hai n, and VJ, and VDDJ on the S chain.
As in the cas éeeﬂeqteheﬂ%%? %8;/ agdﬁa?@éem%ﬁfeeéemme@am Akigsnative yways t he
joining of geng Sﬁt‘f'«ﬁxﬂﬁl{% 1 own as
conplenentarity deter tgénl n% %@%?Aoyngﬂsé%&s re{:lécs)g%ip é‘g e‘hjg%n-rgpqoag@e surface
made from a Mihe prohads ahé VANDE and VDD opdetd dhein. Ahin thbe@e bblgpdivakitpisand (i
contact only :‘PEI % | ecul n the , surface of APC, while the CDRl and
CDR3 | oops corftS8dO6e 3‘[‘%““@3 1 dhe Jakpe R e SFRTH e, Conpared with |g,

TCRs have nor goo10]Hkypervakiabes 19bpsyofitie leemlaseaﬁpleﬁaﬁzntyldetéﬁﬁwn diversity
of the CDR3 loops in TCRs is_ higher than that of because TéRs can join

more than one TeBieRsdDIRS) Teeorizsdhe eompesitreuties W%&O%MPIC #rigeplepnda [ 0011]
The _pat hogenesyognPepfiad 11D eDrOM gk P /Il BRofthct 835 ¥ MU RbLENEE 1} D

caused by aut ol responses to se igens present in the
organi sm Not suefhde cfitPEY; erade the DR candIGDRE leopsaiontaetbothrthe heptidn gnd MHG n

contradiction W|tht t # e Cﬁﬁ‘\“ with TCRs
for a broad sp%(’lfcrutlfm 8?1%%%??}' %‘%?ellcgﬁgsha%‘é‘g’r%éﬁﬂ”? qglgg‘; 99 g‘?thghe nloar%%al T-cel |
repertoire ancCDR2. Howevyr, divesity of the CDRB ieopp éir TEIReis highe than thatofdg,ear why
autoreactive T cell re al) owed, duri t hei ut I on 0 unde go
differentiati difc3use iﬁgjfﬂvﬁﬁén%fﬁg‘a&toge ﬁg Iﬁ&’ﬂ@ o Jysmghte %B?lf"‘b‘ﬁ'é y. Wile
their physiol@grgsl role is not understood, these autoreactive T cells,

when acti vat ed resent a potential risk in the_indugt |eﬁ>n of aut oi nmune
pat hol ogi es. dhe prihegenesip o) rumbgrof autogmmune disspses aspeliptrd B¢ nal

i ndi vi dual s Wéabeaﬁo LRGIARKLHLENE§nRE to @Hhﬁhé@ﬁb‘?ﬁséﬂtﬁﬂﬁé@éamkﬁm Néts been
establ i shed t hat an? gen recognition of autoreactivit itself is not

sufficient to &Mﬁ%@ﬁYﬁﬁcﬂGtaw@@mMWOM@admn&ﬂ theyd Ol}ﬁ erequisites
for autoreactiye don C;%L %ﬁ Cy I ’P@élﬂ%@l I£Sr M}ééd% % &gt i vated.
ogene5| S Ol

[ 0012] Autoreactive are Inplicated 1n the aut oi nmune
di seases, suclreprssentpari qfithe nnrinel Hedlrepavisire andjnaltlhelbhmcelatb intheperiphesy.( RA) . The

It is unclear why autoreactive T cells are allowed, during their evolution, to undergo

differentiation in the thymus and are accommodated in the periphery. While their
physiological role is not understood, these autoreactive T cells, when activated,
present a potenﬁal risk in the induction of autoimmune pathologies. Autoreactive T
cells can also be isolated from normal individuals without the censequences of
autoimmune diseases. It has been established that antigen recognition of
autoreactivity by itself is not sufficient to mediate the autodestructive process. One of
the prerequisites for autoreactive T cells to be pathogenic is that they must be
activated. |

[0012] Autoreactive T cells are implicated in the pathogenesis of autoimmune ”
diseases, such as multiple sclerosis (MS) and rheumatoid arthritis (RA). The
pathogenesis of autoreactive T cells in MS is generally held to arise from T cell
responses to myelin antigens, in particular myelin basic protein (MBP). MBP-reactive
T cells are found to undergo in vivo activation, and occur at a higher precursor

frequency in blood and cerebrospinal fluid in patients with MS as opposed to control



pat hogenesis of autoreactive T cells in M5Sis generally held to arise fromT
cell responses to myelin antigens, in particular nyel SFEBRUARYABE i n

(VBP) . NVBPWIO2A04/019670 T cells are found to undergo in vivd@EHI206(02¢6H48 and
occur at a higher precursor frequency in blood and cerebrospinal fluid in
patients with NGvifaRPRRFEHBPesERs TRbIS &Eﬁgﬂ%&?&  ILVOTREQAL 15070
PCT/ 1JS2003/ 024548 i ndi vi dual.s.e These p?é’g?rgac ive T ceI%s producé Tnl
cytol.dnes, e. gr-interfegon (¥RP0s whicnficilifate migeation oHinflanmakoyy collsiinth teaentrdlt at e

m gration of inf AL Or | H}E he central nervous syst.em and

exacer bat e nyelﬁmr‘k@ggg r J% dlce\%gé% a el&t%?‘?/ucg‘é%l gﬁ%"%lg{olr}sr)\reﬁg’. es[lﬁg)isg]
Myel i n-react i vigoI3]ddydim-rhavtiee &lcelis limve alss beamshdwn tb de invobled édthen t he
pat hogenesi s of .experinent al. autoi mmune encephal onyel itis.(EAE). in ani mals,
whi chr esenb! dRatietnesindf Sxptrimentalaylernming o a@my%ﬁgi@é@éﬁ Hfl‘@z“ém mal's by

i nj ecting nyekhioh ps@hbles ISEBAE hd beiildidad adtivalijinMRbdptible apdeas Meinjectiys

I njecting nyelin-reactjve T-, c&ll | ipes and c| ones . derjved from .

nyel i n- sensi t | PEAMAEtHRRP emuljifisd, ingm adjnypntr passiyely Py injecting ypyshiqactivtber s of

nyel i n-react i v Tine@iddslctes dérRed iroRCnjelinisBdited FiRals irhéLackVited fdlifo,moOr €
resting T cells with the sane reactivi t_g are incapable of nediati

ng EAE.
[0014] EAE hasveseapalkmshers of myelipieastvn beplls aw requirsd to induce EAK; wﬁéledg%at i on
with inactiv ' . : |1
vacci nati on (aneon- ﬂ%%eéthﬂg ;[f‘c? ﬁ&%ﬁ}g%ﬁ%%cfvﬂﬁ%%%gw&%ﬁﬁ%&w Fﬁcci nation
i nduces regul ai08t4] EAlrbasdeen doparie beprevantadianéd alsofreaed by-vageivationivethT cel | s and
anti-ergotypic, 1Lch. Q | . IR I tive T
cells. By depl B ?uﬁlgée!riry%fewfe%g%\lgﬁ? %élg"fl pé%%ﬁ%r,ggﬁteﬁgr %ggg{:ﬁl?ﬁg’bpg%r{ gﬁ%?tle
observed i n EAH,Nadirgt1081; 202 pfr-6 )ETrtell vaacihaiomindueesdegdatery immmdel s (Li der et
at., Science, 1988; 239:820-822;.lohse. et. at ci ence, 1989; 244 _ 820-822).
[0015] Due to ?F@ni‘?ﬁfggggsqgr??ﬁ'&l fE cﬁl}ssaélgg‘il'%a@?lg ,Tlc’Fﬁﬁ’e‘Y }Féh/]ﬁﬁ%ﬁonat i on
has recently @ddasleaa of myelin-foactle T cellalBy deplefing mngélirsrendtive TNBIIs,Based on t he
results in experinentgl m)de{)s sach g_ﬁ EAE, it is believed thaj depletion
of autoreactiv CEIPRULE PHeCt$ G OP§Fhe \}%E én‘_é?t!’“?fieéﬁ?“”_&‘@ﬁﬁl%‘émmw 2785t her
aut oi mmune di sR3EASLideP AL Skibnce, B880139B082 D Alohée dr @l , Sc¥aBs;1198;12a Wi t h
i rradi ated aut ol ogous MBP-reactive T cell clones elicited CD8 cytolytic T
cel | responses830r&2).specifically recognized and |ysed circul ating

MBP-reactive T[g_@?;glﬁue(tglﬁﬁsg%céc%gs RlautoRtrh @R Eseask Fibdlels 2P dell \l;a%é}litilo‘ﬁﬁu%s Medaer et

at. Lancet 199 46: 807- {m] Thr ee subcut aneous 1 nocul ations wth
recently advanced to clinical trials in patients with MS. Based on the results in

-

experimental models such as EAE, it is believed that depletion of autoreactive T cells
may improve the clinical course of MS and other autoimmune diseases.

[0016] In a pilot clinical trial, vaccination with inadiaited.autolog(‘)us MBP-reactive T
cell clones elicited CD8" cytolytic T cell responses that specifically recognized and
lysed circulating MBP-reactive T cells (Zhang et avl., Science, 1993; 261: 1451-1454,
Medaer et al.. Lancet 1995: 346:807-808). Three subcutaneous inoculations with
irradiated MBP-reactive T cell clones resulted in the depletion of circulating MBP-
reactive T cells in patients with MS.

[0017] In a preliminary clinical trial, circulating MBP-reactive T cells were depleted
in relapsing remitting MS patients and secondary progressive MS patients (Zhang et
al., J Neurol., 2002; 249:212-8), by vaccinating the patients with three subcutaneous
injections of irradiated autologous MBP-reactive T cells. T cell vaccination was

beneficial to each group of patients as measured by rate of relapse, expanded



irradi ated MEP-reactive T cell clones resulted in the depletion of
circulating MBP- reactive T cells in patients with VS, PEBBRYARY 2907
prelim narWQRI0EW70trial, circulating MBP-reactive T cePCEHURRNYIHES et ed
in relapsing remtting MS patients and secondary progressive M patients

(Zhang et at, didd¥alityQtale sodhid MEPleddrlachiyity. Powéa&GChBRiwal @ tieh@fdahi ents Wi th

t hree subcutaneous injections of irradi ated_ aut ol ogous MBP-reactive T
cell's. T cell selerirdinregression afterabeyttwelye mopthe fnllewinedhelastinjsetioneFhes as

nmeasured by rag; 1ﬁéadé§bﬁlﬂ§%pa%?%%ﬂteﬂﬂ)r&rfﬁ%&ﬁpzmﬁ(@l?e004/ 015070
PCTI US2003/ 024548 disability scal e score and l esion activity. However,

there was a trassecigted wifha g@ée&dé?la@@ﬁtbsﬂa@%méweéwéﬁceb\wmnatlm ve nont hs
followng the bt MHFhRRT IS In Spinhiicid16520] of eimBRBALABhaGEC ol o at ed

progression is nown, but may ssocl a ed Wlt a gra ua clTne of the
i muni ty i nducdBhseadtived] qeﬂvmmmmduababou@tgasmmum theacceleratedT cells. In

omer L el U S I BRI | o

cases, ther eapif&mnt cignd!/BEialﬂaeims thatewelre oetl detectod bgbnataedna‘uonmugghsfxﬁgaﬂlmt

cl onal popul at | e not fore vaccinati sting
that MBP-reac ereﬁ’c V8I I‘?lmy Hﬂ%&ogc F‘ﬂ?ﬁf’r ?HPWSPB?H @85% g%%gadi ng.
Cl onal shift oMBIMBREctiveATIellY Rasheebiservbdin padsous elagies (Adng br 4Ir @95and St udi es

(Zhang et al. 1995) and  may, he associ ated with the on-going di sease
process. [0018Pamﬂ§§8§}ﬂe¢wgglthe‘\?éﬁ9& PYPIIEES- been denpnstrated to be

effective for ﬂhﬁiﬂx&&hm’&il'vﬂcchﬁﬁ%héé%eéﬁd‘eﬁloh&ra@é@lC%oB@EﬂéHh‘v@fdry benefi ci al
for M5 patlents ere are several problens with the treatnment. T cell

vacci ne tr eat né¢enletingmyelinneastvq G aellsgnd potentially henefivial far MScnationts Migseaehe T
cell receptors Qlrhblchis Wit Q{/&ug erft oF det v%é&é&él%éﬁt fed N fler sV

bet ween di fferent patients evyver et al 1995;
25: 958- 968, V\ﬂufulancibiahmdilycaal@e'élﬁTcenremwﬁmyelu&mveiﬁmlsmiu%gz Hong et
at., J. I mmunol, - 353 . n
i ndi vi dual i zed 8F° &K gr?(p g g‘f‘?vgeﬁ‘ﬁff%%ﬁ?%s §£t\%gé2‘]’a‘ld§"’r§’gp%‘ dh gl 9 ﬁ’%"guce a
given T cell vae9s; a&%&%ﬁgVﬁwhexpfdnnigreodedubrmnoprleﬂadﬁﬂﬁﬁsb15592 ]Hon@étl

vacci ne begi ns w i sol.ajd.Ag, X ar cells fromthe cerebrospinal fluid
( CSFMCs) or pef’*mp}hg'l”ﬁzl’”%t i)dgg ’(mﬁig@ a patient. The isol ated nmononucl ear
cell's are thefooa9) nudationtd beinpiadividufizpd fod eschipatient ublo dayekd © rapired at e

elin-reactive T
4 to produce a given T cell vaccine using current procedures. Production of a T cell

vaccine begins with isolating mononuclear cells from the cerebrospinal fluid
(CSFMCs) or peripheral blood (PBMCs) of a patient. The isolated mononuclear cells
are then cultured with myelin peptides for 7-10 days to activate myelin-reactive T
cells. Cultures are then tested for specific proliferation to myelin peptides by
measuring [*H]-thymidine incorporation in the presence of myelin peptides over a
period of 3 days. Cultures testing positive for specific proliferatioﬁ to'myelin pepti&es
are then serially diluted to obtain clonal T cell lines or directly expanded. The cells
are then cultured up to 6-8 weeks to expand the T cells. When the final T cell vaccine
product is clonal, the T cells are homogenous ﬁm a single pattern of VB-DB-J B gene
usage. Usually, three to six of the clonal cell lines are combined to produce a
heterogeneous formulation with multiple patterns of VB-DB-JB gene usage. When the
final T cell vaccine product is produced by direct expansion, the T cells are

heterogeneous with more than one pattern of VB-DB-IB gene usage.



cells. Cultures are then tested for specific proliferation to elin
peptides by measuring [3H -thynidine incorporation in &HBRAREH? of

nyel i n pepwiodms4/ansero a period of 3 days. Cul tures testi REGHHZDI02¢548 or
specific proliferation to myelin peptides are then serially diluted to
obtain clonal I'The |uid?ﬁ§ué?irzedjﬁaﬁﬁ95f Tcé%ﬁ@aﬂﬁﬁn aiﬁ‘ﬁle?%le@ed @El?cﬁtli]fw

cul tured up to -8 weeks to expand the T Inal T cel

vacci ne pr ole?P qd§°’éPT8ﬁ'&1"°nPﬁ@°1TV%S-‘é1nP§mli? ee%%gmye gind Iabex ustbrwgiee pattern
of V13- X3 J( 3y trehtSlifiodoldptiR T exteRdcAinictodiitea ¥ir c%ﬁ%%ﬁJIQF@é ofstkd |ines

are conbined to produce het'er ogeneous fornulation wt | e patterns
of V(3-D( 3- J( 3 ggnificant Hgkeof copteminaten. Fﬁn%amheﬁﬂ@bhqodwégbnaiehqﬂmx@nmpeu S

d d by d th
bne pat tern of PO EANFFRachia chug by ol MR RS3RGR Y st 8l S0 70
PCT/ US2003/ OZ%Mné%B&hpIﬁmtmﬁtﬂla\dlﬂﬂuaitpﬂm RN RHDB- lp‘sfgei{e c@gé vacci nati on and
t he prol onged ¢ needed faor uction make

t r eat nent expelﬂal\} %ourigg]&?ﬁe?‘ﬁf@ﬂ%‘?d\}% CVER SFPOY ?‘f’@ﬁ a‘iﬁﬁf E"&P&& es. The

extended time Jeﬁﬂﬁﬁ@ﬁ%ci&ﬁW@@ahh%‘dﬂk tsUEHCasNISE, 16t Yy B8 used t6 pibduéd Taelt ri sk of
contam nation. Final|l the Iik hood of clonal, shift or epi t.o spreadi ng

of nyelin- reac‘taP‘?}Bes'lbe@F (rsatpgyt of patienisavithylbcellpedizied discasesslehas Mg Berea T cel
vaccine for eagh Qadd £iledW a&eﬁp@hﬁ&%ﬂ?&m&em%&ueﬁlg%%nQﬁ&m&}%ﬂ%ne usage.
100211 Therefore there exists a need to devel op | oved net hods of
isolating T Cletdregeniaus pattezs of VBDB, T gene wsage tgeneounggv@hload shiref t hat may be
used to produce, T c T ccines for the treatnent of patients with T

cel | - medi at ed %W§8§§g§ §ﬂ§h as Ms. There also exists a need to devel op

i mproved nethods for producing T cell vaccines with a heterogeneous pattern
of V(3-D13-JR gene usage to account for clonal shift of autoreactive T
cells. -6 8 FEBRUARY 2007 WD 2004/ 015070 PCTI US2003/ 024548 SUMMARY COF THE

| NVENTI ON [ 0022] The present invention is generally directed to nethods of

i solating antigen- specific T cells and nore particularly T cells specific
for self or autoantigens. The nethods for isolating one or nore T cells
specific for an antigen of interest generally conprise incubating a sanple
conprising T cells obtained froma patient with said



antigen or a derivative thereof; selecting one or nore T cells that express
one or nore first markers selected fromthe group cons?gF?$Eﬁ%X2%f59 C,
CD25, CD36VéO004BLMBR, and one or nore second markers sel BCT/E82003/624548he
group consisting of IL 2, [IFNg, TNFa, M, IL-10 and IL-13. [0023] The

met hods of the invention are particularly useful for isolating autoreactive
T cells which play a role in g/t PeSerARINVENTIGNI Mune di seases. [ 0024]
The nethods of the invention also permt the diagnosis of autoinmune di sease

as wel | as noneg2ey iI’H@pI%Mthﬁl&ﬁfoﬁséSg'eﬁétaWdﬁdaﬁd@dﬁe@Sd% dTigbldtRE afiiyidht Or i ng the
efficacy of tre (% r the d % [ 002 4 nethods of the invention
al so al |l ow thépﬁﬁaé‘;g? ]tglaB mgfepgm (fellsispegifig for E‘iar\‘é%anfl%ﬁnst"ﬁ}éﬁ t reat ment
of T cell rel ?ﬁeﬁﬂ)d@ﬂﬁ@doﬂiﬂlﬂFBﬁe émﬁ&amus §pOGBSTor AR Entipeh BPREerdsPLenkRBG NE
preparatlon general ly |nvo ve the isolation of _antigen-specific cells as

descri bed abovemppeiipmhpring ¥ umplsernsing Tsellsobtaited fiom 2 patienigvith sk whi ch
N h T
al lows the ex Q%%h%?a Qe rivaliGe MERYE: gélf:cfﬁgg Ieée %ﬁ@g@g?ﬁ%ﬁt@%‘c g&?{é sfﬁx@%F Fxfoi'ec

cells. [0027] invention I nter vacci nes
and phar naceutfirst alarkezoseteotsi fioorithe gtonpmrmshng dﬁD@eﬁD&p@BN iGD3p apd| | s

sol ated usi gt i5e TR0 S: b e bAMER' R0 kOB odliSo Bt ARG, the

i nvention are al'so use ara Zin ors thelr
encodi ng nucl @FNg,ANRs ILBRLEE ahiEBCH. PTI ON CF THE DRAW NGS [0029] Figure 1

denonstrat es FA entjfic on of, cells e n 9. and FN (top)
o Co66 ang D) ThE Petbgs Sheheuion Segatin By Gt for oo guole

stimul ation (11&il&}vmcﬁfplagrarﬁklmie@hm@gbn&ulg&faﬁﬁﬁjﬁm@sal&ase‘a9 of IVBP (m ddl e)
and after stinulation th resjdues 83-99 of MBP (right). [003Q] Figure 2

denonstrates EH2d] T‘B@WFW@%%&"P‘“O‘H"%F% als9 Rerpit Sherdiagnagis efmidoimeume dissgse (¢ op)

d CD69 and | at
2" a FenrUARY 2000 * B S0 BBoH Rl HEBHLF salh e e Empdey Bl 211 O

stinmul ati on wittehtmesptsifontbe digRs®9 of MBP (middle), and after stinulation wth

residues 83- 9?0&%] ‘Yﬁ’? mg{hkgi]tgf')the {belbir B HowRL Er-gbgé}tion of autologous T cell

vaccines for the treatment of T cell related avtoimmune diseases.

{0026] The methods for vaccine preparation generally involve the isolation of
antigen-specific T cells as described above optionally followed by subsequent
culturing steps which allows the expansion of the population of isolated antigen-
specific T cells.

[0027] The invention inter alia is also directed to T cell vaccines and pharmaceutical
compositions comprising antigen-specific T cells isolated using the methods of the
invention.

[0028] The methods of the invention are also useful for characterizipg T cell receptors

and their encoding nucleic acids.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Figure 1 demonstrates FACS identification of cells expressing CD69 and yIFN
(top) and CD69 and TNFo. (bottom) in a multiple sclerosis patient before stimulation
(left), after stimulation with residues 83-99 of MBP (middle), and after stimulation
with residues 83-99 of MBP (right).

[0030] Figure 2 demonstrates FACS identification of cells expressing CD69 and yIFN
(top) and CD69 and TNFa. (bottom) in a healthy control patient before stimulation
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1. Definitions [0031] To aid in the understandl ng of the gresent I nvention,
several terms are defined below [0032] "Autoantigen" 8FEBREARYZW gen" as
used herei W@a90d/08507¢ an anti gen or epitope which is nat POEUSY03/M54anmral
which is imunogenic in said mammal di sease is conserved in that species of
mamal and whi Géf)Eer BemalaNG Widtesiduds?8-00 3k NARERASAS), ok affe bighwiRe. [ 0033]
"CD," "cluster of di fferentlatlon or "common determ nant” as used herein,
refers to cel | Wilyresidaes $309%dYIBE Wghogni zed by anti bodi es. Expression of
sonme CDs is specific for cells of a particular |ineage or maturational
pat hway, and the expression of pEhenE)pESERIPEFONDI ng to the state of
activation, position, or differentiation of the sanme cells. [0034] "Derived
from' or "a def. mﬁhmng hereof ,” in the context of nucleotide sequences
means that the ot.i de_sequenc ot limted.to the s eC|f|c sequence
descri bed, but [Oﬁgﬁ ﬂ@%‘égqg’ ﬂﬁﬂg&ﬁ@ |pFFS"?qﬁéH"e§‘e‘ﬁ'u%ﬁ’fE@l Rt 4R deledi ncl ude
nucl eoti de adghigwons, deletions, substitutions, or nodifications to t he
extent that the varj ations to the descri bed sequence retajn the ability to
hybri di ze undet003)ddyuqaatigrn” QF oislfyrntigent’ asnped hergig sefetsite AR 2ntigen Aeepilepfp| enent
of the descri bafich RAUEHCH thd Aol WRBH RthmBhogoE Rl kilPmafmAPAASH] de
sequences, "derived fronl or "a derivative thereof' neans that the peptide
or pol ypept i decanserpshin|thagneeigs pmma@émmhcnayéqm@daeﬂ@m@egbnetm al so
i ncl udes var| a f Qimiddnd hat sequence, which may include am no acid
addi tions, et ons, substitutions, or nodifications to the extent that
the variati ons[ODBB]t‘fCﬁ) P i‘slhster ofsld"f,ﬁmuetmnf’et ‘“Gommdnaleipininanty as mseé[hencmt an

i mmune response.to, th enc en used
to describe a ‘5‘8’5% §8ﬁ8ﬁ% H}?’%ggl[e§9gggl%§ﬁ%a‘£t}%g§%pep %g%%lo d V\{]I de is
able to i nducespeaﬁc fioricells sfagnadivalar hﬁaagémrmaTumﬁaddal pmwx/@t, emﬂthe exﬁredmdy, or
bot h. [0036] e rel ated.di s .a_di sease | whi i mune
systemis inv YaVi‘ef frgo g}é@r?gaé?é? ‘FVEPH% paFiien, op di reé'ﬂ?)%"é’tot}

I mrune-r el at edgadieBRS €S are aut oi nmune di seases. Autoi nmune di seases

include, but are not limted tg, rheumatoid arthritis, nyasthenia gravis,
nul tiple sclert9834’ I}S’%‘?q f&%‘Psm @ylerivative thergptysin the eontexpefigudleotidn7 WO

2004/ 015070 PCE%&&?%&Q%&B@ thate nucleotide sequence is not limited to the specific sequence

described, but also includes variations in that sequence, which may include nucleotide

additions, deletions, substitutions, or modifications to the extent that the variations to
the described sequence retain the ability to hybridize under moderate or highly
stringent conditions to the complement of the described sequence. In the context of
peptide or pelypeptide sequences, “derived from” or “a derivative thereof” means that
the peptide or polypeptide is not limited to the specific sequence described, but also
includes variations in that sequence, which may include amino acid additions,
deletions, substitutions, or modiﬁqations to the extent that the variations in the listed
sequence retain the ability to elicit an immune response to the described sequence.
{0035] "Immunogenic," when used to describe a peptide or polypeptide, means the
peptide or polypeptide is able to induce an immune response, either T cell mediated,
antibody, or both.

[0036] "Immune-related disease" means a disease in which the immune system is
involved in the pathogenesis of the disease. A subset of immune-related diseases’ are
autoimmune diseases. Autoimmune diseases include, but are not limited to,

theumatoid arthritis, myasthenia gravis, multiple sclerosis, psoriasis, systemic lupus
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eryt hemat osus, autoi mune thyroiditis (Hashinoto' s thyroidit ig& G aves'
di sease, inflammatory bowel disease, autoi nmune uveor e} FFRRY ,‘“007

pol ynyosi t V0 2eM@1¥ER t ai n  types of diabetes. In view of PEBHUSRE3/024648

di scl osure, one skilled in the art can readily perceive other autoi mune

di seases tr eat ebinembtpsisharntcipmRas tyrsadits GuahifRid aHFroRtis), Cravddr B&a8

I nvention. [00371 "PCR' neans the pql ynerase chain reacti.on, for_éxarrpl e, as
general |y destlapggtony,beyel dispase, aujgimmunesyygorshimitis, pelyinygsitisy apd ogstain 987 ¢ o

Ml 1is), whi Chtybés of diMbeIeR B HeH b AR fRésBntAsclobiirs dRB SBille athd &t b A48 T i cation
techni que wherein sel ected, oliggnucleotides, or priners, may_ be hybridi zed

to nucl ei c aci Perecivgntbar autojpmunediseases aatelle b tha corapasitions and mefhodspsithe (such
as a DNA or RNfepaliEiiase) and nucleotide triphosphates, whereby extension
products may be fornmed fromthe priners. These products may then be

denat ured and 834 "RER anephsithe polymerasaghainirengtion, dorexpmpler dsencadihl i fi es t he

nunber and anp -0f: . €31 St n ' | ' Lk e their
subsequent detg%%?%g.ﬁﬁ's\j??{l)g? yﬂﬁf@%@@égﬁ‘ﬁﬁﬁg@mw&%whﬁ% he art and
may be used i nincapomttiherinbyt tefetdnee. KICRAE aisamplifivetie@ tachnje 3ditretn seleefetli de” or
"pol ypeptide" is a linked sequence qf .am.no acids .and,my.he . natural,
ssntﬁgt !Oc, or AEABYGIPqUASS: CHRTIBYS: TR eﬂﬁ%“gﬁedg? mCAgie, pafl te&ﬁ&aqgﬂ}ﬂgﬁet ic. [00391
"Primer” nmeanspigendd bfptilghabficheageitifich as a DNALGTHNA pylpinbabké)and or a

nodi fication thereof, _cgpagle (p)}{h acting as a poaint %ffi niéia{nictgn of _
nucl eoti de synBYfdeotide triphespnates Mhproby eigRsionRFAdGLs may be farmed fromdhe, ¢ eot i de
sequence on a h@Kek A HRsd b Bay théDBARAat] akPusedBaRfpRfes M b GRIHE| eot i de,

whet her natural, synthetic, or a nodifjcation thereof, capabl é of
specifically b¥%€fl%dh4témﬁl_’§%ﬁ¢qwﬂﬂ‘}ﬁ%\‘m @ﬁéﬁ?‘é&‘}“c? &othighemae quence.
[00411 " T cell faeﬁﬁat@&xleﬂs&kséﬁéﬁﬁaeeﬁ@ﬂam SERER t@hhRuEhréRncvd WY drt OF T

cells recognizing self-antigens. [9042] “Treatnment” ‘or "treating," when
referring to pawstmerbesedin epnneghiomuith thedisclasurelhereinse, means preventi ng,

suppressing, r SR PG 101 . G g Yis £ty i . dj venting
t he disease i n@@?@eé gegyr%d%i%rt g%%hgé clsc')fgr%)om ?%ﬁﬂ%fotft énogdrcgtgg’ﬁ ma égent I on
to an ani mal pnataeal, syntiatis,cdr aghodifivation sreambinattupgfmetisil agd syméretic.sease i nvol ves

admi ni stering mosi t,j on of the present .ipnventi t n ani nal after

i nduction of Wéﬂgﬁ’g‘% Ehasiing a%%ﬁ%opgd?oﬁlﬁe’c‘y}}e ercléafmrggfﬁglgqegﬁ’co 2 Repressing the
di sease i nvol vasdifiastivhnhaéd] dapghl@ofatipgaiatgobm obinitiatien pf meiotidd syuthedié on to an
ani mal - after Clstlfgcl:igr?fiy co%%{%(xar%rn&pyct% aqsfpect cenugiegt?d%ssgc'mence on a template molecule.

[0040] "Probe” means an oligonucleotide, whether natural, synthetic, or a

feile)

modification thereof, capable of specifically binding to a sufficiently complementary
nucleotide sequence.

[0041] "T cell mediated disease” means a disease arising as a result of T cells
recognizing self-antigens. |

[0042] "Treatment" or "treating," when refen-ing to prdtection of an animal from a
disease, means preventing, suppressing, repressing, or completely eliminating the
disease. Preventing the disease involves administering a composition of the present
invention to an animal prior to onset 6f the disea;se. Suppressing the disease involves
administering a composition of the present invention to an animal after induction of
the disease but before its clinical appearance. Repressing the disease involves
administering a composition of the present invention to an animal after clinical

appearance of the disease.



-9 S FEBRUARY 2007 WD 2004/ 015070 PCT[ US2003/ 024548 2. |sol ati on of
Antigen-Specific T Cells a. Isolation of Mnoclonal Ant§JERBBRCINTc T Cells
[0043] T ca0 20048150 acti vated and expanded in cell cul tREEUBNOIPIBSat i on
with an antigen target and antigen presenting cells. Once activated, T

cel | s undergo 2 dsiytienxof AmtigemSpedific T@ells Si gnal i ng which | eads to the
transcription and expressi on n e r oduc, The i nvention described
herei n takes advant®g soga?lo é’ﬁﬁﬁ&%"c‘%’@ﬁ‘é‘&? °*%§Ps activated T cells for
t he identifical0i0dd] Bocllsinsylbatactivatedfand expahded imcdlhcultersibydncubatiangeith an
specificity. [0044].1n a first aspect h resent .i.nvention is directed to
a nmethod for i%‘g\gg Pﬁ%eta“‘{laﬂ“%*‘éﬂ?‘e CRURE Gells- Onee. aqtivated, ceiﬁ“ ‘ﬁ‘f@gﬁe‘i{’“&ﬁe"

i nterest. wﬁ\ Sﬁmbﬂewwﬁi@m@ Wwhick lehds t?ﬂ:eitfhﬁ : }‘i&dandvhix fbsﬁoxpwmdﬁ@lg’eﬁ

anti gen, ich cquses_ the activatjon of, a T ce specific for the, antigen
of interest. T %‘“{Woﬂélef‘ﬁ’i’@ﬂgléﬁ‘eéﬂmﬁsﬁﬁwf eéﬁt‘o’? J“BTSSRG"E%" 7 days.
The sanpl e najoraétiateler deN§ 1R aleqGentitibdtioh Bl ROLESHEST TF s Whi Aedilddantigeday. The
sanple may also be incubated with the antigen for | ess than 16 hours. The
sanpl e may al sﬁPGB’@Cl_tY-ncubat ed with the antigen for |less than 12 hours. The
sanpl e may al sgolg GG tﬂéﬂﬁ&fﬁﬁgﬁveﬁﬁﬁd igeﬂec]ttéoapo lhmadn@ﬂs&amﬁ- The

sanpl e may al so be incubated w tT _antigen ess than 4 hours. The
sanpl e may al seelbibatiinspebific &t anjantigen (96 indgrest. desaniply compaiging ThgHs B rpybated [ 0045]

A T cell speci{is. for. th | ' . t y ed by
sel ecting forI"EIIE33%361?ﬁ?t%&ed>%g@%&lg;%%%ﬁe]g%&%%@faof&ﬁ %gcll ‘gfbgc “ivated as
descri bed aboventigBubfintesest. Ghe samiplemuebe ificubated svitiwtire digers for dtted diys. Tl ect i ng

for T cells with subset.-speci fi e roducts or cell rface markers
(e.g., CO4 ve. Sl may g B tngubated fyith oo e oy es it Tty JHE SRRy, pae
protein (MBP), alsé b Bxohbapeddviththe©irigen foPlesY thary@hdus. The gmejdarthap algéd be

gl ycoprotein ( , or..a fragnent there The anti.gen of interest may al so
be an im‘runodo*l\f/\gﬁ%ﬁ‘ﬁd‘f'%h}gljﬁ’é? g ?%Ilﬁﬂﬁ'ﬁﬁ?éBW'%FsaWRI%WEGIS?h?mF'é@i es 83-99
or residue 151witfeheQintipdaHor iIEEEha ¥ hahey) ThE sanipleh£pilsdHyinciitaed wifd the

conbi nati on of two ?qrr nore individual antigens_of interest. [0047] The

antigen or a dartiggmiqriess thaafogrrs. Thesampls meyalso be ncpbatediwitlpthe antigep fofe any

i mmunogen whi cligd hagfRaREe of eliciting an immne response to the antigen of

interest. The activati nﬂ antigen may_ be the antigen of interest, or a
derivative t hef0945) AT cell specific for the antigen of interest may then be isolated by selecting

for T cells that express gene products of T cells activated as described above, Subsets

of activated T cells may be isolated by selecting for T cells with subset-specific gene
products or cell surface markers (e.g., CD4 vs. CD8).

[0046] The antigen of interest includes myelin basic protein (MBP), proteolipid
protein (PLP), myelin oligodendrocyte glycoprotein (MOG), or a fragment thereof.
The antigen of interest may also be an immunodominant fragment including, but not
limited to, residues 83-99 or residue 151-170 of MBP. The antigen of interest may
also be a combination of two or more individual antigens of interest.

[0047] The antigen or a derivative thereof, used to activate the T cells may be any
immunogen which is capable of eliciting an immune response to the antigen of
interest. The activating antigen may be the antigen of interest, or a derivative thereof,
The activatipg antigen may be MBP, PLP, MOG, or a fragment and/or derivative
thereof. The activating antigen may also be an immunodominant fragment includiﬁg,
but not limited to, residues 83-99 or residue 151-170 of MBP, or a fragment and/or

derivative thereof. The activating antigen may also be a combination of two or more
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The activating antigen may be MBP, PLP, MOG or a fragnent and/or derivative
thereof. The activating antigen may also be an i munoddhfHERHARY Hfent

i ncl udi ng, wan2004/015070 i M ted to, residues 83-99 or resi ducPQBUS2TI24848VBP, or
a fragment and/or derivative thereof. The activating antigen may also be a

conbi nati on of in&i¢RiuSlaciPiiig adithefs. TRERHOMOg2alden ¥y AU SRS tbre times
PCT/ US2003/ 024548 i ndi vi dual activati ng antigens. The activating antigen may

be used one ortopgiivdte T rells specificfer anaptigenofinterest. specific for an antigen of
i nterest. [OOZ@MSTW%E‘ &l hﬁY ﬁ@yre&ﬂt B Gy 14 &m@%ﬁ%ﬁu&amné

nononucl ear be i5sol at ed fromt eri pheral bl ood or
cerebral spi nafamplegnay bﬁfls@lﬂewgom pesipberd blaod enrarthealspine 1ad Of M8 of a RA

patient. T cel It

simlarly isol aat%e%} ??g%aﬂﬁée%% era @Bﬁ}ﬁg% 'PL‘% | ss?mg;J I'nvo Vé‘%YWI th the
di sease. Mononamdimamne distasesragy H:eesm@rlyamed frort herirﬂmmbbbodbwd/mrs:lsmgs
centrifugation._techni qugs .,known.to th art n

T ted Co. CFPRET Y BF iR MhohiRiF it s e B el B il P < he: sanpl e
by using posi tusitg ceﬁﬁh@ahommcmmgaknm tsﬂioee:inlthmart mblumngwﬁbnaahmmd té,her eof
for expression_.of en cel The gen roduct for

i denti fying orfl ‘@@Z j g%‘ﬁfémﬁlj gB i‘?‘?’\?& lecléﬂs gﬂ?ﬁ‘g"‘be a cell
surface markerseRictién, h@éﬁhﬂ@sel&ho@ of @ Bsthbladtiof thekrddE ft @kpre$siinl of Seiid F6ductsTRI Ker s
for identifying activated T cells include, but are not limted to, CD69,

cp4, cp8, co2% Teqlla DR CD28, and CD134. CD69 is an early activation marker
found on B ang o@]'vfﬁge&&pfsaﬁtfomeﬁ oeﬁ&awaywla Bg?o?ac@?eﬁwenan IL-2

receptor and is rker  for activated T cel and Is a TCR
cor ecept or andmaisbmq?ﬂ]eﬁurfﬂ@rmarkﬂpmﬁlése OWWWWH@W%&eﬂ stefhdes

nmonocyt es, r rker for

ronocyY o5 ARGk RRIAYRN Rk A6 el R SRUREBAEY 20l TR K

[ 0050] Cell su@D&@ZﬁaH&e\rERf GDZ&@gdiCD\IM }Cnﬁéllwaarlg aémtlammmkat @dndl' cell's

i ncl ude, but act

stinmulatory T-¢ ﬁ erﬂa’f:ﬁoh pa‘feﬁufp‘;’g th ani?zg ?alfﬁ‘e ﬁe-c ?é%ept or

pat hway and |Sammemsmmvmd T@%mnalﬁtbemmqeh ITER dok¥septosand 1maikmame

gl ycoprotein | for eI ets S an ndot hel i al

Ol T o G0 Himpese SHErf g Sy F ol n Bl asramageh s E08I | o Coua

i's a marker fOTCRUskapReRE samke? 8@y toRRRAPESNs CDI3 ik xpré3sdtSailSin :
activated CD4" T cells.

[0050] Cell surface markers for negatively selecting for activated T cells include, but
are not limited to, CD36, CD40, and CD44. CD28 acts as a stimulatory T-cell
activation pathway independent of the T-cell receptor pathway and is expressed on
CD4" and CD8" cells. CD36 is a membrane glycoprotein and is a marker for platelets,
monocytes and endothelial cells. CD40 is a marker for B cells, macrophages and
dendritic cells. CD44 is a marker for macrophages and other phagocytic cells. Subsets
of T cells may be isolated by using positive selection, negative selection, or a
combination thereof for expression of cell surface gene products of helper T cells or
cytotoxic T cells (e.g., CD4 vs. CDS).

[0051] Cytokines for identifying activated T cells of the present invention include, but
are not limited to cytokines produced by Ty1-type T cells (cell-mediated response)
and Ty2-type T cells (antibody response). Cytokines for identifying activated Tyl-
type T cells include, but are not limited to, IL-2, gamma interferon (yYIFN) and tissue
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of T cells may be isolated by using positive selection, negative sel ection,
or a conbination thereof for expression of cell surfac%FE&l‘éAlbYHMcts of

hel per T ca¥VP30u401503%t otoxic T cells (e.g., CD4 vs. CD8).PCDWS2903/0345¢Ki nes
for identifying activated T cells of the present invention include, but are

osponse)  and B AAAE A EED RS ol MBRTE B A Rp e oo o

i denti fyi ng adhélude, bt nbtHimited/toell 4, dB45| H.-10axiddtid 3. Sultsetap£T weils thayndldocdsd t O,

IL-2, gamma interferon. .. an issue . -11.8 . .FEBRUARY, 2007 .. \WO 2004/ 015070
PCT/ US2003/ 02838e% ‘?%rgﬁs%%‘é’gt‘%?" 81"&%%*‘“(’?&??1%3‘1."“’&tac?fé‘."ﬁ’é‘g“?“otP"fF Atifying
activat ed TH2-dxpieesidn efeliokineigtnd productstofhelpertT dellsrvi @dotbxic TlceHsle.gl, kN | L- 10
and IL-13. Subsets of T cells may also be isolated by using positive

sel ecti on, neg‘f&tﬁl\‘?‘é sel ection, or a conbination thereof for expression of

cyt oki ne gene égbﬁi%%a%ﬁﬁeftem e T cBIEbPesifie for@M bR g Iof inter6® la§ bé Rofited Y! FN
vs. 1L4). [00521 An activated 1 1-type T cell specific for an antigen of

i nterest nay b idendifringerlls Bhat pxpaess CDPP D4 1025, HhatIFNypINEe, @@B69, CD4, CD25,

IL-2, I'FNy, TNFa..ot. C L hatd on : ivated,.THL-.t T cell
specific for a‘iﬁ’"ﬁ’?ﬂala&rgtrl?ergg Flb‘ar‘\? %&%’%ﬁd &ﬁhlggyggltrsc 8 gpggﬁgg?%tne tl%eﬁl qf%}énr? ki yi ng
_(I:_a!zlts tha'EI_ ex Pf;@sas&m&ﬂa?dibﬁaénﬁfy‘ggbﬁanhm;ﬁ?ssm? and Cngﬁagqt}ﬁnrva?t ijvzgt ed
-type T cell specific for, an i gen, of interest may be. isala y
dent 1 Fyi ng' coNEoF ThiFocAp A Bbelat sharesl speckic (b angmopen oltopti oy beor o
conbi nation t hgsiged by NemEyp Rald 84t eRpreRTIFOGL CRAIRD TILS, fi-10/06-13, 3@l | and a
TH2-type T cell specific for an antigen of interest may be isolated by

i dent i fyi ng cetombinatign thesegf. dseombimation ofamactivategslulrtypeT c¢liagd a TeRetupe br 3

conbi nation t i ¥r Sifddtigerd OGhtereithdy AR SsdltiPoy idtMifyihk célis that expredsL- 10,
IL-13, or a congi%ﬁ%tlonr%ﬁer %%%?86"531 TheS gene yplr ocﬂ%lt%cus?ed F’Cg)p}re Sositive
or negative seCR69,iCh, 6D26HE -2 Ny XN, or a cahbisatioh thenepfpndeadlathat nvent i on may

be identified by i [ [ S _known t.o t.hose in the art which
utilize anti bo“d‘%&%%%ﬁ‘ﬁ@f‘""g@fiﬁg{w’lIﬂ?ﬁt &P ‘fogltlgnma}nf’ﬁhﬂ%e??ence acti vat ed
?:el I sorlti ng (ﬁ@mempbdwtmbd fl?spdsitivagrneﬁgaﬁvé s&gbcti@fmfltllne:ivtiﬁﬁed'ggraphy.
munosel ection _of _two or pore, markers, on_ agtiyvate cells ma e
performed in off8s of thipresent fuypation may b identifl ys‘F‘é‘BmB%?I‘?CP?Q/@FV“#S negatively

selects for ogRwaRo OSSN dEwhich WHER ahtiBBaRe §R1vaRlg Bl n6f lihiéd t§) nor e

markers is perforned in, one step,usin% FACS, the two or nmgre different
anti bodi es n»ayﬂmescence activated cell sorting (FACS), magnetic cell sorting, panning, and

chromatography. Immunoselection of two or more markers on activated T cells rﬁay
be performed in one or more steps, wherein each step positively or negatively selects
for one or more markers. When immunoselection of two or more markers is
performed in one step usiﬁg FACS, the two or more different anﬁ{)odies may be
labeled with different fluorophores.
[0054) Magnetic cell sorting may be performed using super-pararﬁagnetic microbeéds
composed of iron oxide and a polysaccharide coat. Preferably the microbeads may be
. approximately 50 nanometers in diameter, and have a volume about one-millionth that
of a typical mammalian cell. The microbeads are preferably small enough to remain in
colloidal suspension, which permits rapid, efficient binding to cell surface antigens.
The microbeads preferably do not interfere with flow cytometry, are biodegradable,
and have negligible effects on cellular functions. The antibody coupling to the
microbeads may be direct or indirect, via a second antibody to a ligand such as

fluorescein.
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| abel ed with different fluorophores. (00541 Magnetic cell sorting nay be
per f ormed usi ng super-paramagneti c m crobeads conposed38EBRVARYEWde and a
pol ysacchaMY@ 081070 pr ef er abl y the microbeads may be apBE€BWS2A8/62454850
nanoneters in dianmeter, and have a vol unme about one-mllionth that of a

typical manmmal loasslcmelanuﬁcmwiay%@eﬁgkés&@Igmg&r | ¥ndSIgB| &r fRIGAAR o O remai n

in colloidal suspension, whi permts rgi) cient _binding to cell

surface anti ge@@vat“’l’ﬁﬂ’e?ﬁoér%@%lﬂ%mf% Eaby w@mﬁee@%#&@@%% pdies, | ow
cytonetry, ar em@;seeﬂﬁ%es&bésemmnmamﬁsoa&%a ae@aﬁve%ftﬁ&edfs m&r afktfbolty!| ar

functions. The anti body coug ing to the mcrobeads may be direct or
i ndirect, via magbcumgneniera @@IPO@SG pely¢lpapd aretibedys ffinity Pﬂnﬁ@# wdibedyaor - 12 8

FEBRUARY 2007 4 may be

of ol asses | ocygey pish WRAPRRHL St (et el A0 of il R

t her eof , i ncl upkodwgt mgﬁcﬁqmﬁy@ed Fdsllsporch ssquegtesdecived therafroinb dlie emtibody abodi es,

bi speci f I c ant] bOdlI E8s 2 B unc pg)b anti bodi es and derivatives thereof. The
o]

anti body nmay B8 §5honde dy, polyclonal antibody, affinity
purified anti b[e856] Tire anﬁbodyum@»sbetdaﬁvméd Wthehttaehlhéxhiof enesarfriiare clemdicdhi ndi ng

ficity t t f dyc d T cell
of 5 sequence BRI BHbEREwERs BftEdmolnat 6 by MRt dlow be bmaRGhey frder ¢ °'' S
anti body. 1005&)ectibeoftit hdivgigd Myl bewhich the ahtiboag ishsuhd) Thakittobyeay bef one or

nore chem cal, peptlde or pplglpe ptide noieties known in the _art that allow
the identificatqrihgaishayitya chemicabmpisty sagh asiadlugresseptdvecAt agtisieiediieelini ch t he

anti body is boy&ifd by Qelua&kéeaayim@leaarhﬁodycﬁﬁy Mﬁ@&l@c@d wlﬁ eamﬁéh%mxfeﬁahmgm ety

such as a fluorescent An activated T bound fluorescently
E@\tps

| abel ed ant i bobMt el fnozgseence a¢tivated e@rﬁertqwgéEACﬁ); rfbel Pxﬁgvody pay alsot
limted to, fl U@Edﬁ@@%&%ﬁgxﬁé&%@@pﬁ@lé su°c9 EbB&aﬁxEﬁl@@ mlc;ﬂ?&angmnet y may

al so be conjugate etic particle,” such as a para
m crobead (M | Bitegi GemBiapy)e &n aCivatadribygell bapnddests mmﬁcaﬂyé&eledboubvdy b}&)'a

magnetically | + U4S] gﬁlh“lQ i ncl udi ng,
but not lim tegbb%gtg(rlrgég]%%{ém%ﬁ?#csor Tﬁgm{'m%&%&%&g&ce ?gﬁ%ce expressed
gene p(rj o](czluct S, l[ﬂlOﬁ'lj ]?:mbflbadfacerwyprehse:mné prfoduqtn;itltecanﬁlhndy ggq{tﬁreqzﬂ}ddmtto thmdd {mly
e used for cell selecti ur uct s ressed at | ow
concentrati ons8 WBY@P&WE&‘:‘% OWCB ‘FaPé’g %’é&ﬁ%?“\"g’f’ﬁ?en@t %ffg Nat ure Med
6:107-110, 200%@9@&&@ 10wB Esheértfati6] nagRtofiabrestdnt 1osdny (BeetbE, afal

Nature Med 6:107-110, 2000) may be used for cell selection. At low levels of

expression, conventional fluorescently labeled antibodies may not be sensitive enough

to detect the presence of the cell surface expressed gene product Fluorophore-
containing liposomes may be conjugated to antibodies with the specificity of i mterest
thereby allowing detection of the cell surface expressed gene product.

[0058] For intracellular gene products, such as cytokines, the antibody may be used
after permeabilizing the cells. Alternatively, to avoid killing the cells by |
permeabilization, the intracellular gene product if it is ultimately secreted from the
cell may be detected as it is secreted through the cell membrane using a “catch”
antibody on the cell surface. The catch antibody may be a double antibody that is
specific for two different antigens: (i) the secreted gene product of interest and (ii) a
cell surface protein. The cell surface protein may be any surface marker present on T
cells, in particular, or lymphocytes, in general, (e.g., CD45). The catch antibody may
first bind to the cell surface protein and then bind to the intracellular gene product of

interest as it is secreted through the membrane, thereby retaining the gene product on
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expression, conventional fluorescently |abeled antibodies na% not be
sensitive enough to detect the presence of the cell sufFEBRUARpZ¥Ysed gene
product. FIWMOROEHAISEO cont ai ning |iposones may be conj ugaP€d/iS2003/02458®di es
with the specificity of interest, thereby allow ng detection of the cell

f t : h
surface, exPresRsof RS QNG whMRSPRERL oy GpRlA pIBIR AL Bt o, ouC
Al ternatively, bc Dseé\t@bldqu the palglrehgeﬂeemdsctb\yhlclpdimatm seleztion ofthe t he
intracel | ul ar 8&%@11 M[ «%11 ProcUvd, H@éde#%/ §§,?T%rﬁ§’ﬂ 1f9F29”i§9§e cel | may

be detected as | |s sec rough t e cé ane usihg "catch
anti body on thmcombtatasllhefmbyrefdnmcchtch antl body may be a doubl e anti body

h ' d
of i nt o eat - antp P Gt Rty ot i iles St B3R kb R SESH B ARAR T Ty

be any surf ace th¥relk eurf4ee.de Btanle, mﬁmsplayddrhtaacrvtccﬁwémfatxmobnthywhocyt es, in
general, (e.g., CD45). The catch anti body mai/ first bind to the cell
surface prot ei furfasewith &imeHiesmilas to fhosq ‘?ft“r‘té?é@ wlas YN epprrssipp éﬁﬁﬁ%‘%m%ﬂlef, i nt er est

as it is secre m@iflg roduct
on -13 8 FEBRU R%%%O’? g 8 g?%@%%ﬁﬁ%%o@%‘%@?%ﬁ ra%sgrface A
| abel ed ant i bodsll syt t@lweﬂﬁnnatﬂh@r@amﬂuﬂ@dlegen@ogles)dtﬂltormretmwnume used to
nctivated T ool PSPl B8P o B Wt huec Ml BP A RIGT bl Cn B8 B e}

1995, i ncor pottmtagtdvitl eecs’gmizbgthcretécdmelnwet))r dete6b®indGeletingextracalislanindc yt ol dnes
are al so foundf‘ngmgﬁlg%?ed eatm4uc¥vsce\r/g: L ctlto cghs the cell surface. For
exanpl e, yl1FN 5%/%&) 3 PG he ?? 'on"on the cell surface with
ki netics siml QﬂO6DpThd1D86ilsd§olatmB}ahebﬂesdnamvgﬁulﬁhlnﬁy|bé emddhed by ﬂslszsﬂm her, et

The ool | sur i 40 whlr tood (1bndieefi b wesbssmighes puat e Brfolmupidleor o

| uor ophor e CORfoRiNHAA cellk RA$ ARG Be BRIEhEELY: Rdstio8%% Hﬁﬁ%blerwoddh@h@vt oki ne of
interest. One of ordinary skill in the art will recognize other techniques

for detecting aﬂb%%’I%@tﬁen@h’é@&ﬁé@é‘l519t§|°/afr°@r‘i‘dl°13lbrlﬂqdaceI | ul ar gene products
specific for activaj e(isr?TatQﬁM OCILQQQQJ“ I@gp&l&pj-b@mf sol ated by the present

i nvention may be enric | east 90% " from whol e blood. The T cells may

al so be enri chw6wmaasepw§ﬁpeys%erm@fﬁvwwmon is disested trad cpllspeaiic 983n al so be
enriched by at a{ﬁg@ﬁbf&%{e& {seme%gﬂﬂfe RARRCbs st hepdePoe e ﬁ@yen@inwmt}ﬁ i sol ated

at | east 99.5%trom whol e
c. Isolatlon of Polyclonal Antigen-Specific T Cells

[0062] In a third aspect, the present invention is directed to a method for isolating T
cells that are specific for one or more antigens of interest. A sample comprising T
cells is incubated with one or more antigens, which cause the activation of T ceils
specific for one or more antigens. T cells specific for one or more antigens may then
be isolated as in the first aspect of the present invention.

[0063] The T cells may have a heterogeneous pattern of VB-D-Jf3 gene usage that
express different TCRs which are each specific for an antigen of interest. The T cells
may also have a heterogeneous pattern of VB-DB-JB gene usage that express different
TCRs which are specific for more than one antigen of interest. As described below, T
cells comprising a heterogeneous pattern of VB-DB-JB gene usage may be used to
formulate a polyclonal T cell vaccine which may prevent epitope spreading in |

vaccinated patients.
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b. Isolated Monocl onal Antigen-Specific T Cells [0061] In a second aspect,
the present invention is directed to a T cell specific BEEBBHAR¥AP(gen of

i nterest i PAAIWI0t he nethod of the first aspect of thBCPUSHBH24548
invention. c. Isolation of Polyclonal Antigen-Specific T Cells 100621 In a
third aspect, the pj efgiy ?edfﬁiﬁﬂ&ﬂa@ﬂnﬁ?eﬂSé] Rfiicefchi @ method for isol ating T
cells that are s eC|f|c gens of interest. A sanple
conprising T 198¢4 slﬂlaiourﬂwméh?WQGWIBY?QH@FIS@P@GCHQW@élﬁspeclﬁﬁ‘lfmr@ause t he
activation of PH\Eth Elhﬂleaﬁ pecific
for one or mr%ngﬁ%%ghegﬁﬁp&%{de 1£(ﬁ£t%e |sgfn§¥ﬁgggg§lgl nt gecggrst %§e£ct of the
present i nventinwention00631 The T cells may have a heterogeneous pattern of
V(3-D(3-J[3 gene usage t hat express different TCRs which are each specific

for an antigengo h lﬁ@I.Iss Pave a het erogeneous
pattern of V(3 ene usage at ex ress P erent TCRs which are
specific for tlnarﬁ rﬂéP@htthegEWe@fm‘rentl@Tlédwctedstod@mﬁmdﬁdemlumg T cells

conprising a 2@ RARERRGBOPBE t B4R At B3 otk 8806 FAReITRY, D Used to

fornulate a p VaCCI rev ope spreading in
vacci nat ed pat saaxplﬁsby delemnﬁmrﬂ:_iﬁﬂmmérzbﬁvellsmlﬂﬂﬂmihqmﬂmdﬁﬂhélﬂ&@%/ 024548

d. Isolated Po | fic T Cells [0064] In a fourth aspect,
t he present |nt\ll/1}e4§1fa§)8%sf)s gf’%g tﬁﬁgﬁoﬁ cells specific for one or nore

antigens of interest isolated by the nethod of the third aspect of the
present i nverd.i DiagndsinQan AwtdimonmetDiseabdunber of Antigen-Specific T cells

00681 10 2 11 fohb ARG bl PSR LUERE PR Ml B0 Efinbt8 ™ot NOY of

det er mi ni ng ative frequen S eC| one or nore
anti gens of i ndissaesinay be élagmaedﬁiye)btnjrﬁngaa @mpleﬁmgaphﬂmnnamhsmlamfg T ceI S

| sol at ed by t he .met hod..of ., t.h aspects the

mventon. 4 BHAERLE RolaPYans bR foerL AR BB ofthe YR E hect o

Ei he pr esgn'lt3 i rrmwb itadinmuae @ﬁémsfemh¥Mﬂ1bgmmda1ﬁwmpmug&ht he té:vsleﬁaetofémytwbe‘ t T
i agnosed by o aLnln a sanpl e ent.a sol a aut or eacti ve
cells by the e?tﬁgagg‘?tg"tl '%‘Fq‘%va] %“%%eﬁ%tb‘iegdﬁ#sﬂ%tbﬁag@%?e Rventi on.
Thf aut OIt mmn_?_adébrﬂ%‘é%th&ﬁe REthed 3RO HRH aP¥ct©OHe prdstd itvagtidrevel of

aut oreactive

5. Monitoring the Progress of an Autoimmune Disease

[0067] In a seventh aspect of the present invention, an autoimmune disease may be
monitored by determining the frequency of autoreactive T cells in a sample from a
patient with an autoimmune disease in accordance with the fifth aspect of the present
invention. The severity of symptoms of the autoimmune disease may correlate with
the number of autoreactive T cells. In addition, an increase in the number of
autoreactive T cells in the sample may be used as an indication to apply treatments

intended to minimize the severity of the symptoms and/or treat the disease before the

symptoms appear.

6. Producing a Vaccine for the Treatment of an Autoimmune Disease

[0068] In an eighth aspect of the present invention, a composition may be produced
for treating an autoimmune disease by inactivating autoreactive T cells which have
been isolated (and optionally expanded in culture as described herein) by the method
of the first or third aspects of the present invention. The autoreactive T cells may be

inactivated using a number of techniques known to those in the art including, but not
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cells in a patient to a control. The | evel of autoreactive T cells may be
determined in accordance with the method of the fifth SEHRYAR 200he present
i nvent i on. W8 200A1S0TX i ng t he Progress of an Autoi mmune D BEHES20DD@EFS | n a
sevent h aspect of the present invention, an autoi nmune di sease may be

noni tored by d AL G . r I in a sanple
froma pati enﬁﬁl\;&\ﬁédtm éﬂggn%? %a%ﬁ%i?é& %gdéého@iu’?]ﬁé;?gog% 3§ﬁecgc§mﬁt%ayt%e fifth
aspect of the pesyedieithénbefmé omafter ibhativatancusingya rminbswmeahnmuen‘lgi)m t@ut oi Mmune

di sease may coprel.ate aut or | n addition,
an increase inﬁ?ﬁemﬁ%n%ﬁe&gu?mg’aupg&g &eﬂ/oec‘?’(’%rgﬁee?‘g P degcrgbr?%”%l °Wny be used
as an indi cat i the compesitipinymay eatsedastasvacdind te rddgiete hatorvactivei Zells e severity of
the synptons and/.or treat the di sease before the synptons appear. 6.

Produci ng a Vaﬁ‘g?’ﬂgm‘fnSPali“W ‘Treat ment of an Autoi mune Di sease [0068] In an
ei ghth aspect [Iﬁ)69]hﬁ1ewbﬁ?6ﬁﬁoﬂ MEYEBE 4 parmatetivaPIipobieion, Wclhﬁasfl_lﬁd)drfedvmf OL
treating an autoi nunune di |na,ct|vat|ng autgreactive, T cells iCc
have been |SOP'&E1%"(T LR ™S %&03 3‘?%&0 E‘EPPP??SEWHE"SH'@%W%%% her ei n)

by the method p@flidii®ald dlimicaPthedapdufies a&m?éaﬁn&i of difealy SMotdets /Y ON. The
aut oreactive Tpcel | s may be inactivated u5| ng a nunber of techni ques known

to those in thﬁmﬁ‘#qedbﬁé}%?wl?f&m swplopizg acceptsd griyxipey pfidiagnogisrand\ippatment/ 015070
PCTI US2003/ 024848 ﬂm%eqretﬁowﬁ%aﬁlana BRGH fxs@ié P1er mAsthitafe; The

autoreactive T cell preserved either after Inactivation

using a nunberalefedi déﬁnsquéﬁ’lnkmmfh@mﬂtlW&ﬁ@lﬂenlltthﬁdaMCwafh% ng, but not
| ted t b
imted to, ?! bt toefgé@?'oﬂ{é‘N‘?‘s( %Z%ﬂl&engﬁﬁtp?ﬁted 9@339&&5'1%@ ey be

used as a vacc epl'et & autoredctive 0|nnune patients.
[ 00691 The con;iwm&oeuncaﬂmqmmnanpharbnfadmmistemitoamwﬂwmmwl ch maybe

produced usi ng_net.hod I art. ar maceut conpositions
used as precl F’Wegex}cegkﬁﬁﬁgﬁcﬁﬁqgafcﬁ‘Eftﬁecoglptoflf:l%n Q‘r?nfln%l%mtc glgr%nt of di sease
or disorders npbanheceuﬁﬁabdmmpcdltb;amaly(bsaumins&kbihbnmaﬂmbtsyl ng accepted
principles of di agnos&s and treatment. Such principles are known in the
art, and are-set fortN2®HB% exanple, in Braunwald et al., eds., Harrison's
Principles of [0o7eyhalnidddspett)the plebér ifvelntionVe dlawivtd tdmpagitioh bfddﬁdfed byew Yor Kk,
N. Y. (1987), ich js i cor or at ed g ref erence, he ﬁ?l n. The 1% a{)naceutlcal
conposi ti on naifesetad At FPpg o %PQE?%VGWPC & figgpposttion tmay

vaccine, which may be used to deplete autoreactive T cells in autoimmune patients.

7. Treatment of an Autoimmune Disease

[0071} In a tenth aspect, an autoimmune disease may be treated in patients with
autoreactive T cells by administering a composition according to the ninth aspect of
the present invention. The composition may be a vaccine, which may lead to the
depletion of autoreactive T cells in the patient.

[0072] A vaccine may comprise autoreactive T cells comprising homogeneous
(“monoclonal™) or heterogeneous (“polyclonal”) patterns of VB-DB-~JB gene usage.
Clinical studies indicate that autoimmune patients receiving autologous monoclonal T
cell vaccination may show a gradual decline in the immunity against myelin-reactive
T cells. In some cases, the reappearing autoreactive T cells may originate from
different clonal populations, suggesting that myelin-reactive T cells may undergo
clonal shift or epitope spreading potentially associated with the ongoing disease
process. Clonal shift or epitope spreading may be a problem in autoimmune diseases

mediated by autoreactive T cells. A vaccine comprising polyclonal autoreactive T
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experience the beneficial effects of the conposition. Animals receiving the
phar maceuti cal conposition may be humans or ot her manmved EEBRUARYZZ8T ne [ 0070]
I n a ni nt hwaswe4015010he present invention is drawn to a cdqGiES200024p8oduced
by the nethod of the eighth aspect of the present invention. The
conposi ti on MayeReaMbleddshifhe MiksE d G rdaPriHePL8ls reactive T
cells in autoi ngrmna plgto?gﬁ# S. g7 T@eggﬁar?gg%#ﬁaﬁ”mtoi mmngn%%gelgse [00711
In a tenth asppwoblemawituelopahshifher epitopespeeading. be treated in patients with
autoreactive T |5 b ' gg [ Lion.: Nell .Lhe, ninth
aspect of the[og'r%e‘srgﬁtc\éfr%\g%ﬁ %‘%\ﬁéﬁg co&ng‘g%?ﬁognr?%%géﬁg@ﬁ%{ I\Q/g%réj%ﬁskre%i ch
may | ead to t hbeyamyapdams itanachieve thetrristemied papdsecEdrlesample { ddenigistrationtmay[ 00721 A

vacci ne nay co i se autoreactive T cells ¢ risin onngeneous

("monocl onal ") g‘l(%y Wé?’g% %‘%8%%%"0(‘3’5’8{ V?;’fOBﬁé’f%g?ﬂ%‘é?lll’t’%}aﬁgmba?’ 19‘??“5?*‘13’[’ 3 gene
usagF. cini caﬂtrlaﬁérixi@hl 'e@ﬁﬁhrmldfml,eraﬁdiﬂicp@uﬁxﬁiaaéfbb&@lh ,mhﬂaedsﬁé,&nlrecei ?/I ng )
aut ol ogous nonocl ona ce acci.nati on ma ow a .gradual decline in the
i munity agai ng‘FaYﬁPET‘i“ﬁ-‘ F‘E’é"_(,st @‘%Sma?v % OF %qn_c‘r%@wgm&%@wmm@ P &H}S’eari ng
autoreactive TofaPloufe. TR/ plafhabedidabednigebitionbirhdye@dnitteddpard@pdiiaby ons,
suggesting that nyelin-reactive el s may undergo clonal shift or epitope

T C
spreadi ng pot eh?lPSamleyﬁ%%‘&di%ﬁdéﬂlﬁﬁfPﬁoﬁﬁ‘@ §oi ng disease process. C onal
shift or epitopgrgPriRatbsie aﬁﬁ%ﬁ@&e@m@@@&é%&eﬁhﬁ{éﬁ%é’g@,%x, calfags nediated

by autoreactive T cells. A vaccine conprising polyclonal autoreactive T -16
S FEBRUARY 200veighofzowripiesh kind pfronomyan Beaypan.4ig awe feguengy abircatragt,depl et i ng

mul tipl e popul gt ks é)a{cgnilgi AR eFe t h cl onal
shift or epi to%ﬁed tgglriaetgEc iozgﬁ%%%%%l%gh@wg%%ép%g t?%rﬁl\{nay E{ra phar r?aceut i cal
conposi tion, wpharhadesticed nompasitonethay by/large gnonghhe profure theddswedeffdeti r i nt ended
pur pose. For ex | adm ni strat i e t C neous,

I ntravenous, | Wﬁ?r%‘é’?{f %rregg l,r)lle’l %‘ﬁoﬁ%%g{r)eng? %ﬁsia%tdre‘g%uteg%{ﬁﬁlgerag&gﬁim?‘gg%‘%'él;@oneal ,
transder mal , t sspacoltepadsentiintentias issHohiated, andtthedutdmatune disedsais avent ri cul ar
routes. Alternati.yel or _concurrent admpisiration e by the oral
route. The phaF‘ﬁﬂﬁé‘H‘Eﬁp@ﬁ"e‘&% B%Hr?sisﬁiﬁgf w&g‘bﬂ’eﬁ?ﬁﬁsﬁ?@t’?ﬁ%s blﬁg&’if rally by
bol us i nj ect i OpausE adV¥rse &ide Bffbcty) Slichs uWantdekosk teattionk,(fehdhliZede dosage

adm ni stered may be dependent n .the e, sex,. health, and
in>1/munosuppeession, analgigr actic reacu%%s and the Tike.

[0075] The pharmaceutical compositions may further comprise suitable
pharmaceutically acceptable carriers comprising excipients and auxiliaries which may
facilitate processing of the active compositions into prepafations which can be used
pharmaceutically. Additives to the pharmaceutical compositions may include the
inclusion of an adjuvant, such as alum, chitosan, or other adjuvants known in the art.
(See, for example, Warren et al., Ann. Rev. Immunol. 4:369-388 (1986); Chedid, L.,
Feder. Proc. 45:2531-2560 (1986), which are incorporated herein by reference). The
pharmaceutical compositions may also further comprise liposomes to enhance
delivery or bioactivity, using methods and compounds known in the art.

{0076] Suitable formulations for parenteral administration include aqueous solutions
of the inactivated autoreactive T cells, for example, water-soluble salts in aqueous
solution. In addition, oil suspensions comprising inactivated autoreactive T cells may
be administered. Suitable lipophilic solvents or vehicles include fatty oils, for
example, sesame oil, or synthetic fatty acid esters, for example, ethyl oleate or

triglycerides. Aqueous injection suspensions may contain substances which increase
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wei ght of the recipient, kind of concurrent treatnent, if an re?uency of
treatnent, and the nature of the effect desired. The db&ER Ii(ﬂb‘é or the
admi ni st r aVOW0H#1S8 e  phar maceut i cal conpositions may bPITAVHEXREUEh to
produce the desired effect, whereby, for exanple, autoreactive T cells are
depl eted, as n&é%&&ﬂy*@?ﬂfe@@sp’éﬁ&ﬂhﬂud@ﬁﬁ@%mﬂé, sbdifmRaMOLYthethyl CEIMIbRN. 1S
achi eved, and the autoi mune di sease i S Si nlflcantly prevent ed,

suppr essed, or Sarbifodtang/or qextragokheSuspEYSiongna Oﬁn@w%@%@fsto cause adverse

side effects, megR P HRIOREEIEERET T%élfstdx FoRRIMRE élagga) ti
[ rrrrunosuppressﬁjgnﬂ anaphyl actic reacil ons t?\e I'i ke. ?‘SI?LH Oﬁae

phar maceut i cal Phaomgrssticells neceniahle parcrial V@éﬂﬁrfﬁ’rsﬁdﬂswmmgy ipertionelhesst i cal |y
acceptabl e car {dfics fifl W oRlcAf ol HeRlpBitcSarihulibed ot Bihiiiofl bt et bk
facilitate processing-o e active conpositions Into preparations which can
be used phar nmdtmﬂmgtem 9harmwut1¢al'§®enccs l(suprab ANonhimdtingtexemples ofqxoipienisons nmay

I ncl ude the incI t a osan r ot her

adj uvant s KnowAS;™ n ,hsal F%‘& l?sgs‘oﬂl\ﬁ%? dext%ég sol onmg'ﬁanﬁ'pb Llarécled Salg\nn Rev.

| munol . 4: 369sad@idn( Blﬁ\&ﬁ)qeuﬁhdacbmbosihons mﬁedmeonﬁtmmnoﬂﬁn&ﬁﬁshf&ﬁ&ﬁw{sl986) ,

whi ch are incorporated her n Leferen i cal

conposi ti ons nﬁ{}ﬁ stges %‘Fﬁb‘HS%tng p%i@yﬁwg%glﬁagggn@ﬁ%tl el i very or

bi oactivity, upiong TMMSata@mt@xemwmdalskﬁ@m fbxlmtﬂd’t&i &rtbtal deQ076] Sui tabl e
formul ations for parenter adni ni stratign include aquegus solutions of the

i nacti vat ed autJreHRpRsn “@B¥ fram abgyt Sx10; pedisant to abquf 121 egllsdmk Hreferrpd;

aqueous  sol ut §Q8g oftthe MAstivate® Autoabtive ISREN for %ﬁng&v&{ﬁn@ prefipl bvat ed
autoreactive T cells may, be adm nistered. Suitable |i iIic solvents or

vehi cl es i ncl uHeatingap gutgimmaunerdiseaseayay b inthe snge feabopy 2x18rce§9mqhegq c fatty
acid esters, fofjotsaQpl e, ethyl oleate or triglycerides. Aqueous injection
suspensi ons may contai n substances which increase -17 8 FEBRUARY 2007 WO
2004/ 015070 PCT/ U52003/ 024548 the viscosity of the suspension include, for
exanpl e, sodi ufn determinationnf TR Reperérdee  sorbitol, and/ or dextran. The
suspensi on may 03'79]01n%9'31e§érﬁh§§p%5{' ihbéﬁgéﬁmb%zzhs&m@nwmuhwaﬁd aut oreactive
T cells may be fornulated using conventional pharmaceutically acceptable
par ent er al vehdqwrergmflg)ﬂleamrtmr%@ﬁrwple@r@myenonjilegpnw marp dsegll reaspioes) @rga may be

nontoxi ¢ and t ﬁ{;g] in
Remi ngton's Ph &Engrgglg{ekggt Cl ences, {ns |y a?{p%%ﬁ&[&l %Efgg(lg&dlﬁggs of
exci pi ents ar er meredrcellsedeptoss, frdmn fﬂgelﬂSisoI@tcﬂb}tﬂl@ﬁrstd@mrdeﬂectsofﬂwl on and

Hank' s bal anc edrege%k mvention, wherein said amplification is performed using a primer pair. The

first primer of the primer pair may be an oligonucleotide of about 15 to 30 nucleotides
in length that hybridizes to a nucleic acid comprising the variable region of the TCR
gene. The second primer of the primer pair may be an oligonucleotide of about 15 to
30 nucleotides in length that hybridizes to a nucleic acid comprising the constant
region of the TCR gene. The primer pair may be used to amplify a nucleic acid that
hybridizes to the V3-D3-JB region of the TCR gene.

[0080] Nucleic acids encoding one or more T cell receptors from T cells (the “Target
Sequence™) or a fragment thereof may be amplified from a sample by the polymerase
chain reaction (PCR) using any particular PCR technique or equipment known in the
art. For example, PCR amplification may follow a procedure wherein a reaction
mixture is prepared that contains the following ingredients: 5 uL 10xPCR buffer I
(100 mM Tris-HCI, pH 8.3, 500 mM KCl), 3 pL 25 mM MgCl,, 1 pL 10 mM dNTP
mix, 0.3 uL Taq polymerase (5 U/pL) (AmpliTaq Gold, Perkin Elmer, Norwalk,
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sol ution. Pharmaceutical conpositions may al so contain mnor anmounts of
additives such as substances that maintain isotonicit)sFERRPARY 28T cal pH,
and st abi | W0y2004/@8F8] The i nactivated autoreactive T cel IPETHES200362498 nul at ed
at total cell concentrations including fromabout 5x102 cells/m to about
00 S LM Gorkl) i Eiheide 0 408 Biimel 30 Bifol HACkloKAbAMeRURAT BRGk IGO0l LS for
use in preventing,” suppressing, or tteating an aut ol mmun I sedse maybe in
t he range of dbNAt TiRxioGnearasde nsaytbo stabloat temPari@resof bt least B3°Chedverani nat i on of
TCR Repertoire_[0079] | Leven ect he_prese ' tion is drawn
to a nethod ofprg(%fg?‘élbrﬁfép'?\dg aﬁﬁgaﬁe%gﬁgﬁornem%fotfﬁﬁa%& ngépdcggogiﬁﬁso‘%f’f ng one or
nore T cell renimpleors, or a portion thereof, in an autoi nmune patient by

anplifying nu | Ci encodi ng.one, or.npre T | .receptorg fromT cells
i sol ated by tﬁb&ﬁr@?b&i‘??ﬁ%ﬂ“ﬁgf}%ﬁ@“ﬁf‘imm é&rﬁ?"‘?%ﬁ%ﬂf M &her ei n
sai d anpl i fi cagseQidénstufioh)) ROEsE atiS6°CqathefirighRhd ROsdc.at TIRE (cktefisién) @ériarer of
the prinmer pair n@/@be an_ol i gonycl eoti de, of about 15 to 30 nucleotides in

length that hyB@lef4Pesgcles, Bﬁfq_’i‘iu@F T C¥rl§ ‘EFgE’érFB‘F Fearting MRS ARy WKleEo3Bgi on of
the TCR gene.inlaRdea@aAREn RirlaPefioddf abhif SRikih RE1S R, Sinﬂ?aﬂg?ﬁ’te@ﬂxe final

ol i gonucl eoti de of about 15 to 30 nucleotides in |ength that hybridizes to
a nucl ei ¢ aci Fyelsipedmletey theveaction S1igte mayayfiesgo »fingligatension fogaPetiodef pri ner
pair may be u 50m?] |+ ¢ P i Mo he
V(3-D(3-J3(3 rzdgig%ltn 0 f{?%g% genggl?rgg%gﬁ%%gﬁkg%gﬁs s‘zg%}:% iir(l)g one or
nmore T cell rewelss oras nianynas J0 cxsldssDepending Trondhs specdfic BERaeaciomdongef oragnent

t hereof nmay be l.] f i f I kD reaction
(PCR) using ansfllglgg;r {u@%&grﬂ%ﬂ? @?]Egr%ioghog)éf){reﬁlga%ﬁllﬁ%e%a{&Eﬁ(s)t\%ggfﬂr}gt he art. For
exanpl e, PCR anpilificatiomtprafile may bé odelow a procedure wherein a reaction

m xture is pr t hat .contains the follow ng ingredients:..5 | OxPCR
but for U - ( T0CORAT e datnplf Sbifiiele he Fyradl Spitaed o Be S BB B en s 70T )
Nor e |rkﬁx’ g.ggehoﬁﬁ(DlﬂmJ 00 as%(pgegw u?lg)amgngm% ,%%%%gwﬁgmggl ne;’ 30
Norwal k, -1 FEBRUARY 7 .\ 5070 ,PCT/ U 454 nn.),
prol of a fi rslPNgr ﬁf‘eﬁawpgeeniyn‘m lsq}?tegﬁw@amamsw‘ﬁ@r f?maﬁay quimaher humag) o pNA
The pol ynmer as Qismcog%rﬁfhgtﬂ @118 budhQF Pt BsodhomnubleaTeldPBMbAVE a

processivity of 50- and have an_extension rate of greater than 50
nucl eot i des pe(ﬁeno;wcthé_ may be isolated directly from a tissue comprising T cells. cDNA may

be isolated indirectly by reverse transcription of mRNA directly isolated from a tissue
comprising T cells.

[0083] The ability to detect the Target Sequence may be enhanced by isolating the
sample DNA indirectly by amplification of genomic DNA, cDNA, or any other form
of DNA, by a two-step PCR reaction. For example, a first PCR amplification reaction
may be performed to amplify a preliminary fragment that is larger than, and
comprises, a fragment to which the first and second primers are capable of selectively
binding on opposite strands. A second PCR amplification reaction may then be
performed, using the preliminary fragment as a template with the first and second
primers, to amplify a fragment comprising the Target Sequence. If either the first or
second primer is used in the first PCR reaction to amplify the preliminary fragment,
the second PCR reaction is "semi-nested." If neither the first or second primer is used
in the first PCR reaction to amplify the preliminary fragment, the second PCR

reaction is "nested."
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[ 0081] The PCR reaction may be performed with an anplification profile of |
mn at 95C (denaturation), 20 sec at 56C (annealing), SFFBRINREWAt 72C
(ext ensi onWOf 29p4/6150700t al of 40 cycles. Before the first REESHEH 1248 t he
reaction m xture may undergo an initial denaturation for a period of about
Smnto 15 m | 1flah &% §kteh PERrLARES reaction
m xture may un erﬁo g ?I na E{Ve teﬁgoﬁ fror an OIg\ér/&ljo ox’e?u&&%ﬁl:ﬁ%co&ngto 10
mn. Certain FT@FQQfe‘m*tTGhHsrqmyomﬁmeAﬁeﬂlhmasbéemplaﬁedllﬁnedomngaﬁmtEQRor as
many as 50 cyc P Ne er or
. {eg&on%%ggqfrgﬁreﬁ B‘ncfx%.éj? Fl%nérgﬁaqf a.Ime Is tcﬁféf@,‘?é‘gg ]pcﬁ,he

shorter incubatiron tings an I"ower step of

the anplificagéneands @efcbh@pmmbgpm@dthatﬁﬁsastomcpwgﬂxﬁf@wmmgeﬁw t he
Target Sequence, nay be a nucleic acid, such as genom c DNA, cDNA, DNA

previ ously anpWhich é@%@esmmm@ﬁv&@w&ﬂ Pxsendls épm Yiktroughdha W-RAifay be

| at ed, di
conpri i hg T cupyien® CHAIBREL b cek bl P Kadioh Wtch i WU WRod bl RS, 1)
Genom ¢ DNA manested. Indightaefahe piaseet:dlko}osﬁzreoﬂw skill¢dsstisan walirpe atsle tu;peIEct:eI | s. eDNA

may be isolated |nd rect vers f |rectly
i sol ated from PPFPLE é’"%%%i?%%ﬁcﬁ%n en lgﬂls OIf%g?}’ﬁg‘ﬁ@méB tT?gFo detect the
Tar get Sequencgegieicebe enhanced by isolating the sanple DNA indirectly by

anplification of gepom c . C , ~Or y oth for of DNA a two-step
POk reacti on RERScAGarpTbgitor pEHe e CiRip e din droRii g FEoCh ey ey e
performed to aggddddbydh dtinttet aﬂpa@deaurég fer&xainplehat alighiot R afBTifiéafien prodié
conprises, a fragrrent to which the first and second priners are capabl e of

selectively bPavPhigadad ostnysslectorloresis sl towhigh sheleqtigtielf i appliedtoi on

reaction may tébﬁﬁ‘ra&@)NR%Jl&ﬁﬁ?@y si% T ghotRemPe4, 'aﬁ‘aﬂeﬁd{ of mg&mﬁo@s a
tenplate with the first and second priners, to anp ragnment

conpri si ng t heproducyarey Se nadettanto 2 gel siained ith SYBR EIQQH, gthldug@bmdq;m mer is
used in the fif ! r t he
second PR r catitysh ol R ek QAL bR BN okt il oRERTe RS, ARl Bbeay 15,
is used in theontdin alabslémoh@amtlccmde that horbpﬂlzéytomhaequgﬂ ISeqrienes, frofarvelgetent , t he
second PCR react |ton IS 3 " u\g%UAEY Q07 WO 2004/ 015070

PCT/ US2003/ 024543 T%%%fpl}rﬁya amf BMBeR reacti on, one or nore

nucl ei ¢ aci ds O86ldTHGollowieg atan{p])dfsare'ﬁnﬂedeld t6 @srRqistate pfefedred Embedinentsny be
anplified by porlor m NG a5t honid be asmreciated by those of skill in the art hat the

techniques disclosed in the examples which follow represent techniques discovered by

the inventor to function well in the practice of the invention, and thus can be
considered to constitute preferred modes for its practice. However, those of skill in
the art should, in light of the present disclosure, appreciate that many changes can be
made in the specific embodiments which are disclosed and still obtain a like or similar

result without departing from the spirit and scope of the invention.

EXAMPLE 1
Isolation of Myelin-Reactive T Cells for T Cell Vaccination

1. Preparation of PBMC and the Primary Stimulation

[0087] Fresh blood specimens from MS patients and control patients were processed
within 2 hours of collection. Alternatively, mononuclear cells may be obtained from
the cerebrospinal fluid (CSFMCs) of MS patients. Peripheral blood mononuclear
cells (PBMCs) were isolated from the whole blood by standard Ficoll gradient
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reaction using a first prelimnary prinmer that anneals to the Vi 3 reg| on of
the TCR gene and a second prelimnary prinmer that anneSEBRARY 20 3 regi on
of the TCRWiR2084/015010 ch anplifies a prelimnary fragnment REIAUS20YBATE from
V[i through the V[3-D(3-J(3 junction to ([3, followed by a second PCR

reaction whi chsdpistiBemBIBiod. Shedificall9) rﬁeparﬁﬁ'&ti%ﬂ)od s inetbd with Hahies val-asent
di sclosure, the skjlled artisan w || able to select appropriate priners
r‘b@é

and reaction cedlution B (héﬂzloaﬁ»ﬁmﬁﬁ) and themhslowlylaid overrthekicol wece.
| 00851 After Bt fbariitgl whfn T&B@ﬂ%ﬁ?&%%ﬁmé 219860l 18&hoPr 0duct may

be detected by a nunb of “procedures exanpl e al't quot
anplification fpﬁ*’ddwﬁhno hmye RBMOaved tlentvasised byladding e:;ﬂasxrléBSSalgiel to which

an electrlcfleld a separate | ecul es b I n anot her
met hod, an al i 5t *‘2%(} F’cfg “EFBH@(%A@% 41%&&)%"@%?’ ®a gel

stai ned with Sm%e&ﬂe&mm@tlﬂmhﬂ%mﬁeaﬂﬁ,by@émﬁ SdMend FEseGuehi®y t hat wil |
bind to DNA and emt detectable s nal. Adrie el may cont'ain a | abel ed

ol i gonucl eot i dEesEsReR eﬁ}’bﬂlﬁl L wedinng (o, farapgtielangd N, ¥ ncGell mytgher Was ch  an
aut or adi ogr ap hccnmédlaﬁd Eéiﬁ%ré;peaat% BRS 95\ el Meb@RM el Quitirt Blatek AOBEhsik &

fol |l ow ng exa | es are included to denonstrate preferred enbodi ments of the
i nventi on. Otebsiwelh phlh plates sugredgbeladasith patientinumber and phtienbinitislshat t he

i scover ed S'ysﬁ‘% PO 6B helpa Bl BT Cln bbbt St SO RAN il BEN Pl o

i nvention, and1bdstmmﬁﬂmghethedma@ndﬁmeﬁbdbmuﬁﬁmgmﬁwfempeﬁxfyelﬁﬂmdteﬁﬁdes for its
o asentai oe) cBuPin e aruin e el o gt el
presen isclo e
speci fi c enbodpiEsprste mﬁ&scshcaﬂﬂa%@ef% IPlaltes%tr@ 1lcea1ﬁak:@20r simlar

result wi thout departing fromthe spirit scope of e I nventi on.
EXAMPLElI | sol mpuh;:mpr@t 3 A vismellydnspeetedrdatiy| Ccsllsfwe qult@eddl fonaé@dayati on 1.

Preparati on of t 1 ood speci mens
fromMS pati ent’s %ﬁagﬂ‘é“'%’ oarg?dé*?g)gﬁe%‘%ﬁjgcessg%% S%E{ﬁéﬁ' 91 Shour s of
collection. Alternatively, nononuclear cells nay be obtained from the
cerebrospinal fluid (CSFMCs) of Weblpht Aetivating Peptidgher al bl ood nononucl ear

cells (PBMCs) [EadigPbplagd from the whol e blioody Byuestsandar d; Fi col | gradi ent

-20 8 FEBRUARYM sic pMlein AePddEll (MEPUY O PCT/ Ub SR IPRTP SEQIDNO. 1
Myelin basic protein, peptide2 (MBP-2) SKIFKLGGRDSRSGSPMARR | SEQ ID NO. 2
Proteolipid protein, peptide-3 (PLP-3) LFCGCGHEALTGTEKLIETY SEQIDNO.3
Proteolipid protein, peptide-4 (PLP-4) WTTCQSIAFPSKTSASIGSL SEQID NO. 4
Myelin oligodendrocyte glycoprotein, peptide-6 (MOG-6) | GQFRVIGPRHPIRALVG SEQ ID NO. 5

Myelin oligodendrocyte glycoprotein, peptide-7 (MOG-7) { EVELPCRISPGKNATGMEVGW | SEQ ID NO. 6

2. Ideﬁtification and Selection of Antigen-Specific T Cells

[0088] The cells described above are then selected for the expression of gene products
indicative of activated T cells. See Section 2(a) above. A Cytokine Catch Reagent
(Miltenyi Biotec) (as described above) is used in order to detect the intracellular
cytokine yIFN or TNFa when ultimately excreted from the cell. Briefly, the Cytokine
Catch Reagent (typically a bispecific antibody which binds to both the activated T cell
marker and the secreted cytokine) is incubated first with the cells at 4-8° C in order to
bind to the CD45 molecule on the cell surfaces or other activated T cell surface
marker such as CD69. The cells with the bound Cytokine Catch Reagent are then
incubated at 37° C for 45 minutes to allow the yYIFN or TNFo within the cell to also
bind to the Cytokine Catch Reagent as the cytokine is secreted from inside the cell

21-



separation nmethod. Specifically, heparinized blood was diluted w th Hanks
bal anced salt solution (HBSS) (1:1 blood/I1BSS) and t hEREBRGARY 29U d over
t he Ficol | WOpW4UES07®ol ution in a centrifuge tube and cenPETAUBPO0FIGH 20
m nutes at 1800 rpm 18C to 25C, with no brake. PBMCs were then washed by
addi ng excess hﬁ% {8 Shoubtioh fpbrid) §EFNbr TN nb W Bolr to H: d¥IIRURS bRlthel 8C t O
25C. Purified PB were washed three tines in RPM 1640 nedi um by

centri f ugat i onCyiliing Qlatch Ragent yhich isthentistegisd using 2 mtibodespesific fa@ bco, G and

I'sland, N.Y.).c ﬁe(’iﬂﬂi@ﬁﬁtdﬁﬁﬁgat@f&%@ﬂu dn b were plated onto 96-well

U—bottorred cul ture | ates at a densit 200, 000 cells/well. Al plates
wer e | abel ed wQ0RS]gEhe ceHsurfagiselechlesC tanéﬁD69,mrq Jetgeted usmﬁén@mdleg vver e

i ncubated at 37 teh@@&ﬁéﬁﬁ?ﬂ&?o%ﬁmﬁéé“&ﬂ@&bﬁ* &%?ogﬁlﬁﬁ% i §é1€é? fikst 1
cor respondi ng ¥o known 1 nmunodom nant regi on ree nye in ot ei ns,

myel i n basi c pgaingiand (heBMYithipthix pllatiem] ther“doublaspdsiive] (CRGRAnIENY or
| i godend t I t ei, t f. 20 Pl at
ver & placed | ncnodest TREQ digta ety ae Sontief B F T Py oPelecet®t iy Cel1 s

were cul tured [MDO]m%dﬁycfﬁnywdTﬂ&gﬁﬂve qhaIMse then auédﬂg reﬁpdiigéﬂ byrstﬁxﬁxlla&ﬁg 2 ctively
grow anti gen-spe ic ce abl e ctivating Peptides elin Antigen
Pepti des Ami noVA F{(f “LEH e ALt WVEPFhﬁr%fé@al: T pelbitogen in thspregence of vBp- 1)
ENPVWHFFKNI VTPRER; 8EQuioR e PEMCIEITL 1D 961 MySiinQeiiive TREM fiflgar (MR- 2)

SKI PKLGGRDSRSGSPMARR SEQ 1D NO.2 Pnteofpid protein, peptide-3 (PLP-3)

L FCGOGHEAL TGT ERtopasried SEcyliurs watil the tetalpel spmpir aegshesk approximasely 20 aillioppL p. 4)
WITCQSI AFPSKTSASI GSL SEQ I D NO. 4 Melin oligodendrocyte gl ycoprotein,
peptide-6 (MOG 6) GQFRVI GPRHPI RALVG SAMPIFA 5 Melin oligodet drocyt e

gl ycoprotein, peptide-7 (MG 7) EVELPCRI SPGI YATGVEVGW SEQ I D NO. 6 2.

I dentification and Selection of AntiB $c T Cells [00881 The cells
descri bed above are then selected for the expreSS|on of ., gene products

i ndi cative of HOPIhvetp 10z qf bloodare caflectqd drpmbhs patignhynd ong oEyoFki ne Cat ch

Reagent (M |t gRetiBhetes ark ﬁ&deﬂ%ﬁg q?lte@dle%hmeqﬂodd&o paRe, dnrbles teq det ect
the intracell uI ar cytokine vyl when ultinately excretéd fromthe

cell. Briefly, lmom%@ﬁﬁept@aqmemg&thehwlmwd@mmpwm% ant i body

whi ch binds to cyt oki ne
i s i ncubated fﬁst%ﬁﬁr&ﬂ g@{eﬁgb;ag%c&g&gméﬂﬁﬁ%;ﬁgggtﬁ @i? %%?%eyCMS )
nol ecul e on t hmyeld ¢ligodendsasyts ghycopiotesr (MQE). v"ﬁmé@bddl&:mblllbamdr\hﬁvbe mar ker such
as CD69. The cel | ‘%W %gﬁ)}gg%%tgﬁ%%%ﬂﬁﬁn'm .ﬁ% em aregdtﬁl}ﬁﬂ i ncubat ed

at 37 C for 45pefﬁ e celTto al so
antlgen—pnmmg period, the cells are re-challenged thh antlgens in a short re-

stimulation assay.

[0092] Myelin peptide-activated T cells are detected by permeabilizing the cell
membrane with a detergent solution, washing the cells, then incubating with one or
more staining antibodies to detect CD4 or CD69 molecules on the cell surface or IFNy
or TNFa intracellularly. The staining antibodies are conjugated to different
fluorochromes so that they fluoresce at different wavelengths when excited by a 488
nanometer laser by FASC analysis. The population of CD4" T cells is selected first
by using the CD4" cells for gating and then within this population, the cells that are
immunoreactive with both antibodies (CD69 and YIFN or CD69 and TNFa) are
identified. This population of “double-positive” myelin-reactive T cells has been
shown to increase significantly in multiple sclerosis (MS) patients as compared to

healthy controls in a similar study (Figure 1, MS patient, Figure 2, healthy control).
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bind to the Cytokine Catch Reagent as the cytokine is secreted frominside
the cell -21 8 FEBRUARY 2007 WD 2004/ 015070 PCT/ US2003/FIBRARYRPT ng this

i ncubat i onwpPe004d507|1 FN or TNFa, now bound to the cel | sRCTASER00HP24H4E

Cyt oki ne Catch Reagent which is then detected using an antibody specific for
cyt oki ne of | oAl A §R R HbL D uﬁ-kéae%‘gcﬂeﬂm&ﬁﬁggg_&)&%lﬂow%f&e"

surface nol ecul e and CD69, are detected using antibodies conjugated to
di fferent fl udesenmnyds detprieinaaeforeduring apd afier freptmeny to deteraringithe effect by
gating and t heghanWid fbfip} Bh fheRBRHaStive O el pBfulaiil AhE Rl 4§ be ( CD69 and

| FNy or CD69@da}raiud1 T#\IFa p_%talﬁlr?ed cel Ig ar etpg p%r atgg By FACS gngl col | ected
aseptical ly. detoadidzheitherthe percentagpof donblepasitive etaifed e¢llsor ag te abrohutali r ect | y
expanded by st myl afd Wit - , anti-CD3 or other general T cell
mtogen in theﬂ‘%tggéfn%blgwoglp\r’éré&%f‘%ﬁcggtﬁutoI ogous PBMCs for 7-10 days.
Myelin-reactive T cells lines are propagated in culture until the total

cel | nunber reached approximately 20 EXAMPBR.3 EXAMPLE 2 Diagnosis of M

(00511, Tvo L0100 . ChyphoRdpis il A6ty Caf0R BRkkels 210 one o e

stimul ate, t he[oirf%sé:\gﬂagpg@& fs%bta}-rﬂaﬁ fnglﬁﬁ] patins a6 @ SHRTAREE ﬁzjth%gé BEmgown

i mmunodom nant _ hree proteins, nyelin basic protein
(MBP), pr ot eol sypthetiqpeptiddsas (encrhed inFelamply 3| The bidadge thevkitedoyithethe | ycopr ot ei n-
(MOG). The bl 00d,:kS. ¢l i i f I 0 activate
t he nyelin- spepcﬁ gﬁh‘% fé]xnscc‘!(lagItilgtsh(ggr/&\t{\A %"}%é’&tgﬁ‘ﬁ n%%ﬁ{"ﬁ %ﬁica'ﬁﬁua'e%?t&%iergh&lﬁgﬂ%eri od, the
cel | s are re- cintigéreprireinig peridd, thetcelipanay bere-ahallengdd with ansigenyih ashartreassay.
[0092] Myelin peptide-activated T.cells are detected. b erneabilizing the
ol | ot ancRAHoR Stey B GHR Sabiny R sia DGR EoRals SRR Prc ubat | ng

W th one or ngiBodiésdghinAFRRTNPEIbr&ScoldindRbehbreSDThOtcllcRR Ui ! €s on the
cell surface or IFNy or TNFa intracellularly. The staining antibodies are

conj ugat ed t o With aejndihedy toIGR4-a5dior 64368. Ths stained myghiyreactiverbedls aga  di f f er ent
wavel engt hs %%‘%ﬁhé‘s@?@&iﬁﬁ lepanoneter | aser by FASC anal ysis. The

popul ati on of + T cells is sel'ected first by using the CD4+ cells for
gating and then within this population, the cells that are i nmunoreactive
wi th both antibodies (CD69 and yl FN &XAMEDBEAnd TNFa) are

Determination of TCR Clonal Repertoire

[0094] The T cell receptor (TCR) clonal repertoire represented in a cell population
may be analyzed by isolating out the double-positive stained cell population by cell
sorting as described in Example 2 and Example 3. DNA is extracted from the isolated
cells and used to perform quantitative polymerase chain reaction (PCR) assays using
oligonucledtide primers specific for 25 known TCR variable beta chain (VB) gene
families. This procedure yields information on the distribution of TCR Vf gene usage
and indicates the clonality of pathogenic T cell populations. This method may also be
used to determine if clonal or epitopic shifting of the myelin-reactive T cell

population is occurring in an MS patient.
EXAMPLE 5
The Depletion of Myelin-reactive T cells by T cell vaccination

[0095] Patients with relapsing-remitting (RR)-MS and secondary-progressive (SP)-
MS received three subcutaneous injections of irradiated autologous myelin-reactive T

cell clones isolated by direct expansion, with three additional injections 4, 12 and 20
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i dentified. This popul ati on of "doubl e-positive" nyelin-reactive T cells has
been shown to increase significantly in multiple sclerdSFBRUMRY 203t ents as
conpar ed t WO HMO4PISAI controls in a similar study (Fi gure BCT/NS20pHQ24848t |
Figure 2, healthy control). -22 8 FEBRUARY 2007 WD 2004/ 015070

PCT/ US2003/ 02 ' ' r ve & cells
circulating i ﬁéﬁ%@%k%g‘%} ?Pﬁ%ﬂm%??gﬁf[t&ﬁ%ﬂgg& esﬁLtﬂn%/ngeé&PsS;?r r| ng and
after treat rrerthydlin—rdaﬁi&c icals, tdﬂeofa‘éhmt expaﬁdedmsmwrs’em;syore fB]D$EB and

aut oreactive tion. The e et ernmn ei t her
t he percent age he& 88?%“@ V?ﬁav%engf‘gl hed O@éﬁ rﬁ%éesu%wﬁ’?go%%%?m%g number
of doubl e- posmreweccmaabmeﬂu&&hhsdf@mm&a b\ sigditioa) the cliniddbdals bfithe

Ant i body- Conj u d Lip 0 I e bl oad f a patient
and stinulate eﬁ %W‘B(ﬂ‘ 3&7?%‘?{ fErpenias 1&aé§‘aég‘bﬁé§ﬁﬁlbéé&$n Exanpl e
2h The IbI ood I&dISEMBaieﬁcmﬂbitatmﬁ 1bwaﬂdyl(?aspéaﬁ8uﬁytﬁod;ﬁmﬁw 852: q>4gﬂcti\d/ateh
t he nyelin-specj cells. At.the epnd o ant rimn i od, the
cells may be r]élggﬁgqgl-gl)ﬁ&éﬂ“\ﬂ“fiﬂiQﬂ?"b‘gﬁg‘t"i‘*ﬂﬂ‘éﬁqﬁ%@ #@gr}@? ?qno’ﬁﬂeassay
prior to stai nTg&l RédulndVRgHRttRérlABEtETHbR dr shbsBATAREScRRIA JA8E¥REindtdn at

ant i bodi es agai nst_ 1FNy, TNFa, or a conbination thereof. The ceI | s are al so

stai ned with wepkad Tho@silis sontimed deplesionobmyelinreactye d sellabyfeell n-reactive T

cells are detggliagh 'vﬁﬁndM gn Exanple 2. EXAMPLE 4 Determ nation of
TCR O onal Repertoi reslfg094f T cell receptor (TCR) clonal repertoire
represented in a cell population be anal zed by isolating out the
doubl e- positive stained cell popul ati%ﬁ{q‘“}ﬁ7 sorting as described in

Exanpl e 2 and Exa”VLFun%rnOWMSSPﬁi‘eH%BEQuUIOéUn M‘yehﬁ Atk Tesly S and used

to performquantitative polynmerase chain reac assays using

ol i gonucl eot i dgop)i FRNaccREBh Bfo@ocBPiE s@élamcm ugddfn ﬁ@ﬁoﬁb&lﬁu&@gﬁd@@al n (V(3)
gene famlies. This procedure yields information on the distribution of TCR

V[ 3 gene usage(Zhangie! Mﬁdl&%t Medaenet aé ) B193). |BI}€ﬂch mpelinteesdive & cvll glopes
popul ations. Thi (B, ][Q F Iﬁg@
epitopic shif t§ arérfra?cﬁgd rﬁlelﬁ%aﬁlggc a é\[/%g t?ﬁﬁ popu g% Hﬁrﬁlﬁl(s ocgsﬁfrgr ing in
an M5 pati ent . /nf)3NR freSence of irradiated PBMCs as a source of accessory cells. Cells are
then cultured for 10 days in RPMI 1640 media supplemented with 10% heat-
inactivated human AB serum and 100 units per mL of rIL-2. Activated myelin-

reactive T cells are subsequently washed three times with sterile saline to remove
residual PHA, rIL-2 and cell debris and finally resuspended in 2 ml of saline. After
irradiation (10,000 rads, "*’Ce source), the cells are injected subcutaneously on two
arms (1 ml/arm). The number of T cells used for vaccination range from 40 x 10° to
80 x 10° cells per injection and are chosen by an extrapolation of T cell doses
effective in experimental animals on the basis of relative skin surface areas (Ben-Nun
et al., 1981). Each patient receives two subcutaneous injections followed by repeat
injections at 4, 12 and 20 weeks.

[0097] Patients are then observed for time to onset of confirmed progression of
disability, EDSS, rate of relapse and MRI lesion activities. The results are compared
with the patient’s own pre-treatment course as well as the placebo arms of two recent
clinical trials in RR-MS and SP-MS patients, which serve as an estimate of the natural
history of MS (Jacobs et al., 1996), European Study Group, 1998). Time to
progression is determined by an increase of at least 1.0 on the EDSS (Poser e? al.,

1983) persisting for at least 2 months. On-study exacerbations are defined by the
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The Depletion of Myelin-reactive T cells by T cell vaccination [0095]
Patients with relapsing-remtting (RR)-M5 and secondar y* W’e"s’g SP)- M5
recei ved t WOS004Q15¢79t aneous i nj ections of irradiated aut ACI§H2803/024548
nyelin-reactive T cell clones isolated by direct expansion, with three

addi tional injfpbirome offnew Berdbldgidhl sympidms o kSR of Hadxistiip néRdttefthP 070
PCT/ U52003/ 024 ?38 weeks_ t her eaf %ler yrggttl entsipvxgre m%ﬁ?tortw? for g%énges in

the precursor PPERRasfingfor atleast48 howsaceqpapatied by pyjectivgchange ope| apse,

expanded di sabiduididgicl aktSinstion (RolsGRRIf abIeakt oMFﬂouit %ﬁ EDRSHCHAtkhts beS Over a
period of 24 nonths. The results were conpared wt pre-vacci nati on val ues

in a self-pai r@mﬁ@reponﬁvmetwnthetSH@delefimg@hrvr@%andﬂretemnn?ﬂlax:ebo ar s

f RR-MS t I 996 d
SP-ME 1 o ecinRiaEtiH SbRhA el ghbERlon? SabABE ks linged! S0 |01
1497 (1998)) vasirverw enentschwithl slgnqmmd\phmcah@taunmﬂmm o regular Wisita Tfe MS for
conpar i son. ﬁﬁerln&:@h[th‘éc gﬁ@%ag@%m#gae crtd b {n%%@Pﬂfe‘hOJe substanti al | y

declined aftervaccination a S con |rrre depl etion of
nyel i n-r eact i veacdinatisinlase dnalyZedwding the Wilcoxvalsirank-sum festt i ent s with MS. EXAMPLE
6 Vaccination of MS Patient Using Autol ogous Myelin-Reactive T Cells [00961
The vaccination protocol is simlar tWLEwsed in previous clinical

studies (ZzZhang et al., 1993, Medaer "e 1995). Briefly, nyelin-reactive
T cell clones prepar edAltexation iofi¢linivalfComryd of MS After ¥accinationd wit h

phyt ohemagglutinin (PHA) (4 gg /m) in the presence of irradi ated PBMCs as
a source of aclhesydapentetaceive Cabll yacginations prparcd hecording; t dixathpledayith i RPM

1640 nedi a su cta AB s mAand 100
o ts ooy 2 RN ERE B Hhd BedDbRERlinds I BN VAR RIUTR o /eFs REANRAOAT 10D
washed t hr ee t inomths dfier Macimtion. eBy ednipagisdnothererivateincieassiofitiedn EDSS by DI612 and
cell debris and fin resu i 2 m. of salli fter, irradiation
030 000 1 nds. psnnt ity o RRIISLard) Gyl the it Patoo b o L A B o v
arms (1 nl/arm oﬁaaenwmmnda&ea’uﬁ@élbaa-m\e;hﬁeroacass:umat19@5) rimngeitibi,om 40 x

106 to 80 x 1 6 cells ectjon and are chosen by a olation of T
cell doses ef ée{qPQEIOPH 4‘ thpvegithernehagged ??émﬁ’é’é’%ﬁﬁ%g %Helrve skin

surface areas fhieihabifihe ﬁm@ﬂ MS hikaﬁﬂ-)FewEMy,Rﬁﬁérﬁi‘ﬁ theSeQMTR MPgrou
subcut aneous injections foll owed by repeat "injections at 4, 12 and 20
weeks. progress beyond EDSS of 2.0 within 24 months as compared to 18% of patients in the

natural history of MS.

[0099] In the SP-MS cohort, mean EDSS progresses slower over a period of 24
months as compared to +0.6 recorded in the natural history of SP-MS (European
Study Group, Lancet 1998; 352:1491-1497). Furthermore, estimation of time to

confirmed progression using the Kaplan-Meier method shows considerable delay as

compared to the natural history of MS patients (20% progression in 12 months for
RR-MS and 9 months for SP-MS) (Jacobs et al., Ann. Neurol, 1996; 39:285-294,
European Study Group, 1998). '
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100971 Patients are then observed for tine to onset of i ogr essi on
of disability, EDSS, rate of relapse and MRl | esion ac%cﬁﬁﬁq@@f]e results

are conpar®e 206®107he patient's own pre-treat ment cour s&®CIUSERI3 02448 ¢ he

pl acebo arnms of two recent -clinical trials in RR-MS and SP-MS patients,

whi ch serve as an estimte of the nat u&ﬁkp“gi story of M5 (Jacobs et al.,
1996), European Study G oup, 1998). Tine 10 progression is determ ned by an
i ncrease of atWhads¢laiinedion t he EDSS (Poser et al., 1983) persisting for at
| east 2 nmonths. On-study exacerbat r Ln by.. -24 FEBRUARY
2007 VO 2004/ 015070 PCI TR %Eilﬁ‘ﬁ"‘%p?g@%?%8°§%os}’%ﬁ%€vﬁ’ﬁé?‘“o%8’b$€al
synptons or worseni ng ointgres-cexpsitintg neurol ogi cal synptons |asting for at
| east 48 hours, acconpaniied by .ohjective change neur ol.ggi cal exam nation
(worseni ng of at | east &)5 p#%a%aﬁﬁgg9°W5gwgﬂ{]§11%W§ﬁS‘f‘ﬁg{‘tfgﬁﬁ%ﬁ to
report events between the schgputiedhéregul ar visits, and are exam ned by a
neur ol ogi st if synptons suggested an exacetﬁég on. Safety assessnents

i ncl uded adverse event &) vi 1eRCtEs oRFOT TPLE ithat express Anf 9% Mg st r egul ar

visits. The differences in hgﬂ(eﬁlsglgét&ﬁﬁoﬂ{meiﬁ&iﬁ%ﬂiﬂ{#t&@b@@@b@ﬂtS before
and after T cell vaccination are anal yzed us:ﬂgg t he | coxon' s rank-sum

test. EXAMPLE 7 Alteration ofD&i(Ip3oam onpOr AoresecendaBarkers i on [ 0098]
Pat i ent ive T-cell i natd - i i th
atients receive 7-cell vacc E;ch &tﬂé&%ﬂﬁ‘é&sﬁﬁﬁ&ﬁ%@mﬁmﬁﬂhﬁé wth no

adverse effects. The nean ED Ines-in patients over a period
of 24 nonths after vacci natlletd adddLel@npari son, there is an increase of nean
EDSS by 0.61 in the patural. history of RR-. n=56 ver. t he sane period of
observation, as was’ ep‘B?tﬁ%%gﬁcangltWﬁ%{Fméﬁlﬁﬁt&egas %%e?frﬁadmg%%a-l FN-1 a tri al
(Jacobs et al., 19930)Thd methciloftclaiin,2, whéreinpaid Relf-batipen (f selebied frami thert s t hat
have ei ther unchanged or ig’qprﬁgd.EDSS, S hig‘?gr t.han .ha&i OJ él_he nat ur al
M5 hi story. FefiPuh fonsisne ¢f Fyels pasiq poteineprofegtp: TR P g0 epirgEH s s
beyond EDSS of gidooBrotdih,toNages typR it prptides, keaiahasiestoteth, MRGRB PEXa0AANES i n the
natural history of MS. [0099) In the SP-M5 cohort, nmean EDSS progresses

sl ower over a%@i%@e@fm@mﬂ’tﬁ%%l@%ﬂ%ﬁﬁpar ed to +0.6 recorded in the
natural history of sSPrinébt GREAR 1, whiteh s43 Qben k& igtmuhedShinant ,
352:1491-1497). Furthernore, esti mafion of time to confirmed progression
usi ng t he Kaplepitopiedfcarselfantige: shows consi der abl e del ay as

5. The method of claim 4, wherein said immunodominant epitope is selected

from the group consisting of residues 83-99 of myelin basic protein and residues 151-
170 of myelin basic protein. |

6. The method of claim 1, wherein the cells expressing said first and said
second markers are selected using antibodies to said first and second markers
respectively, or optionally a bi-specific antibody which binds both first and second
markers in cdmbination with an antibody which binds said second marker.

7. The method of claim 6, wherein one or more of said antibodies is
fluorescently labeled.

8. The method of claim 7, wherein said T cell is selected by fluorescent
activated cell sorting.

9. The method of claim 6, wherein said first antibody is conjugated to a
magnetic microbead.

10. The method of claim 9, wherein said T cell is selected by magnetic

activated cell sorting
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conmpared to the natural history of MS pat’i ents (20% pro Eﬁlﬁ}v ﬁ{:’] 12 nont hs
for RR-M5 and 9 nonths for SP-MS) (Jacobs et at, Ann. %uro ) g@%

39: 285-294, European Study G oup, 1998). -25 S FEBRUARY 2007 WO
2004/ 015070 PCT/ US2003/ 024545 CLAIMS What is clainmed is: 1. A nethod for

i sol ating one or nork The @@kHod oFRRGH i Whiréif saidadipleh GeiBcidhted Witheh RISkmple
conprising: (a) incubating a sanple conprising T cells with said antigen or
a derivative tfcrxért%ﬂaﬁ(-b) sel ecting one or nore -T cells that express one or

more first marker s;sehegicatbaldrmid NewElQh Baif 2RTka td RtibRled W8 3aid e CD25,
CD36 and HLADR and one or nore second markers selected fromthe group

consi sting of Ffdrdg@stEmy dand TNFa ILS 1L-10 and I1L-13. 2. The nethod of

claim11l, wherein sa'i hotg of, claim 2,
14

ntigen i.s, a | f.- ant | . 3.. The, met h
wherein said self- anf’iT(fzjell R soiasoélcgg? 3% “fhref)e% %aﬁgynu&g%ﬁﬁmé%ﬁtg‘?g zg‘_:]ldof nyelin

basi c protein, sqfifé eolidspttdnps@baisn, nyelin ol i godendrocyte glycoprotein,
col | agen type H peptjdes, heat shock protein, MACGE, K PSA, CA125, . GAD
protein, and tunor %fgg‘gﬁf%p'é’g °£ﬁ£i’©é§1.w}ﬁ?eml‘ﬁ‘édW%HWB@F%WH?E?MMHei n
said antigen i§an%ne'fdn@g§1gﬁgr1'gmaﬁrs, epitope of a self-antigen. 5. The nethod
of claim4, wherein said i nmunodom nant epitope is selected fromthe group

consi sting of residliedhggedodef clgipe4.ivhses @idanbiged i§ apybatedwithgdd 151- 170

of nyelin basig, phokeidls 1fn 81;J§grsnet hod of claim1l, wherein the cells
expressi ng sai g T st ané\ sai second markers are sel ected using antibodi es

to said first and sktdhdmmioker slaim &5 pdetdnvetdgutigen i phoubated With aaibi - speci fi c
anti body whi ch_bi nd got fi,rst and second markers in conbination with an
ant i body whi chsaé?ﬂqfagor &7 #2848 marker. 7. The method of claim6, wherein
one or. nore of sai diamhthedicdfchim 16, wdieascant dnfigtmdeh@bated with said

sample for less than 2 hours.
18. A T cell isolated by the method of claim 1.
19. The method of claim 1 wherein said isolated T cells are Tyl or Tg2 T
cells or a combination thereof.
20. A method for quantifying the number of T cells in a sample, wherein said
T cells are specific for one or more antigens of interest, comprising:
(a) incubating a sample comprising T cells with said antigen ora
derivative thereof, '
) selecting one or more T cells that express one or more first
markers selected from the group consisting of CD69, CD4,
CD25, CD36 and HLADR and one or more second markers
selected from the group consisting of IL-2 IFNy and TNFa IL5
IL-10 and IL-13; and ' ' _
() determining the number of T cells selected by step (b).

21. A'method for producing a composition for the treatment of an autoimmune -
disease in a patient, comprising:
(@) incubating a sample derived from said patient comprising T

cells with one or more autoantigens;



8. The method of claim7, wherein said T cell is selected by fluorescent
activated cell sorting. 9. The nethod of claim6, where} FEBRIJARY 2008t
antibody is conjugated to a magneti c mcrobead. 10. The nethod of claim?9,
wherein said T cell is sel e 1 118G ad I g - -26 S
FEBRUARY 2007 11. The ‘oot ho Eof C]g:%,rghgﬁ é‘f:ceer“e‘?!h ag d"%%tdlléxzér?léfs i ncubat ed
with said sanple for 1 to 7mia§/ssela:2eo ﬂhﬂti@ﬂ@c@ﬁ:sﬁi@bfﬁﬂé MBI ei n said
antigen is incubated with sald sz;’x\l};pM for less than 1 day. 13. The nethod
of claim 12, wherein said ant? e%é&ﬁé’-ﬁ%@nwwrw 1§ SE9RAPIE “for | ess
than 16 hours. 14. The neth 1Pk ¢l icncubat ed
wth said sanple for |ess t%ﬁagjeig ﬂjlolg%é%u é@] %QO* ogﬁeﬂ%&%ﬁgﬁngs
wherein said-antigen is incUbatleaddl1ih; sdi d sarrpl e for | ess than 8 hours.
16. 'Me nethod of claim 15, wherein said antigen is incubated with said
sanple for less than 4 hours,,d/ 2 m 16, wherein said
antigen is incubated wn(ltag sZ’.” 2k dﬁ]%?]dr%RJlgqggéTghggn 2 hours. 1 S. AT cell
i solated by the nethod of claim11. 19. The nmethod of claim 1l wherein said
~isolated T cells ape Thetmeod bY2laim 2¢ @lrdrer &mpisG AR Atz I fugeeof . 20. A
met hod for quantifying the nunber of T cells in"a sarrprge wherein said T
cells are spe%ﬁ“f’F%f“f’?) ceiheselsciefpR Befi gens of interest, conprising: (a) °

i ncubating a sanpl r|S|n S Wt or a derivative
thereof; (b) sel ecﬁ gr%‘rtg Ffeaglé‘mtgp"l‘ﬂ E‘”g‘ﬁ 3193&8183“‘8? d?rsﬁ?sg first
mar kers sel ectpﬁﬂuégdodyth@ﬁcgb@upcm@n@l &tiong of CD69, CD4, CD25, CD36 and

HLADR and one or nore second markers selected fromthe group consisting of
| L-2 | FNy and TNFa41% methed for isolating a mucleic acid encoding a T cell receptor, ora

portion therenf, wherein said T cell receptor is specific for 2n antigen of interest,

comprising:
(2) incubating a samiple cornprising T cells with szid antigen;
(®) selecting one or more T cells that express one or more first

markers selected from the group consisting of CD69, CD4,
CD25, CD36 and HLADR ané one or more second markess
selected from the group consisting of IL-2 IFNy and TNFa ILS
JL-10 and I-13; and '
(c) zmplifying szid nucieic ac:d encoding 2 T ccll receptor froma
T cell isclated by siep (b) using at Jeast one first primer spec;ﬁc
for the vanable region of the T cell receptor gene and a second '
primer specific for the constant re cxon of the T cel receptor
gene.

25. A method for isolafing one or piore pucleic zcics encoding ong oy more T
cell receptors, qr.a portion therect, V-'hereiﬁ s2id one or more T cell Yecepiors are
specific for ope or more antigens of interest, compsising:

(a) cubating 2 semple ccmpn'sing T cells with said ope or mose
aniigens;

(b) selecting one or miore T cels that express one or move first
markers selected tom the group consisting of CE69, CD4,
CDZ5, CD36 znd H1.ADR and one or more second markers
selected from the g_rcﬁp consisting of IL-2 TFNy and TNFa IL5

71.-10 and IL-13; and
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| L-10 and IL-13; and (c) determning the nunber of T cells selected by step
(b). 21. A nethod for producing a conposition for the tB&&BREARY3P07an
aut oi nmune disease in a patient, conprising: (a) incubating a sanple
derived fromsaid patient conprising T cells with one or nore autoantigens;
-27 8 FEBRUARY 2007 (b) (8el eghplfgingR&d Ghe G‘Q{ﬂere-ﬁuﬁﬁlda%ldsl&ﬂ&oaeﬁ@dxﬁfo‘i one or
more first markers selectéd from the. group _consi stin c4, CD25,
CD36 and 1-1.LF.DR and one or“ﬁﬁ?gmébéﬁﬁﬂnﬁﬁ??'%?ék‘%gﬁé%Wkﬁq?@%HﬁP%g group
consisting of)L-2 | FNn and Tl\ﬁEQstlmse ﬂ%s%ﬁ@er%?%xﬁ&f&%ae %.@Qb)@%rqbﬁaﬁﬁ«k yating
said autoreactive T cells. 22. The net claim 21 further conprising .
expandi ng the nunber aut or eacdli eecphrgeld zsmsesh«amtﬂe:dunem sgcer fobihe cadstana
conposition for the treatnent_of afg HE q h an aut oi mmune di sease
produced by the nethod of cl af2L §F 2% %Ep T#%%od for isolating a
nucleic acid encoding a T cell receptor, or a portion thereof wherein said
T cell receptor is specific for an antigen of interest, conprising (a)

i ncubating a sanple conprising T cells with said antigen; (b) Selecting One
or nore T.cells that express one or nore first markers selected fromthe
group consisting of CD69, CD4; 03)25, 1.J136 and ii-U A-DR and one or-invoie
second marks.-s selected fromthe group consisting of IL-2 kNI, and TNFa
ILS 1i-10 and IL-13: and (c) znpli'ing said nucleic acid encoding a T cel
receptor froma T cell isolated by step (b) '"sing at |east one first
printer specific fo the Va iabie lenon of the T cell receptor gene and a
second priner speci&Sc for the constant recior, of the T cell receptor
gene. -
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25. A nmethod for isolating one or nore nucleic acids e l%jﬁlﬁﬂs off nore T
cell receptors. or a portion thereof, wherein said one or_nore cel |

recept ors WQG2008H8670 i c for One Or nore antigens of inter&sYUSERA8ng: (a)
i ncubating a sanple cemmns'ng T cells witl; said one or nore ant! tens: (b)
sel ecrng one or nore. T cel BEOUENGR LIéﬂ:NGess one or nore first markers

sel ected fromthe group consisting O CD59, CD4, CD25. CD36 and in_ADR and
ore or nore second markers selected fromthe group consisting of IL-2 | FN-"
and TNegyoblSpayhbzlc186¢ JelméBicigd 8 FEBRUARY 2007 (c) anplifying said one
or nore nucleic acids encoding one or nore T cell-receptors fromT cells

i sol ated by Gresxp Fi@rmuséutgcals Iheast one first primer specific for the

vari able region of the T <cell receptor gene and a second priner specific
for the const&ng ‘Pé‘@f“br? of the T cell receptor gene. -29 8 FEBRUARY 2007
WD 2004/ 015070 PCT/ 13S2003/ 024548 SEQUENCE LI STING <110> Bayl or Col | ege of
Medi ci ne Opexa Pharmaceuticals Inc. Zhang, Jingw Z <120> Isolation and

| dent i ¥izvat | Divlatioh €ed |BlenkilS02t 243888 660G8 <150> US 60/ 402, 521 <151>
2002-08-08 <160> 6 <170> Patentln version 3.1 <210> 1 <211> 17 <212> PRT
<213> Artificial

<130> 213838-00068

<150> US 60/402,521

<151> 2002-08-08

<160> 6

<170> PatentIn version 3.1

<210> 1
211> 17
<212> PRT

<213> Artificial

<220>
<221> PEPTIDE
<222> (1)..(17)

<223> amino acids 110 to 126 of human myelin basic protein

<400> 1

Glu Asn Pro Val Val His Phe Phe Lys Asn Ile Val Thr Pro Arg Thr
1 5 10 15



<220> <221> PEPTIDE <222> (1)..(17) <223> amino acids 110 to 126 of hunman
myelin basic protein <400> 1 Gu Asn Pro Val Val H s PhEERNEARY200Ash || e
Val Thr Pr®Oe0§4a15670 1 5 10 15 1 8 FEBRUARY 2007 WO 200RCDUSDIH024548

PCT/ US2003/ 024548 Pro <210> 2 <211> 20 <212> PRT <213> Artificial <220>
<221> REPTIDE <222> (1)..(20) <223> amno acids 167 to 186 of human nylelin
basic protein <400> 2 Ser Lys Ile Phe Lys Leu Ay Gy Arg Asp Ser Arg Ser
Gy Ser Pro 15 10 15 Mt Ala Arg Arg 20 <210> 3 <211> 20 <212> PRT

<213> A«Bificial <220> <221> PEPTIDE <222> (1)..(20) <223> am no acids 31
to 50 ¥ hurfan nyelin proteolipid protein <400> 3

<211> 20

<212> PRT

<213> Artificial

<220>
<221> PEPTIDE
<222> (1)..(20)

<223> amino acids 167 to 186 of human mylelin basic protein

<400> 2
Ser Lys Ile Phe Lys Leu Gly Gly Arg Asp Ser Arg Ser Gly Ser Pro
1 5 10 15

Met Ala Arg Arg
20

<210> 3

<211> 20

<212> PRT

<213> Artificial

<220>
<221> PEPTIDE
<222> (1)..(20)

<223> amino acids 31 to 50 of human myelin proteolipid protein

<400> 3

Leu Phe Cys Gly Cys Gly His Glu Ala Leu Thr Gly Thr Glu Lys Leu
1 5 10 15



Leu Phe Cys Ay Cys Ay Hs Gu Ala Leu Thr Ay Thr ﬂﬁgﬁ«dﬁ%‘{' 5 10 15
IIe

2 8 FEBRUARY 2007 WD 2004/ 015070 PCT/ US2003/ 024548 #7
<210> 4 <MWO20UP15091>> PRT <213> Artificial <220> <22F 3lf%‘)(5“§222>
(1)..(20) <223> amino acids 181 to 200 of human nyelin pr ot eolipid protein
<400> HeTEpa Thr T Cys G n Ser Ile Ala Phe Pro Ser Lys Thr Ser Ala Ser 1 5
10 15 Ile Ay S& Leu 20 <210> 5 <211> 17 <212> PRT <213> Artificial
<220> <221> PEPTIDE <222> (1)..(17) <223> amno acids 1 to 17 of hunan
nmyel i kabbgadendrocyte gl ycoprotein <400> 5 Ay An Phe Arg Val Ile Ay Pro
Arg Hs Prolle Arg Ala Leu Val 1 5 10 15 3 8 FEBRUARY 2007

<211> 20

<212> PRT

<213> Artificial

<220>
<221> PEPTIDE
<222> (1)..(20)

<223> amino acids 181 to 200 of human myelin proteolipid protein

<400> 4

: \
Trp Thr Thr Cys Gln Ser Ile Ala Phe Pro Ser Lys Thr Ser Ala Ser
1 5 10 15

Ile Gly Ser Leu
20

<210> 5

<211> 17

<212> PRT

<213> Artificial

<220>
<221> PEPTIDE
<222> (1)..(17)

<223> amino acids 1 to 17 of human myelin oligodendrocyte glycoprotein

<400> 5

Gly Gln Phe Arg Val Ile Gly Pro Arg His Pro Ile Arg Ala Leu Val
1 5 10 15



WO 2004/ 015070 PCT/ US2003/024548 Gy <210> 6 <211> 21_ <212> PRT <213>
Artificial _<220> <221> PEPTIDE <222> (1)..(21) <223> BFFRRUARY3W7:13 (o 38
of human mP&! 810 %odendr ocyte gl ycoprotein <400> 6 G uPSEIUSIOFOUES Pro
Cys Arg Ile Ser Pro Ay Lys Asn Ala Thr Gy 1 5 10 15 Mt du Val Gy Trp
20 4 Gly

<210> 6
<211> 21
<212> PRT

<213> Artificial

<220>
<221> PEPTIDE
<222> (1)..(21)

<223> amino acids 18 to 38 of human myelin oligodendrocyte glycoprotein

<400> 6
Glu Val Glu Leu Pro Cys Arg Ile Ser Pro Gly Lys Asn Ala Thr Gly
1 5 10 15

Met Glu Val Gly Trp
20





