WO 2012/ 162620PCT/ US2012/ 039605 MODULATED | MMUNODOM NANCE THERAPY RELATED
APPLI CATI ONS [0001] This application is related to provisional

appl i cat iwo 201286263eri al No. 61/490, 505, filed on May 26pCc2ak)12tbEsozont ent s
of which are hereby incorporated by reference in its entirety. BACKGROUND
OF THE | NVENTI ON [ 0002] The present invention relates to a novel

t herapeutic for cancer, chronic infections, autoi mune di seases, and
transpl antati on based upon the nodification of the i nmunodom nance hierarch
by therapeutic mani pul ati on of cellular honeostasis. [ 0003] The

clinical management OANKTED MMESODOMINANGE THERARPY origin and, for
the nost part, depends upon stage of the disease (i.e., how far the tunor

has invaded |l ocally or spread to other organs by netastasis). Surgery
and/or | ocalized radi otherapy are generally the treatnment of choice for the

primary tunor w th chenot her ggy, A fBBOCPENAATBONSOdY or cytokine therapy or
whol e body irradiation being treatnment for netastatic di sease. Recently,

the first d?@ﬂﬁ}'_] ';"r[gl?]s aﬁ)‘f)hil:atwﬁqg fHited E{ e}%\é?%@g)%abéﬁzgcﬂ%r@gegeﬁa? HOPEP/ﬁéé‘TS@S,

cancer with a th'progression nosis I's sti ased upon

hi st ol ddecoaNalyyP$i 201df tHelventehpd whidbdre helehy invargoeated by eefeonetinies st andar d
if they will be helpful in the selection of a drug (e.g., Herceptin).
HoweverrMf%ating a profile of the i mune response has not been done on a
routine clinical basis. [ 0004] The environnent in which a T cell sees
an antigen during the primary i mune response determ nes the nature of
subsequent recal |l response. BIM&KGROUND QleEdgANMEWII@NeNnt and

m croenvi ronment around that primary cell can result in many outcones. |f

t he anti gen [0802)rIds endsent ibyendionoeiptes feesso\@htierapP@ic fomkyncar,shheet of t he

epi topes. may be r.el eased durin rocessi.n | f a costinmulatory.signal such
e DB A B g o a4t G Set i BBBREMHg on ¢ he
M cr oenminuABaRAtnandcerhrd@lyl thé@yelicih i aNAdAt & enbigr Forh@BMksat ory T cell, a
T hel per cell secreting Thl" cytokine (driving nore of a cellular immune

response with (grol iferation of CD8+ CTL effectors) or a T hel per cell
secr et i ng THOO@G}Tdrichaicplanpnsgagenionicanger isgpesific Serimek sipamriss? and fo3be 05

most part, depends upon stage of the disease (i.e., how far the tumor has invaded locally or
spread to other organs by metastasis). Surgery and/or localized radiotherapy are generally the
treatment of choice for the primary tumor with chemotherapy, monoclonal antibody or cytokine
therapy or whole body irradiation being treatment for metastatic disease. Recently, the first
dendritic cell therapy, Provenge, was approved for Prostate cancer with a 4-month progression
benefit. Diagnosis is still based upon histologic analysis of the biopsy. Molecular markers are
sometimes standard if they will be helpful in the selection of a drug (e.g., Herceptin). However,

creating a profile of the immune response has not been done on a routine clinical basis.

[0004] The environment in which a T cell sees an antigen during the primary immune
response determines the nature of subsequent recall response. The initial recognition event and
microenvironment around that primary cell can result in many outcomes. If the antigen is
presented by a nonprofessional APC, only a subset of the epitopes may be released during
processing. If a costimulatory signal such as CD28 or TNF is missing, the T cells may be
anergized. Depending on the microenvironment, the T cell may differentiate into a regulatory T
cell, a T helper cell secreting Th1 cytokine (driving more of a cellular immune response with

proliferation of CD8" CTL effectors) or a T helper cell secreting Th2 cytokine (driving more of
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a hunoral inmune response with proliferation and maturation of B cells and
anti body production). In addition, the i mune response will evolve such
that T cewbD=or¥spaendi ng to certain epitopes of an anti geQTAS2€IR08%DH
antigens in the mlieu will grow at the expense of T cells in the
popul ati on which are reactive with other epitopes or antigens in the
mlieu. Because of exponential cell growh, as the prinmary inmne response
subsides, the ratio of these T cells is further accentuated and stored in
the formof menory such that upon secondary stimulation, the imune
r espons@uMdriliimntidtredpBRIWY Bl BlolifGad RCRIGHataA BN SIBldel1§ h‘rﬂﬁﬁiﬂb@ﬁy the
possi bl e epitopes. Wiile there are nmultiple nmechanisns at work, as an
oper at ipredugtiei®l In addetion, gl ltrmmacspgnw@lﬁwom demmaif@eklmsmmgdpi on are
those r eﬁ;ﬁg redftog[%s o?at hr?tl ee Iotr %Qr%sm grrltl ae?lgll e m1 1eu throoms tttﬁe dor@n@eae[fef the
i mrune respons e %) res Shde! Mney v at'e g ng out at
the expense thé p@mﬂatBnc\eﬁlbls aﬂeesmnelmm dtlﬁbr%phdiwmomaﬂﬁi eepﬁﬂ meesmemdsecalme to
menory, dom nate subse%uent i mrune responses. 1 Over a perlod of
days afof expoalepe%e% '2EOV thmasribe Blgk@ﬁefrﬂfrmlwtree@eée aRsigdat |t1@f'erﬁ io of thers h&pls
Popul al el acke ik af £SBRATH B8 tbfin B hleMlo S AUTRG o LecdABI 3R ERIROPES
is generate ese etermne the nature o sponse 10 that
ant i genhd Mﬁnmm‘reqmnsé/\hrnthm thktencﬁvaiuel istfibduisqad ﬁn b yipels smsetc@thSpossmd)d ved, the
wor ki ng nodel _associ at ed th thls |nvent| i s that ells
r espondPHePY oW Hle s ane tiglgimpspaniyRs Bhgotont %%era&we.%ﬁ%g ﬂ@f‘rﬁﬁﬁ%ﬁbatas
respon%,:%\e olt t%%ohﬁnz(t@tlﬁ po@%i‘ion Iﬂé]thos-gﬁgs&oﬁflﬁ tQ %e tb}?&@r%ﬁtlé@lg %‘ich THLY,

, ‘a cellular or nor a esponse results.
Howev ercomiefto tihlem'ﬁtecthb liremiune tdspo@erﬁnnhmpnmawhanurmrrewoeses tippraes giovengowel | s

(e.9., Treq, TH17. anergjzed T cells), tolerance is uced. T cells

s pondi 16 Sxach BE6R bl EmeiyBaLe Shuobiurl Aufhentisl SohE Bimhat SRt i on
of T celbgqi@spandhdespénsthe dom nant anti gens. [ 0006] In the case of
cancer, chronic or latent infections, the local antigen
processing/presenting and costinul atory environment inpacts the primary

i mrune r espdAeS1tQyer RecdehPIdYs alipi 4 PRI SIRAURGhEStephiarsTsees PR aRiEEePohse t o

t he do S ed towards
tol er anoniin O RERor Dot iBhe 0 o LM ETLLAYE SREHind (BRAPEEC Lonee.
Due t o gahérhted and ers¢ M calld dgamins Heeaasirdof tha desposdeitotaatimtigen (Kdv2teand

cyt oki nesq)lfe this could be accentuated in organs where dendritic cells (DCs)
are not" bilethsicaia Meipla Arryehcehs dvohtednie verkiae mysel3ssogipted & 1thHBISphody
surfac ant

anti geﬁ%ﬁgﬁéﬁsﬁ%ﬁ%ﬁ&% PR B P e st iy e T RPEET ous
agents gw\eaueasarnspomeﬂwhp(@ﬁm @bl THRErE, Wiolbbulnshahodr, 631 7.0H2X, or a

t Al t. t t
om0 A1 TGk AT CEORPRE LTS L ERL OO 0 Lo,
aut oi “'Ih’é'dldrﬂm@ﬁ‘t%ﬁhﬂ&@ﬁfé shgﬂ)l%gs@&@?c&%% h@eé)r"[c}he?n aff ﬁz@&TQ’éﬁ@)eW}‘&a&fe a
|

chronic or latent virus leading to a response (even chronlcally to weak
subdoniinadtcedniicgBnepporig te sabdominhntiapligerassoeycavhdmed bl the elagds wi t h

aut oi nmuni t QD 4at 4 t he Ieads to rel ease of other

ant i ger?gpl\}\%ﬁg?leoﬁeelpsr %mglﬁllg he doﬁ}lgarﬁ&g{a% p to the T cells responsive to
t he organ, causing autoi m"runlty After the dom nance hierarchy is

est abl i shed [0006] e ther das@bcaneapeisgic anthieg iinft@rtape dhbjocakamigyn t he i rmune
systemin the patient will effectively replicate the sane response each
time t rpéoc‘émnilgjeﬁesq%lngraa% gpittimulatory e[fweewlemmn@ﬁ@térwr}% HEYIES BASRSCAPai nst

a dom e

(vl per e 1oy bR E A PO T SRR R &P BB FRIAPERy can
be somemfeatiouslagend.is Fadanded séveardetolaehcetor mgeftectied ﬂeepmrsﬂ gatH’eraleaAnl a p@sgonses

agai nst dom nant | can lL.ead.to the a ance i ously

undet eéf ﬁP&rqSB%‘ﬁBrﬁ‘ge g‘g ?f&flceé&%%}ﬁeﬁé)ﬁ?ceé%i% 6&@%03{1% tlag,(%g%( Pég et al.
1997, ARKARES ks SR1€be cenRBR)in 0Fald Lvaéﬂexaenahem@ls (OEspard@pi Mant sequence
in an epltope "does not elimnate the response to the antigen but rather

r esul t grévalenhentlpes prosestprgneils ¢AROs)andike drediogy tsorfacep mdagieold€'laye diabdomni nant
epitope (Allan JE and Doherty PC 1985, Mylin LMet al. 2000). SUMVARY OF
THE | NVENTI ON [ 0008] The present pnvention relates to a novel

t herapeutic for cancer, chronic infections, autoimune diseases, and
transpl antati on based upon the nodification of the i nmunodom nance hierarch
by therapeutic mani pul ati on of cellular honeostasis. [ 0009] Di scl osed
is a novel approach to rebal ance the i mmune response to antigens to provide
significant therapeutic benefit in, anong others, cancer, chronic and

I at ent i nfecti on, aut oi munity and transpl antation. By generating inmune

o e o



WO 2012/ 162620PCT/ US2012/ 039605 benefit. It can change the bal ance of the

i nmune response before or after a prior immune response has occurred to the
anti gen owoevenepd20t here i s one ongoi ng. [ 0010] TireTAISRGIRMBISHHIVENt i on
features a nethod conprising identifying a dom nant antigen or epitope and
a subdom nant antigen or epitope in a patient sanple, cultivating a T cel
capabl e of recogni zi ng the subdom nant antigen or epitope, and treating a
patient with an effective nunber of the T cells to alter the

i mmunodom nance hi erarchy of the patient. [ 0011] The present

I nvent ipgdloalissht hedd Al RS ABANQDS 1ifi9hls8 WeBnBIntthR thilPMAAM HLARNAS Gedhier ar chy
of a patient conprising identifying at |east one subdom nant antigen or

epi t operdafe & ipanystpEesspleenvisoment athielyisaoToptanyl fempsihing pyfmary dvgwngi ng

t he subdom nant. ant.i gen.or, epit and treating.the patient. w an
of fect 1VQONTaALe TOF VERaC seRihf ies Rl SR RHP R f ele”
[ 0012] tblBrasice™® baskRcha auto@miufi R Biidues) Sutk tdi@anciRld seisoket By thabprdigna T

cell in the absence of a dom nant antigen or epitope. In other aspects, the
i nvent i% A chignirlatephyirysdeasling fiota iggponpry(cxenrchyanicaliy,to yieakpyBdereidanfr presence
of age t ri I T : [:Me

agents g R e/ e f HIPLREENIRs beR B i LESRIARNE e Sl b iEd

ot her itanirdeaRItd selease of other §di@dRd whihe the virabapgetnsprotide helpweniid Doelfsur t her
conprises adm nistering the effective nupber of T cells via.intraderma

admi ni $8PaPT¥H the organ, Caplém&a]lfouﬂma{nﬁéﬁf’%gﬁ&f%{nﬁ% HRRY il iR
conpri SESpdth & tréﬁﬁh!s%dtrgﬁlfc%éd Gﬁ&eiﬂo}ﬁ i SRR d hﬂﬁ,tﬁ@%{lfen{ ﬁilf educe the
nunber of endgbe ous T cells prior totreating the patient wth the

cul ti vattedivElxeplisate Tesame mekipphseraaply timgeahdt amgman freprednt. is not limted to, a
chenot herapeutic agent. [0015] In sone aspects, the T cell is provided ex
vivo froma jent. . . 0016] The.subdom nant .anti gen or. subdom nant
opi tope 1's. DA ongeine immulsbgRheoint f R Ra taiBh 4 Rafhiof 1oy

hunor alredpdANS als@Bb@MBENt pitBHE (WSlpes FH] BZOKedIRMMY3IHahedbammcat a | ow

| evel . Alternatively, the subdom nant antigen or subdom nant egitope is an
ant i gerulgongppicsecrpighy caybkesnevhageHiids Foionetprgee deleting ermilaecingdis6lse t han

that Ofres%ogé%giagzﬁﬂgt aacﬂ%.hgﬁﬂ eBirtope can lead to the appearance of a previously undetectable
response against subdominant epitopes (Van derMost RG et al. 1997, Andreansky SS et al.

2005). Similarly, removal of a dominant sequence in an epitope does not eliminate the response
to the antigen but rather results in the host responding more strongly to a previously

subdominant epitope (Allan JE and Doherty PC 1985, Mylin LM et al. 2000).
SUMMARY OF THE INVENTION

[0008] The present invention relates to a novel therapeutic for cancer, chronic
infections, autoimmune diseases, and transplantation based upon the modification of the

immunodominance hierarch by therapeutic manipulation of cellular homeostasis.

[0009] Disclosed is a novel approach to rebalance the immune response to antigens to
provide significant therapeutic benefit in, among others, cancer, chronic and latent infection,
autoimmunity and transplantation. By generating immune responses to subdominant epitopes
and subdominant antigens in a controlled microenvironment, the invention fundamentally

changes the nature of the immune response to the disease to one that provides therapeutic



WD 2012/ 162620PCT/ US2012/ 039605 dom nant epitope. The subdom nant anti gen
is, for exanple, a viral antigen, a fungal antigen, a bacterial antigen, a
par asiti cwanbixgene20a prion antigen, a tunor antigen, or Pam/UBRM12889%05
associated with autoimmunity, allergy, inflammuation, organ transpl ant
rejection, or graft versus host disease. The viral antigen is, for exanple,
a chronic or latent viral antigen. The viral antigen is be from EBV, HPV,
HSV, VZV, Hepatitis B, Hepatitis C, HV, HTLV, CW, RSV, or influenza. The
tunor antigen is, for exanple, a tunor-associated antigen, a tunor specific
ant i gemendit. RRaRMdnge heansRet 8t @ iluie 6APERE RIGELESIdrS RlorTRbRaE asi s.
[0017] The present invention also features nmethods for identifying a

domi nanespanse e ecanredp thepmtigaripeves iSthborpraengod i gen or epitope in a
patient sanple, cultivating a T cell capable of recognizing the subdom nant

antigen or } e|

treating a 32?%@@?1‘3&%%&&}69%“? %r;}u\?/rgé %lr}{r?%lé)? D S%%qé/%fﬂlg doqu?ﬁr t he

[ mrunodﬁﬁ'gmce@lthpeearﬁirecmwmlﬂahmmgbn eﬂépltotphem ebytldnmdampla,g:uﬂwaahgladeceiun t he
patient for treatment or prevention of an autoi mune disease, allergy,

i nf | amfaRIEMOT T§F Az IRg ﬁ‘ﬁs%‘l’%ﬂ’im&ﬁlilt&ﬁtlg%] U EPitepe: 2B¢ tr@fflta“fgta RAstea{¥ith ag ¢

di Seasgsrective nuphthd blne TRIRES SRR nd AYRAIIRMAROLRBLI SSnEBhARMS for
identifying a domnant antigen or epitope an om nant antigen or
epitope in a patient sanple, cultivating a T cell capabl e of recogni zing

t he subdoni r{aﬁhlllélﬂueipg@nntdm@mion@be,fems eiethadk éorplteghg thesmamumed poimeineee T
cell, and t atient th. an ective nu said T cell to

i ter drrchnaho AR EeR e s R e et pAHTIR BBy O Srialt I o

Cyt ot OXpafertRAMPR, EQEPAMSQ T Bell EipabRlof B hi®ingtthEAABRMINATL alc@N BREpiRIpeOf an
infection or cancer. The infection is, for exanple, a bacterial, viral,

par asi ahé tregtinggthe pptidny fébrancifective number phpeg Ticallniyprovide Hsrapsutiobinest. t he
present invention, treatnment or prevention of a disease, infection, cancer,
or nedi cal t e one
oyrpt om of 3001 3ink AEiels e B eFb R0, Ol R LREOR, PRl BRBE 20201
benef i tabsemed vfledominynedntigun at ¢potope dneithdr asm@cispthe inveptioy &reiet corppréseent i on,

or treatpent of at | east one synptom of a di sease, infectjon, cancer, or
medi calcUEAERS # §cell fipEempsqne ob presecp of pgents that gnzich sprpressins| keeglls 08 bi ood
sanpl €. Wi ¢0F2L 16 %ﬁgﬁg‘gﬁﬁl@g(ﬂé{l&g %%e not limitéPP2 %Jow-ﬁlﬂ Fackdr§ $eRhohddVENt i ON
al so features a nethod further conprising re-profiffng of the patleni by
assayi mghel onmane o¢llsr ance or hunoral or cellular i nmune response in response
to the subdom nant antigen or epitope to determne if the therapy
successful | %Oéfﬁel‘l anced the [

n SOME aspects, tlhe VRO REREr & comprises administering the effective

number of T cells via intradermal administration.

[0014] In other aspects, the invention further comprises pre-treating the patient with a
conditioning agent to reduce the number of endogenous T cells prior to treating the patient with
the cultivated T cells. The conditioning agent can be, but is not limited to, a chemotherapeutic

agent.
[0015] In some aspects, the T cell is provided ex vivo from a patient.

[0016] The subdominant antigen or subdominant epitope is, for example, an antigen or
epitope to which a cellular or humoral immune response is not detectable or is only detectable
at a low level. Alternatively, the subdominant antigen or subdominant epitope is an antigen or

epitope that evokes a weaker tolerance or immune response than that of a dominant antigen or
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[ 0022] Unl ess otherw se defined, all technical and scientific terns used
herein have the sane neaning as commonly understood by one of ordinary
skill in wbeormrts2620 whi ch this invention pertains. Al theoghuSee2iosues and
materials simlar or equivalent to those described herein can be used in
the practice of the present invention, suitable nethods and materials are
descri bed below. Al publications, patent applications, patents, and other
ref erences nentioned herein are expressly incorporated by reference in
their entirety. In cases of conflict, the present specification, including
def i ni tdoBfSant WhikdpeCPRYE §BomidAnpsdigth &) forteRE8mPRL &K 1rAl hiigSEaTafS: a n, a
exanpl es describéd herein are illustrative only and are not intended to be
| i miti rgeterial antip@paPprasitisantigernopries anvigena d vemeragéigenior phentigppanticteda | |

be appar.ent f.rom and .enco ssed.by the fol l.owi ng detailed description and
o ai me B o e U st e e ety PP R SRR Qe
[ 0024] dide@ser Ehe didal ahBg@nid, besdiople thehrsmEis Ul tasendlirdl dnligén. TRk &agLaiesRA%.

[0025] Figure 2 shows the results of a 51Cr rel ease assay. [ 0026]
Fi gur ede3RmaREV3BIPSh &Y ¥-heLY eHepatisis & H&pstn@rC,rIéWe&%L%,s@@, RSVg@9Fe 3C shows

th - fovi ' - - LEN7 i |
roasur oy e subARBs b gL bt G tiSARIRiah HBPRURIAY PP TS
a 51Cr angf@asecarasg@yn afOO0RAR WtlgemeerStahowds @ maagssisitodel of chronic
hepatitis B.

[0017] The present invention also features methods for identifying a dominant antigen
or epitope and/or a subdominant antigen or epitope in a patient sample, cultivating a T cell
capable of recognizing the subdominant antigen or epitope, wherein the T cell is a suppressive
T cell, and treating a patient with an effective number of said T cell to alter the
immunodominance hierarchy of the patient, thereby inducing tolerance in the patient for
treatment or prevention of an autoimmune disease, allergy, inflammation, organ transplantation

rejection, or graft versus host disease.

[0018] The present invention also features methods for identifying a dominant antigen
or epitope and/or a subdominant antigen or epitope in a patient sample, cultivating a T cell
capable of recognizing the subdominant antigen or epitope, wherein the T cell is a responsive T
cell, and treating a patient with an effective number of said T cell to alter the
immunodominance hierarchy of the patient, thereby inducing a cytotoxic immune response in
the patient for treatment or prevention of an infection or cancer. The infection is, for example, a

bacterial, viral, parasitic, or prion infection.

[0019] In any of the methods of the present invention, treatment or prevention of a
disease, infection, cancer, or medical condition includes alleviating or ameliorating at least one
symptom of a disease, infection, cancer, or medical condition. Therapeutic benefit includes any
alleviation, amerlioration, improvement, prevention, or treatment of at least one symptom of a

disease, infection, cancer, or medical condition.

[0020] In some aspects, the patient sample is a blood sample.



[ 0030] Figure 10 shows treatnment of the nouse nodel. [0031] Figure 11 shows
T cell responses to HBs and HBc. [0032] Figure 12 and 13 show responses by
met hod ofwadmiziecgdznat i on. [ 0033] Figure 14 shows a hi er aCTlus2@R/039%05 gens.

[ 0034] Figure 15 shows responses by ICS. [0035] Figure 16 shows a hierarchy
of antigens. [ 0036] Figure 17 shows inmune response follow ng an
acute flair, then clearance of hepatitis. [0037] Figure 18 shows a

hi erarchy of antigens follow ng the clearance. [0038] Figure 19 shows that
the T cells conpletely resolved the patient's Hepatocellular carcinom

(before treghoBNtThe pr&bhtinfentBekioReatret BRI furthéitdiprisln@A3Pothipusre 20
shows antigens presént in a patient's tunor. [0040] Figure 21 shows cells

r espondhqppticat bihassaynERDatolgrancgenhumoral or defolal jmippgeesp@Be ghipagoraatd gens

present, after therapy in accordance wth-th resent inyention. 042]
Fi gur o o Rl R b B SRR PO R T RARLE b AP lheed BRYEL o
Fi gur e idhung répbidsescan from before and after T cell therapy in accordance

with the present invention.

[0022] Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention pertains. Although methods and materials similar or equivalent to those described
herein can be used in the practice of the present invention, suitable methods and materials are
described below. All publications, patent applications, patents, and other references mentioned
herein are expressly incorporated by reference in their entirety. In cases of conflict, the present
specification, including definitions, will control. In addition, the materials, methods, and
examples described herein are illustrative only and are not intended to be limiting.

[0023] Other features and advantages of the invention will be apparent from and

encompassed by the following detailed description and claims.



WO 2012/ 162620PCT/ US2012/ 039605 [ 0044] Figure 25 shows post treatnent
survival, progression free. [0045] Figure 26 shows a conparison of therapy
by the prweent2/iemszenti on and Rituxan + CHOP. [0046] Fi geCe/udZ012/089%85 a
characterization of the T cells adm nistered to the animals. [0047] Figure
28 shows clinical disease scores for trial mce. [0048] Figure 29 shows the

I nci dence of arthritis in trial mce. [ 0049] Figures 30A, 30B and 30C
show t he hi stopat hology of a normal rat, a rat imunized with human
proteogl ycan and a rat treated with T cells. [0050] Figure 31 is a

schematic of a bioreact ggrRfEFDESERWTION OE TEE FRQYREK t he present
I nventi on.

[0024] Figures 1A, 1B and 1C show the results of a S1Cr release assay.

[0025] Figure 2 shows the results of a >'Cr release assay.

[0026] Figures 3A and 3B show the results of a °'Cr release assay. Figure 3C shows the
percentage of viable APCs.

[0027] Figure 4 shows IFNY producing cells measured by Elispot.

[0028] Figures 5, 6A, 6B, 7 and 8 show the results of a SICr release assay.
[0029] Figure 9 shows a mouse model of chronic hepatitis B.

[0030] Figure 10 shows treatment of the mouse model.

[0031] Figure 11 shows T cell responses to HBs and HBc.

[0032] Figure 12 and 13 show responses by method of administration.
[0033] Figure 14 shows a hierarchy of antigens.

[0034] Figure 15 shows responses by ICS.

[0035] Figure 16 shows a hierarchy of antigens.

[0036] Figure 17 shows immune response following an acute flair, then clearance of
hepatitis.

[0037] Figure 18 shows a hierarchy of antigens following the clearance.

[0038] Figure 19 shows that the T cells completely resolved the patient’s

Hepatocellular carcinoma (before treatment — left; 8 weeks post-therapy — right).
[0039] Figure 20 shows antigens present in a patient’s tumor.

[0040] Figure 21 shows cells responding to the NY-ESO-1 antigen.

[0041] Figure 22 shows antigens present after therapy in accordance with the present
invention.

[0042] Figure 23 shows the rebalancing of immunodominance hierarchy.

[0043] Figure 24 is a CT scan from before and after T cell therapy in accordance with

the present invention.



WD 2012/ 162620PCT/ US2012/ 039605 DETAI LED DESCRI PTION A. Definitions

[ 0051] The term "anti body" is used in the broadest sense and specifically
covers huwanpizeee2human (e.g., nurine) and hunmani zed nomroTiuse@k/03gsds bodi es
(including full |ength nonoclonal antibodies), polyclonal antibodies,

mul ti-specific antibodies (e.g., bispecific antibodies), and anti body
fragments so long as they exhibit the desired biological activity.

[ 0052] The term "antigen," refers to a compound, conposition, or substance
that can stinulate the production of antibodies or a T cell response in an

ani mal , i nclipgi4) FiEREPIShdWw PRt trBRmed! RiriiRhieplogrksQbn absor bed into an
animal. An antigen reacts with the products of specific hunoral or cellular

muni ty, i nga45YiFgLrt RO SRow NHMGRAhRYN BEIREQY BYAMS pilc NI HRGRASH anthRith:&hM
"anti gefjopncl udes all related antigenic epitopes. [ 0053] "Antigen
presenting cells" or "APCs" are cells of the i mune system used for

{i L o oo ,
present 1 ng ‘1‘0664&633{?%%? 27 sﬁcﬁb{ég}ﬁﬁ%f)?@ ,Ufjt%e @le&ﬂF h&ﬁlﬁtﬁéileh %%th%ﬂﬂﬁ%f%.;s T

macr ophages, zone mcroglia, Langerhans ce

O 2" R 228 e BRLLAUSE B R r eno, (2009) Eur. 9.,
"aut oi mmune ﬁ&ﬂﬂl6%%???§£0&$%%§¥%%¥§g8€%ﬁﬁ%§ﬁﬁHﬂﬁ &Ls to a set of

sust ai ned ngan-s or éynp ons and signs associ at ed

quant 1t at 1 va O SRR PR e TR R By & p P B e

di seaséempdainielt @@ih hndiBitblebgllesh 88l 2Arat €&déd with Tedeliber structural or
functi onal damage i nduced by the autoi mune response. Autoi mmune di seases

are characterized by hunoral (e.g.., antibody-nediated), cellular (e.g.
cytotoxi c T PYAMkaeye 81 irirchewanc olp bl&“‘@éﬁ%}l‘ﬁa“tsi? yithghe thetapyy ﬁkespr%&en? mune
responsgsatign epi topes on sel f-antigens. The i mune system of the affected
i ndi vi uaP activates inflammatory cascades ained at cells and tissues
presenting those specific self-antigens. The destruction of the antigen,
tissue, cell type or organ attacked gives rise to the synptons of the

di sease. WD 2012/ 162620PCT/ US2012/ 039605 [ 0055] The term "cancer™
refers to a disease or disorder that is characterized by unregul ated cel
growt h. Exanpl es of cancer include, but are not limted to, carcinona,

| ynphoma, bl astoma and sarcoma. Exanpl es of specific cancers include, but
are not limted to, lung cancer, colon cancer, breast cancer, testicular

cancer, stomach cancer, pancreatic cancer, ovarian cancer, |iver cancer,
bl adder cancer, colorectal cancer, and prostate cancer. Additional cancers
known to those of skill in the art are al so contenpl at ed.



[ 0056] "Dom nant antigen" or "dom nant epitope" refers to an antigen or

epi tope that evokes a strong tol erance or i nmune response, which may be
char act erwoedidng262he presence of T cells specific for tiraT/sra128H8960Dr
epitope in an anmount greater than about 70% of the total nunber of
responding T cells. [ 0057] The term "epitope" refers to a set of

am no acid residues that is involved in recognition by a particul ar

i mmunogl obulin, or in the context of T cells, those residues necessary for
recognition by T cell receptor proteins and/or Major Hi stoconpatibility
Conpl ex (MHC) receptors. In aopTANUWIS CR&tEPT$ONti ng, in vitro or in vivo,
an epitope is the collective features of a nolecule, such as prinmary,
secondary and tertiary peptide structure, and charge, that together forma
site recogniDedditisan i nmmunogl obulin, T cell receptor or HLA nol ecul e.

[ 0058] "Fbpatltls" refers to a nedical condition defined by the

i nfl anmati o t Y} SHEN or "HLA"
is a human EP ﬁl% téﬁncﬁggoc}y %%%gﬁa%es‘% ocorrp%?’%l ?%5&%%880@%%, %Qr(SM—IC)

pr ot ei ﬂllu(l&ﬁﬁnonehtgna,n Stg. tmmn@hnmhumaﬂimm&m}al 8iitHbokia.s (1nbh1dgg fRlildngshi ng,
Los Altos “i mmune response” refers to a
respong%owloaalcaéwﬂbgéﬁ% A%ly‘fl%%lﬁa 1%%%}%111% SR Tiesansibpdiey(q.2.- BisRegiic  or
nMoNoCcy L&iibddle a%H'aHHi)étﬁr fri%héh&esoqﬁﬁggé ﬂE@l]’ExhlBﬁ'%ler cf‘c%i?&f‘&%ld §ca§£’&ﬁz&t§r' c for a
particular an |gen "antigen-specific response”). In o%e enbodi nent, an
i mmune response is a T cel | response, such as a CD4+ response or a CD8+
response. | 0@ tTherterentrodicersntefers h@ea p@@p@n@ecmp@sit@met $ubstaggrothgiecanand

results pr 0 c ntlbo

012/ 1 89RO BESEH ) b buBoTRE S L B bR R amiiiddnelucing cpmeositons
obser vahdt@re fnfatedion abfirbel i@fo 4 dnhgle ARWAEESEn RhctPQ6HItRE frogidtt epgRcifnt i gen
fragments) in an antigen, the imune systemfocuses its response on a

i ni t edumoRer cotulagmispat. maldingrhess ipdused &y hgigralogap imayapeins. hiceiesnchy
(Sercarg, mlknCMH%?gﬁEIQQHHH@ gﬂhgﬁgﬁgﬁho!ds true for immune responses to

artificral®antigens uman vituse udi ng i nfluenza and vaccinia, and
intracel lular bacteria (Chen W5 1994, Bel ze GI et al. 2000, Chen W 2000,
Tschar ke DC[008%) Anfipen piesalting aeltsiroe “aPCstmuervetoof thamomuns sykedne nsadrfed by a

nunber of steps,. includi C.bin affinjty, efficiency, of cellu
pr oces A *’d@ﬁ%ﬁ‘ S 'g Cslgﬂpﬁg%ﬁ 1%%1%‘96!\&%%% EﬁqjﬁgX’ﬁ@%‘iyt‘*cfeglacré?%‘?geétm?rugw of
TCRs t Qoﬁ@KﬁEﬁéﬁ&llQ %’Ef&g’fﬁ%&?@%ﬂﬁﬁ@c&lﬂq VK, th‘ﬁxBeHQ(sB@Fét 4 dRSdri O%@HPMT@

followed by cellul ar i mrunoregul atory nechani sms ( Yewdel [ JW 2006, Sette A
et al. ag@(l)@grcno (2005) Eur. J. Immunol. 35:1097-1105).
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[0054] “Autoimmunity,” “autoimmune disease,” “autoimmune condition” or
“autoimmune disorder” refers to a set of sustained organ-specific or systemic clinical
symptoms and signs associated with altered immune homeostasis that is manifested by
qualitative and/or quantitative defects of expressed autoimmune repertoires. Autoimmune
disease pathology is manifested as a result of either structural or functional damage induced by
the autoimmune response. Autoimmune diseases are characterized by humoral (e.g., antibody-
mediated), cellular (e.g., cytotoxic T lymphocyte-mediated), or a combination of both types of
immune responses to epitopes on self-antigens. The immune system of the affected individual
activates inflammatory cascades aimed at cells and tissues presenting those specific self-

antigens. The destruction of the antigen, tissue, cell type or organ attacked gives rise to the

symptoms of the disease.



[0062] "Lynphocytes"” refers to a type of white book cell that is involved
in the i mune defenses of the body. There are two main types of

| ynphocytwe:20B/wwed2bs and T cel | s. [ 0063] "Maj or IFCTtUsc@apadchdi | ity
Compl ex" or "MHC' is a generic designation neant to enconpass the

hi stoconpatibility antigen systens described in different species,

i ncl udi ng the human | eukocyte antigens ("HLA"). [ 0064] " Subdom nant
antigen" or "subdom nant epitope" refers to an antigen or epitope that
evokes a weaker tolerance or imrune response than that of a dom nant

antigen or qeods)amk &Rl ¢ QR&:” refers to a HRLERIor ARBrde® iR Istch8RALABREd by efers to a
clinical intervention nmade in response to a di sease, disorder or

physi olustsigekitedoasHdire W din Enaimplee st eatictryingluga thubare not limgedto, prreinenried in a

patient. The ai f treatnent (ncludes.the.alleviati nd/ or_ pr.evention of
Syt oG R LRl LRGRRPES: P Sdlal it e YT s LIREN 2

di seaseungéanoérfleslon OancenMeHabi Afcer, (Est@RATdIRABfCer,Is@&frBdch cafcdpQidnciches edewt i C
treat ment and proPhyIactic or preventative neasures. Those in need of
t r eat NEONAIINEANGRIelivdH carces) Haddsy caicre €PIOEECHY cancel. SBA BEOSEC eANSRF Additignal

undESi%%ﬂﬁghﬁﬁie‘BQh& kﬁggmq'gﬂégh aﬂglbnéﬁ%ﬁﬂ@§e in which the di sease or

di sorder o sired physiological condition Is to be prevented. WO
2012/ 162620PCT/ US2012/ 039605 [ 0066] "Tunor" refers to all neoplastic
cel | growt h [@0FH]pDohiifisrt abtigen,” onhiddrhi@antrepitbpgianferoto anemntigen oraapitopd that

re-cancer ous and cancerous cells and tissues. 067] " -mer" refers to a
P o B et T B e LR oRP s, b FH b pcterized Py LI Preciie ey
that recQgRisgaitl & in@yh$hntdeprsRdanh auneRbiePSal HH: 76 HAR RNt one

number of responding T cells.

[0057] The term “epitope” refers to a set of amino acid residues that is involved in
recognition by a particular immunoglobulin, or in the context of T cells, those residues
necessary for recognition by T cell receptor proteins and/or Major Histocompatibility Complex
(MHC) receptors. In an immune system setting, in vitro or in vivo, an epitope is the collective
features of a molecule, such as primary, secondary and tertiary peptide structure, and charge,

that together form a site recognized by an immunoglobulin, T cell receptor or HLA molecule.

[0058] “Hepatitis” refers to a medical condition defined by the inflammation of the

liver.

[0059] “Human Leukocyte Antigen” or “HLA” is a human class I or class II Major
Histocompatibility Complex (MHC) protein (see, e.g., Stites, et al., IMMUNOLOGY, §TH
ED., Lange Publishing, Los Altos, Calif. (1994).

[0060] An “immune response” refers to a response of a cell of the immune system, such
as a B cell, T cell, or monocyte, to a stimulus. In one embodiment, the response is specific for a
particular antigen (an “antigen-specific response”). In one embodiment, an immune response is
a T cell response, such as a CD4+ response or a CD8+ response. In another embodiment, the

response is a B cell response, and results in the production of specific antibodies.
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[0068] The patient's tunor or infection is first assayed for the presence
of a panel of tunor associated, viral or other antigens. This is generally
done by iwounphicsé2ochem stry on the tunor bi opsy or FACSCIrustéie/oemee of
hemat ol ogi ¢ mal i gnanci es. The patient's tunor or infection is assayed for
the presence of a panel of tunor associated, viral or other antigens. This
is generally done by inmunohi stochem stry on the tunor biopsy or FACS in

t he case of hematol ogi ¢ malignancies. The patient's blood is drawn and
tested for both hunoral and cellular immune response to the antigens which
are present .[0J¢1g IARtUNS8NRIdaRcd itk LB ali SHALIN PROBNS BurbSniiRber dehEGIAL! € or
detectable at a |ow |l evel are proactively selected to grow T cells in

vi tro. epiteres (aiigse frigmentssinanangeewthe naynecyptemeforesss del rdspense @gpdimided o
the antigens re-infused, and the patient's blood can,be assay or the

F espondutBEor et F8an Rl R B G B B D PR RE R Eshnee can be
ef f ect ilveduinot elaladtCiRddd Buddfod hai@né Rspapesto Gtibieniedntigens, Audaprehesr ed

enbodi nment, the assays of hunoral immunity can include is not limted

de but
to an BErqlepng idkgnza gpdyagsippepidagtraseblglic hagieria ((Fen s d;994l;fBeé@ Glehal.

I muni t I Re ' \ g : ihe staining
For oyt ok R P8, Thark & DRESodh it B e BF P o AR X o
Tunor rleermiied braatuatbeaof skdfsc mkcludidpeMsibbsiatimgaffidityc efficsencgspoeitilarg (e. g. ,
CD8, CD4, Treg) can also be ass din this assay. Alternatively, {he assay
of cel IPHEFSIR ?Vtqum@r%@iwdmg PRBdas; Hiaflalilipyor e eéos%% f or

| FN7 or I ' i i | CS can assay
for | L-Cgf, @Fe%@i%ét?/%ﬁgthg%ﬁ?@%@&ﬁﬁiﬁgﬁ(@%gﬁgg\d%g mfﬂll_(l-f:v{ééﬁ?'ée% 1glfalri cul ar hel per
cel | sumsenpreghhtay nechanohhefevalelJAY AB0M, Setthd atel. 2009 i nmune profiling
assay can be Intracellular Staining (I1CS) for these or other cytokines. The

antigens te can be full, tigens ti.gens, w i.topes,deleted or
dor nant or 100 o T maRe by BBkud Sl AR hESEOK D HE BbeAE BF or mat 1 o
sof t wan@nfiab deRnys @4 thebddy Th&GE aRRWOARAR 1Yk Oh1ymHodytel: BlcdIB ah8 qedlki ent s
MHC and these epitopes are then assayed. In one enbodi nent, this software
is the WO 2012/ 162620PCT/ US2012/ 039605 Net MiCpan or the consensus epitope
i munoi nf or ¢y s Magertilstosompahiliydernpiex her ‘MH&y sk aenesa designation ngease of
epitop i ndi o . i : ntify
the. Crio sy RIEE SRR GRR MRieR RO AR Gl aRkR ARaEY e 2
ar e conix nedanietikoctyleeantigbdss(“HhA’gel | s st ai ned and FACS used to determ ne

the % of cells recognizing each tetraner. This is useful if the patient is
of a known ype, such as HLA,A2.. However, the preferred nmethod is the
211 SA Tor name SFediEet Saier 8 S ShbePar (HE cert P PESHMEe. | n
a pref gkdt@doieFaHBNblerdled ohkmanéfe8p IRP aTAURA of b ARk RitBsedlor b 00d.
Alternatively, the CTL's are generated fromthe tunor infiltrating

| ynphoaptresant Fpitdpeor from t he DTH surrounding the injection site.

[0069] DTH infiltrating | ynphocytes can be prepared by taking a 4 nm punch
bi opsy from i ] & i s I . % F . Single
cell sus penépgﬁg%&g?%ﬁ%ﬂ?eﬁu%%ﬁeﬁ%sg ﬂggf“ﬁ%}[ lr?té%ﬁ ﬁélgﬁljél%%lgr%#%s{?)a( Si gna)
and codclidehser @dontet br phykiath gada doralifie] OGRS tdABME Bitieht ¢ td Be Ipkdvehted i 2 ( Cet us)
and 10 ntg/ m_1L-7 (Peprotech, Rocky HIl, NJ). Mediumwas repl eni shed each
2- 3 daypatient. The gigpfieatrpsnt Highysies the; Hisiiabon aapiorieventioniof sYHEPORSy el &m t he

pati entd i Y -dl . : 0 Q Useq i ”»

Dt andar L S or o o P e
E. col irgfersfp dboith2heopdfd0atraatt age pphgactieorgssayeadive @rasurec flbgscaimneéd each
purifie rotein j bsorped ta.m crowe).l plates (Nunc) overnjght at 4

ogr ced! ERiBielt Bellf BrinaRau i ERoRER SaiFat SRR et A Eear PatoSb | en
ser um icgndiibhhedell Bs AR X RBP 1RNEsAddGdi {Rlerdr RAMESed BhRl SIS cidhIRonaRidgd and
goat anti-human |1 gG AP ( Sout hern Bi ot echnol ogy Assoc) is added. Plates are
washed,is forleubeteatedwi t h At t ophose substrate (JBL Bioscientific) for 25 nin,
and i nmmedi ately read (CytoFluor 2350, MIlipore). Readout is UV Absorbance.
[0071] There are two nmethods for cellular response profiling. The first

met hod i nvol ves the Enzyme-1|inked inmunosorbent spot ("ELISPOT") assay for
| FN7. Ninety-six well polyvinylidene diflouride backed plates (MIIlipore,
Bedf ord, MA) are coated with 5-15 lig/inl of anti-I1FN7 nonocl onal anti body
1-D K (MABTECH, Stockholm Sweden) at 4 degrees C overnight. The wells are
washed and bl ocked with 5% human AB serum (Val eant Pharm). WO

2012/ 162620PCT/ US2012/ 039605 5x106 PBMCs (or 5x 105 CTL's when the assay is
performed post in vitro expansion) are added per well with peptide m xes
21. 1M each from each of the antigens. Incubate overnight (18



hours) at 37 degrees C 5% CO2. Cells are discarded and the wells are washed
with PBS containing 0.05% Tween 20. 1 lig/mbiotinylated anti-IFN7

nonocl onavoantyisesty 7- B6-1 (MABTECH) is incubated for 2PCE/Usou2oH3%05r oom
tenperature followed by streptavidin conjugated al kal i ne phosphat ase
(MABTECH or Sigma Aldrich) for 2 nore hours. This is followed by a 30

m nute reaction wth 5-brono-4-chl oro-3-indolyl phosphate and nitro bl ue
tetrazoliumfromthe al k-phos substrate kit (Bio-Rad R chnmond, CA). The
spots are to be counted using a dissection mcroscope (SZ CTV d ynpus

M croscope) .[ 0@t TufRR RFGtdal &é?)&é[htsﬁéc&ﬂg@ﬁztﬂ%bﬁf’gﬁoﬁﬁ@ﬁ@tﬁeﬁ Aut oi mun
D agnosti ka, Strassberg, Germany). Each spot is cell reported as spot
fornlngmdghmgC@SE@;%&@QaﬁBWEﬁgkﬁmﬂmMH@PWKEPHAthﬁH@émﬂgéd as a positive
control; cells alone without peptide can serve as the negative control.
[0072] The 0 . i ul or | FN7
and ThEcc. 30066 -pant S s il PRrRREb g hin St AF ol PR Lot
in vitnatigetpansi on) are plated in 100 pl PBS 1% FCS 96 mell plates t oget her
with the peptides(10-5 to 10-9 Mfinal concentration) for each of the
epitopes Qr anti ens bei ng, studi ed. Af 6 hours o ubatjon in the
presence Br At fatserognivg/distisguish msgﬁﬁ%?@aﬁt%? {{ ﬁ%gora}né%?rm nA(1
lig/l mM) or Colgi Plug (BD Biosciences, San Diego, CA) (both of the latter
conponent s t[gp¢8) e dageRGHMY} &l iR 0 isl Fillasdyed WiChe bResERERPAGLAI ofel | S) ,
cells are peIIeted washed in 200 m PBS 1% F éé and then | abeled with stain
for su rtlﬁraereasammtgé rvsrat apthér anggersc €hin 1§ ganetallyclpan iy enamdolgpgchemistry on

al I oph ani n /. ( Phar Becton [)c SQ ,or 30 m nutes
2t " odli BTty Branl BT R AR Dpe BTGB R e Bent Shunlhefl | cc
with Qiﬁf@étﬁoﬂ @ﬁmp&rmfﬂwpra&naa 8 OpanieCEf @AGr m@aaﬁaaawm@r WihtPartigens. This

phycoerythrin conjugated anti-I1FN7 (0.4 iig/nl) or anti - TNFcc (0.8 iig/ml)
ant i body2qmPrakyrAoRg &R ImBaaestophekis iy ohhe trmer biepssordrACS metewaseld, fixed

and re 9 o I er and
a0, 1 eUAIEISAD il RESCL EGR A, BEG) R B0, BT ACSRT LAEMBIPIRI

Di cki nsellaciammine g@ase @ the antiyeho kihivhsire piresdnt di iegankigénsitotwhicnthe égintuae | L- 12
and IL-4, can be assayed to neasure THL or TH2 subsets, Cytokine panel to
gi ve alBPeAwds ngldeirtdie ar degotadledd lawiewd areerpictively SF]F&FCS to growyT'cplls 419 ang
I'L-17. v-zl;rg %ﬂér%’gs@ﬁ“ cjéﬁL 91% r&\@h ltﬁ & ec FEARM &R ofs tga{e’ ang $4mi}u®
cells. I's can 012/1 2620PCT/ US2012 039605 meaSured as CD19+
and B2 Zlﬁd thcepaltlsnt | Hzlon_cambet dyeayEd ded the reshonsdedo be aasgosi bt thos wayt, theB cel |

s ot L PR oL LD 2 LG U ey
Bi osci @Radegdd dihbddimeht-thkQssayk Dﬂﬁurﬁ&&ﬁn%ﬁﬁﬁl%n&)n in@0&k i)lLt i€ Rota HhitoEdn ( R&D

systens), ELISPOT can al so be used. ICS actually profiles the % of CD8 or
CD4 T ddilf4 atS@ﬂS/pbmipm@:rted embpﬂénmtthan&smg eheellytar apimuo e san Ochde bokisnot
subset Yin%i e'& tg ?ntgarcl:g h}{lzzne %/t%sinf\:,ve[ 3ln§s%r c{éoklg (reéﬁh 1 ch(fcﬁ Bl?tr On?l 1ta 8?' ed CD25

nonocl ona e use I’ I'TDSt

Al ter nqﬁtbﬁeﬂon i (@EN@QIEH Do RdReds@dFAdHFRN (TR 3 TH® gmﬁ&t@ Bafr & febp&wncg one

259D/ C7 from BD Bi osciences is used to stain the cells post
per nealte-ki. £418, 64 drage sswnleo bs Fyseyedoalthis aspay. Ah@nau@haﬁh@sassay_ofmllulah al so

b f

quant  dlErpuy srsineiil SLisopt HRF e Bishelt et SRk SE RSt i Bfwrasivy
2007) . ofbo@MIERSHS Eﬁgpott epzt%ﬁﬂasgaty QP [[ARPNORE hTI@@%@TH@? hean @exsleped
(Mouaftsi M 2006). These nethods can be used to sort all of the potential

MHC | épi(Tdplisulaohelper caHtsioreh. hrmlﬂlr@nﬂlet h@bodiplemﬂ/oﬂ@fceiﬂebr idesnapepiilings

o 10 mir SRt PrurAn Rt g Ch P U R S B H e PG <

nmouse fherfull Btiddhé) dnyipénsabiti éﬁlﬁ‘)ﬁ)%cﬂéleted or domin@f A lsul@infiafm epitvpedshinspeci f i ¢
MHC (e.g., HLA A A2) are synthesized together with 8 ner peptide epitopes

(i n t heagefepsppes| bismiormatcs softvars carebe wegte geedishepisypes whirhtwieuld g tof  MHC
G ass | / 200
at ooty RbRTis M Rdncls b Bhtina BuRE, M St B Bl S o e
for a further 30m nutes. Cells mere t hen washed and 100, 000 acquired on
FACS Cal i bur (BD Bi osci ences) and analypzed with Flow o software (Tree
Star). [ 0075] Foll ow ng therapy, the patient is re-profiled by
assaying for a tolerance or hunoral or cellular imune response in response
to the subdom nant antigen or epitope to determne if the therapy
successfully rebal anced the i mmune response.



C. Rebal ancing the i nmune response [0076] In one enbodi ment of the present
i nvention, the inmune response can be rebal anced by growing T cells froma
pati ent ewowpwieteoa subdom nant antigen or subdom nant PCYDS2012/039605

2012/ 162620PCT/ US2012/ 039605 epitopes on an antigen foll owed by infusion or
adm nistration of these T cells into the patient. T cells to subdom nant
antigens or epitopes are grown in tissue culture, ex vivo (away fromthe
patient's inmmunoregulatory mlieu). After growi ng enough cells to overwhel m
the previously dom nant cells, the cells are re-infused into the patient to
skew t he:t SBHCPARS: RakanessudRpitd AR/t re/hdiis S¥h &R dbReibe@ Manse
hierarchy. In a further preferred enbodi nent, this nunber of T cel fls

i nt r odgedthndb theyasead eptepeapyptrimergrieding can brawse8 % ot ali¢roativeassdydo qeadpdi ng
to the antigen, .i.nfectious t, . tumdr. or or . The ratjo_can he further
skewed To TR He S kR AR A by EinublertlRBim e ph@dsS oo

condi t ivdth thg calgediidcehbtained eRUBRCShBed v dedrmdie ©BJOFERDY Secbghidgseath - €. ,
chenot herapy). g}g()??] The present invention involves nmethods to

opt i m Zetrans. Hhigiguscod ifthe patiegt isof e maviHah tyrRerfurlyend LA i Bewevesdhe ur e.

I n one ' : ' ] antigens.
Thi o 1 & e T Lo e B e o R e g el
whi ch heponet Iibeprferxdesaddimerdaie Gdht's avtgegeatedfichnt preriphodi bioodt i on of the
antigens to eljmn ,dom nant epitopes or other conpopents which limt the
abi it W@@aéwefan hegif.t b 3ropEenpraldsyB fhe tumor lnf{?@@#@] 1%39%6%(%%\%{&@ c

met hod tﬁ@ﬁﬁ*ﬁs%?roﬁn&iﬁé hs ihﬁct@ﬁl gpriched for and ideally fully responsive to
subdom nant antigens/ epitopes, efficient methods for the growth of such T
cells are inportant. The growth of other T cells to dom nant epitopes and
anti gens i ndP@eN d3TH irdiltratveg iympboadittes @nrbeuépaed yotalyimg erdane mmeliglopspeci fi ¢

cells to skewthis rati reove h I ing. out t.o dom .nant

cpi t opd®t SRR st Ei R MBS A se LY Bna e SR PRt o e RBER

rei nf U@ stilttigte8Hvarel ug/nﬂ@h&to%ﬂnhgglﬁtiﬁlﬁf(@i‘gﬂﬁ) W edrufipRaivitiCiddabidtddl Mt the
i ntroduction of dom nant antigens or epitopes have been devel oped. For
exanpl eutoigolue PBIVEC 1Sevitlo di0 18/niribati(Getespphd ¢@bg/ent B.-AlPepretady, Rocky Hilhs

distin vant ages for. EBV npl,ignanci es because it does not use EBV
t r ansf 3@3\2’6 u%‘??ssre?@ﬁ]isg‘?% eeafnggéggaytshe EBV domi nant anti gens/epitopes). It
is also nore reliable when adm nistered to cells in which a significant %

of the CTL' 406708 Foe&p@bil igmufe fdPsiaaipraningasering ersd eRipatass serially [ 0079]
Monocyt e-derived dendritic cells are generated in vitro from peri pheral

bl ood” W¥utsAdet Bam KE)Q © I/ BE0PR pnd pen 1B aptandeitELISA. witly petiesd eecabiBanti ment |
pl ating,Qk; ftﬁlgg’?s (fggﬁerglly made in E. coli). From 2 to 10000+ antigens can be assayed. One

microgram of each purified protein is absorbed to microwell plates (Nunc) overnight at 4
degrees C. Plates are washed with PBS and blocked with 2% FCS/PBS. Patient serum is diluted
in 2% FCS/PBS and added for 2 hours. Plates are washed and goat anti-human IgG-AP
(Southern Biotechnology Assoc) is added. Plates are washed, incubated with Attophose
substrate (JBL Bioscientific) for 25 min, and immediately read (CytoFluor 2350, Millipore).
Readout is UV Absorbance.

[0071] There are two methods for cellular response profiling. The first method involves
the Enzyme-linked immunosorbent spot (“ELISPOT”) assay for IFNY. Ninety-six well
polyvinylidene diflouride backed plates (Millipore, Bedford, MA) are coated with 5-15 pg/ml
of anti-IFNy monoclonal antibody 1-DIK (MABTECH, Stockholm, Sweden) at 4 degrees C

overnight. The wells are washed and blocked with 5% human AB serum (Valeant Pharm).
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WO 2012/ 162620PCT/ US2012/ 039605 hours in a tissue culture flask permts
adherence of nonocytes. In an alternative enbodi nent, CDl14+ magneti c beads
can be uswo?2w/ies@bate dendritic cells from PBMC s (M | PEmUS2B208%05
Auburn, CA). At this point the nonadherent cells are renoved and frozen at
-80 to later serve as a source of T cells. Treatnent of the adherent
nonocytes with interleukin 4 (I1L-4) and granul ocyte-nmacrophage col ony
stinulating factor (GWCSF) leads to differentiation to i muature dendritic
cells (iDCs) in about a week. Subsequent treatnent with tunor necrosis
fact or s&IHNFPBRICSTBES O PITARUEL € dh thONSE RBREHBAS pdt BAYSFo EXFIRN) are added
differentiates the iDCs into mature dendritic cells. These cells are then
pul sed pai whll vithgppiidemoresd PWaseh Gomaatkaphihngnigasbldorhataonerzpht (G8n f or 2

ol 1 5. TREper Y dedtronburs CFnEeliorranarepant 0 i TeyRUpantEd T ned a
cont ai Qbﬂt@m‘n&g‘ ﬁo% "ﬂ‘\Jv‘éel]iEQO( Wu%ﬂnl biothny1 R84 &k -PRCY RIoh&Ddnd Gn raggin vitro

I
expansi on of e T cells whi have Tecogni zed the antigen. For certain
pr ot ocaMABTECH) andcubatcliFona?-el hadedt roomi taapaasee olloelel bgsirepteadin For ot her

protocols, culture caonditions, ar justed t imze growth of . certain
Clibset Sogiesed el Enc ApphabaMEN R0k Siini, 8 GRH B Ean i, ShisdS Ty
cell's. tAl&REBY 4 Y@ inutd keabti 6PRitRS- BRI I-E00R03-AdoBg ph&sphhié-anl RitkEBILAl N
protocols, IL-6 can be added to prevent the growth of Treg. In still
anot heretyeapliamifrom tieiatrphes whefawe kit (BiatR el RichmendrCA). Jan spotantepgb &at at i on
applications, low level 1L-2+ ra i.n can be added to,accentuate the
gr owt h SBFTT B REREEReR F B BP At & P ST R HEP D S RSP s
exanpl esu@bdoh Bn WIDBLISPORd86n AftoibtieurCBlagfoPiko iR shens thherady OB t 0
polarize the cells to certain T cell subsets is described in Exanple 3,

Fi gur e sBot iy f celheepPriedhy spos famiroealsi(AFQ)/ 1" FRMCeull) weank PR Ican hedbed anast be

| aced at day 14 and day.21  Ho o ferred di ,
o or oadbar v &S ORATE wfPrgAPLEY Rrtsehiod RLRSH ECy IS Teahi o

bi oreactor such as Grex (Wlson WIf) or Hyperstack (Corning). Generally,
enough cel | 0072] e 3E¥HNAINSEREERAVO R e RinBatd RIMr cGRRiRSA/ALFRENWHhENIin 2 to 6
weeks as opposed to 12-24 weeks with traditional methods. [0080] In
anot herTNgrthodi hEMBML’ ¢ (e Sk A0e@T Lorwhanttbe asvae m mriornned podevelopadamkiarl | s

dorm nate A b L0 WrPpSaToRE 98Dt IHAFS heF o G eeaPeegihepaPoatignl
subdomigant, &R Q&eéacr |§g ﬁlV%M e?h@%é’si dEnBFent BLMESRRANGL RGeLHRONACE ﬁﬂ%ﬁg%}ﬁfﬁﬂn be

used to generate T ce broad™ I nmuné response agal nst subdom nant
epi t opelse préfanse aPpAr-d2acid S 3D okl brmeadpioetppdliand brefeldar AS$ pg/ mil ke Gagige
WO 2012/ 162620PCT/ US2012/ 039605 of di seases to achi eve a bal ance of the

i mrune Hes@ BioscisiersasasRisgent fafoteph the ST FompeIsnido BRAeIe AUt t o
EBV, c¢ r. j: X | i nent ! a

o asm & 1 SEghbNES i RERAIdiA Sats) SeANat pEe RASAPR 2op APEOI AR o B
t o i ndulee labeded Wik etabt aduifieantgdmIODASRiIcia ctihésshibcanhteant CDE | gen. | n
anot her enbodi nent, the subdom nant reactive T cells can be adm ni st ered

f ol | owaopyeacyraet) Aateen (Rhamingrs, BagapRickaronafrridgemnyies Bobdeeredsd
res ponZFo'r 3brr1]1|11rs 5 icle).%?etr gs{fasﬁng% 9%@%éﬁ%eeérbhﬁzne%gv%%hgé?ftgrf]i%@t?pe?nel 87 5(9 mfm n

t herapeuti'cal Ty or’prophylactica e nmune profile can
be det gtddndaBert QaiiBRGUNE phiySderpthrif @Bhj0gate@WMi-WWNP(0h g&adesr MdTRRE, (P8t | ent
can then be prined to appropriate subdon nant antigens using any of the
appr oaglgésl) @ntleddys@Hamengdnn Becton DicKig®8 L] Therrednarglthesrwashedidixedfodi ment, t he

rown T cell i n ance t reve or. treat an aut oi ne .di se
Ol Por agesisnied S 1S BRFR LR Bl caB bt e B Sl g Boi0eFEle
host  diGRISRtwaeP ARG vEROPALRE dnYP@B Rfon DieRInkSh) 88 bé 8bd. Olel U§Bkines,
conditions can be nodified to preferentially grow, or enrich for, the

r el evantcledipg but fogdimigid g b2 andil-Hi eantbechssayeCmsmegte THHDr THABubssts. Tr eg.
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from Peri pheral Bl ood Mononuclear Cells (PBMC s) in tissue culture in the
presence of a stinmul ated professional Antigen Presenting Cell (e.g.,
nonocyte derived dendritic cell, macrophage or EBV imortalized B cell).
[0082] In another enbodi nent, various techniques are used to nodify antigen
processing to favor subdom nant epitopes. |In one enbodi nent of the
invention, this is acconplished by nodification of the antigens to

el i m nate dom nant epitopes, regions which inhibit antigen processing, or
tolimt the nunber of dom nant or subdom nant epitopes presented at one
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WO 2012/ 162620PCT/ US2012/ 039605 6). The nodified LMP1, LMP2 and EBNA-1
sequences can be delivered to the APC using peptides, proteins, plasmds or
viral vecworsizsueedroas adenovi rus or vacci ni a. [ 00@88]r/USR012/039605
alternative enbodi nent, a proteosone antagoni st may be added to the APC s
and antigen during CTL production to increase the nunber of subdom nant
epi t opes recogni zed and enhance the response to the subdom nant antigen
(Exanmple 2, Figure 7). There are nmany avail abl e prot eosone antagoni sts
havi ng different mechanisnms (e.g., bortezom b, clioquinol, |actacystin,

epoxomyfdaBuredx &840 MINBZAB ceignf id120MOT CAR shédi)be associated YRABAlcelin an

al ternative enbodi nent, an antigen nmay be adm nistered in conplexes with
ant i bodrciéwatioawnnd gitinatyireaturatigo o padodieg ae diithepulé bposedds study shibaowihahs

e e ot RSB PO PR R S b R B

target ,pg of 233hePy RED I&ReRS)CEENHGTc AL SbANEd ety AR Hr SRR MEOE8SSI N

to the flanking epi't opes. ﬁlgggSh I n anot her enbodi nent of the present
a i

i nvent i(@8 opCR4 i ¢dls caspording tgdi 2ans oregpitopgre Otler celhsibgerisan be used to
gener at e
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conbi nak a@trfadetharkENE, mddt T2z s ORIt@R@Vel £ Yl WIch iRt 1abel@NHRMaS dxP®Ndri ti C
cells to induce a response to subdom nant antigens. |FN ganma or ot her

cyt oki meanogiepalpatibpdiielenc Btk frong B Biosgiggeaty wad tostpindheedls prsicel |
responsj . ] i i f i 1 hance

i o ar oy eatatidh BRI e A S e o etratf on
is nodified to alter the i mMmmunodom nance hierarchy. The route of

adm ni st r at i[08733 NeaVN-H s abiogsponses detlerdnfiongsantieeive @grdéaions ofipeptidance of

t he dom. nant rpn .1t h n found that when adm nistered
|t r ap QTG BRE- RO 8&?7;%1"88??&15%&?@88% ggdicgpn BRAFIE g alPer of
the respaNss cipe@PPRESE M 206 ThAS @Rk REn BRI bt hiMbF ARGHoMAkial
adm ni stration (Tscharke DC et al. 2006, Tscharke DC et al 2005). As shown

i n ExalHE [FpitFpegupean dntiggd pivhiagkitl foprl %o bt paptidgemdthus predicMpivpese Theseel ops

a strongeyr. response a r oader .respons o the subdom nant epitope than
oes. | rgherrEREE Sy U EP RS St SRRORS T ab Pac P8 B BRI TR e £F 1 et

anot helPBMICY b¥ @ JaR a1 Mowkd o tHeNELARYRISfARGrghai mto nodify the

i mmunodom nance hierarchy. In a W) 2012/ 162620PCT/ US2012/ 039605 preferred

enbodi ment, the T cells cultivated are delivered by intradernal )
adni ni st r at i[8074] BptremeerithgpedifctMHEne- eaptisA e Ag) aremypihepirrsdesctheyaniéi 8t i ¢
cells) e té&g‘%p?t 4 c)%jﬁii R & SrdsO P MHEREE T 5 WLE pIRBBRE Fesh BRSOt
(Exarrplné %,p g r88182 L ° > pg& o/ EBGfes ?
MHC Class II. The cultured T cells are stained with the tetramer diluted 1/200 at room
temperature for 20min; anti CD8 antibody was then added and stained for a further 30minutes.
Cells were then washed and 100,000 acquired on FACS Calibur (BD Biosciences) and

analyzed with Flowjo software (Tree Star).

[0075] Following therapy, the patient is re-profiled by assaying for a tolerance or
humoral or cellular immune response in response to the subdominant antigen or epitope to

determine if the therapy successfully rebalanced the immune response.
C. Rebalancing the immune response

[0076] In one embodiment of the present invention, the immune response can be

rebalanced by growing T cells from a patient ex vivo to a subdominant antigen or subdominant
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[0087] In a preferred enbodi nent, the antigens are viral antigens
particularly latent viral antigens or chronic viral antigens with

subdon nawO 2ep/teeq2es on them For exanple, the viral anPCHarsgoianasshs om a
virus selected fromthe group conprising: EBV, HSV, VZV, Hepatitis B and C,
H'V, and HTLV. The viral antigens are, for exanple, EBV LMPl, LMP2, EBNA-1,
HPV E6, or HPV E7. For exanple, the viral antigens are associated with EBV,
HSV, VZV, Hepatitis B and C, HV, and HTLV, CW, RSV, or influenza. In

anot her enbodi nent, the antigens are antigens on other chronic and | atent

i nf ect 'e914§pe@9>ﬁ%%nt1§c9f foﬁ&@x@@bf infRd6NbSadfinRGhALEEl hkdelT cARGh®Ith@patledndl |
parasites, prions. In still another enbodinent, the antigens are tunor
anti ger¢911$ ﬁ@cﬁmb@@m@amﬁmgms driepiteped areogrownrip tiswesolitst edvigntavgeipm thenor
speci fi ¢ atle QI Forddl r‘gfg%enslheu SR%tleat et r\lM é[:nn)uc @gl?srtosot eermhe?I s Qb viousl

met ast &S| nonhrg odi tHe VAN § i'gens "are ags&:aeaﬁ%iﬂﬁ y

aut oi mmnnﬁam célls[ e@¥lls mﬁfréa{fﬁasrdn@ﬂ@ thé pafegatd dkeanbPtaniatbaRicd 4jdecti on or
graft vs. host disease. ] I'n one enbodi nent, the i mmunodom nance

hi er ar dhgarsutigalyapyitchithg éoram@@q[féuelﬁgﬁhb/d@rﬂ futhpiRyetsrigd sinkadimenhthig apmper
epi t ope gy a; @%ﬂﬁ@ dRayo A0 gre‘éi&k E}Paﬂ%q' Bt fhe RELIIS ML 8@&’{9% fo the
cultivating a ce capagle 0 ni zi ng he subdom nant an I gen or
epi t opentigand irtfe@ming ngena, tpmbr emcbrgwl ﬂmeamceéa‘ndretfumberrmmvai toothvdn’rthe ihfmtil S.

[ 0089] one enbodi ne om nance hi rchy of at| is

al ter e&eﬁ%/ YH@HFW&?PH&%‘F P‘T“EQ%YV”BE S‘HB‘&B%?%%IH%W Wﬁ 5‘&‘? tieéﬁ | n a
pati ente,§aRbE T eMid (i ¥athdMbtRerlp@e! | capabl e of recogni zing the subdom nant
antigen or- epitope, and treati n the patient with an effective nunber of
those T cells to provide therapeutic benefit. [ 0090] In another
enbodi nent , [O%E]‘I‘ic@trftseiltsinwmiespmroﬁwenéﬂmbltb pp@mttetthfeatowm@OETpalﬂstent with
an effec al.ter th nance er archy
of ¢ he ARt ks Sy TR SIS T B imenlint AR HERAaN T hEhGat  an
for tr %ﬁ'&iﬂﬁﬂﬂ{anﬁﬁntfg%ﬁé/ i i Bcdbfmlﬂq@héd'ﬁﬁ}efeﬂdcﬁﬂn Of a pATERTonalldigigbmpreéntidR i S,

for exanﬁ a bacterial, viral, parasitic, or prion infection. W)
2012/ 1626 2dmTay820licENE3peEd to dominant groigen pnd the apgdifigation of HstnEERNsse t he

present, g{e{ %‘86 antt p%k{?% oty Phopdidh tté QRicRinflt {h%ﬁﬁ‘lﬁfof éd‘{n‘?fg%ﬁ Bftbe CANCET,

or medi'c con on I'n es al ating or ane east one
synpt opradesdelie d| sease, infection, cancer, or nedical cond| tion. D
Therapeutic nethods 1. Cancer [0092] Wrk Flow of dinical Use of

R L R TR AR o S
6, 7, @esp%nsﬁ]@to subdominant antigens/ epitopes, eff1c1ent methods for the growth of such T cells
are important. The growth of other T cells to dominant epitopes and antigens increases the time
in culture required to generate enough specific cells to skew this ratio. Moreover, the cells
growing out to dominant epitopes is working against the achievement of the proper ratio upon
reinfusion. Therefore, T cell culture methods which specifically limit the introduction of
dominant antigens or epitopes have been developed. For example, while the method is broadly
applicable to all tumors, it has distinct advantages for EBV malignancies because it does not
use EBV transformed B cells (which express the EBV dominant antigens/epitopes). It is also
more reliable when administered to cells in which a significant % of the CTL’s are responding

to subdominant antigens/epitopes.

[0079] Monocyte-derived dendritic cells are generated in vitro from peripheral blood

mononuclear cells (PBMCs) from a patient. In a preferred embodiment, plating of PBMCs for 2
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Result: Antigens 1, 2 &6 on tunor, others in panel not Step 2: | mune
Response Profiling Hunoral ProfileCellular Profile ELISA on Serungtlispot or
| CS (for wbNgi2ate242east, al so |1L-10, 1L-4 andlL-12, |L-2PCrasasizayoeds cel |
subsets) on PBMCs stinulated with each antigen Result: Antigen 1 strong
response (dom nant); Antigen 2& No/ Mddest Response (subdom nant) Step 3:
GowTcells (CD8 and CD4) to Subdom nant antigens in vitro Result: T cells
responsive to antigens 2& Step 4 (optional once therapy is well
established): Confirm>5%T cells grown respond to subdom nant antigens

usi ng GBliksUh ahistudBingreRRk ipbinmes AdrbieaRObT BEndcHRY. IR alternative embodiment,

2012/ 162620PCT/ US2012/ 039685
CD14" magnetic beads can be used to isolate dendritic cells from PBMC’s (Miltenyi Biotec,
Auburn, CA). At this point the nonadherent cells are removed and frozen at -80 to later serve as
a source of T cells. Treatment of the adherent monocytes with interleukin 4 (IL-4) and
granulocyte-macrophage colony stimulating factor (GM-CSF) leads to differentiation to
immature dendritic cells (iDCs) in about a week. Subsequent treatment with tumor necrosis
factor (TNF) or macrophage conditioned media for 2 days further differentiates the iDCs into
mature dendritic cells. These cells are then pulsed with a peptide or a plasmid containing a
subdominant antigen for 2 hours and then the PBMC’s are thawed and added to the pulsed
dendritic cells. After a few hours, the cells are pooled and resuspended in media containing IL-
2 or IL-15 (with IL-15 being preferred) to generate in vitro expansion of the T cells which have
recognized the antigen. For certain protocols, IL-7 and IL-15 are added to increase T cell
survival. For other protocols, culture conditions are adjusted to optimize growth of certain
subsets of T cells. For example, IL-12 can be added to polarize to TH1 cells. Alternatively, IL-
4 can be added to polarize to TH2. In certain protocols, IL-6 can be added to prevent the
growth of Treg. In still another variation which is useful in autoimmune or organ
transplantation applications, low level IL-2" rapamycin can be added to accentuate the growth
of Treg. More detailed protocols are outlined in the various examples and in vivo comparison of
the cells produced with protocols to polarize the cells to certain T cell subsets is described in
Example 3, Figure 3. If the T cells are grown in a tissue culture flask, media must be replaced
at day 14 and day 21. However, in a preferred embodiment, a bioreactor can be used to mitigate
this need, e.g., a gas permeable bioreactor such as Grex (Wilson Wolf) or Hyperstack
(Corning). Generally, enough cells to be administered to a patient can be generated within 2 to

6 weeks as opposed to 12-24 weeks with traditional methods.

[0080] In another embodiment of the invention, the inventors have developed T cells
for adoptive transfer against antigens which have been deleted for their dominant epitopes and
demonstrate that more T cells are generated to subdominant epitopes. Such proteins or
corresponding DNA vaccines can be used to generate T cells with a broad immune response

against subdominant epitopes. This approach should be broadly applicable across a wide range
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Result: 25%of the T cells respond to Antigens 2 & 6 Provi di ng at

| east 5% of T cells respond to subdom nant antigens, proceed to step 5 Step
5: 1V I nfweeorelebeoi nto patient with or without prior cecdiuszaniosgose. g.,
cycl ophosphami de) Step 6 (may becone optional once therapy is well
established): Isolate PBMC s from Bl ood 2- 3 weeks post infusion and

Profil e I nmune Response Result: Cellular Profile Antigen 1

No/ Mbder at e response; Antigens 2 & Strong response (domnant) to at least 1
of the antigens Step 7: Assess Cinical responses RECI ST (CR, PR); Survival

or Prograssiedtdd@fvediilanad ofR88 hinuné @E%@%Wﬁﬁ@ﬁﬂﬁ%nﬁ@n@eﬂﬂ%@ urvival
[0093] In Exanple 4, this systematic nethod is used to treat nelanoma. In

Exanpl endudingbutmst hiodterd o BB, canrert. d1livr erdtephtytisp oaretheir embodienant|the pitigsnd d
LMP2. In fact.the T .cell thera hanges t nat.ural., course, of .l ynphona
irom o ehare SErlr it b PR lg NP B i MR PR o Bl Bfie QbR o

Thi s anbol@&road smRink ré&pofikelte tietsubdbthinaMthnEBNATA af@herddnsodigentsd to treat
ot her tunors that include EBV antigens including Nasopharynagal carci nong,

Bur ki t tsgbdopmppeactive I cellperjkbaradmipisigradoiptioyad by poaeaption vaffo®g ot hers. In
Exanpl & Buorfndhi i@ FR00QGN Fegf;‘&{%g. i raﬁé‘themm}d‘?@gﬁt' ) AbpioAeifediidBe

These exanples are“incorporated into the 1nvention feference an
denonstusat thetapaiticapal prophyigetafally Rdheraimmu patian®’s pons@e poide da Isudrdeminaint
antigens is broadly applicable tg all faorps of cancer. 2. Genperal use of a
| ar ge 0 FSBHTFISs AP R ARYD L Cﬁ%ﬁ‘ﬁéewdéhq RSP 599 (RFolfuEmed WAPPEARTSI t ype

t her apypdominhfARtbers B ABALHOF tlﬁ’é@ﬁﬂia@i%@?d&s,cld@@d h@ygntors propose that if

enough subdom nant ™ anti gens” can identified for a particular type of
tunor, that that type of tumor could be treated with T cells to nultiple
subdomi nant [8¢81]dens algratonetentivdimersdthe gravesT ceheindads telerancgitnpileaentyr

treat an autoimmune disease, allergy, inflammation, organ transplantation rejection, or graft
versus host disease. Depending upon the type of T cells desired, culture conditions can be
modified to preferentially grow, or enrich for, the relevant subset including but not limited to
CD8, CD4, TH1, TH2, or Treg. For example, T cells can be grown in presence or absence of
certain growth factors, cytokines, drugs, small molecules, or other immune cells. In a preferred
embodiment, subdominant antigen reactive T cells are generated from Peripheral Blood
Mononuclear Cells (PBMC’s) in tissue culture in the presence of a stimulated professional
Antigen Presenting Cell (e.g., monocyte derived dendritic cell, macrophage or EBV

immortalized B cell).

[0082] In another embodiment, various techniques are used to modify antigen
processing to favor subdominant epitopes. In one embodiment of the invention, this is
accomplished by modification of the antigens to eliminate dominant epitopes, regions which
inhibit antigen processing, or to limit the number of dominant or subdominant epitopes
presented at one time to an antigen presenting cell. These modifications increase the response
and diversity of subdominant epitopes recognized (Example 1, Figure 5). In an alternative
embodiment, the modified LMP1, LMP 2 and EBNA-1 sequences can be delivered to the APC
using a viral vector such as adenovirus or vaccinia virus. In the case of other antigens (LMP1
and EBNA-1), eliminating regions of the protein which lead to poor antigen processing greatly

enhances the immune response to subdominant epitopes on those antigens (Example 1, Figure
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WO 2012/ 162620PCT/ US2012/ 039605 targeting nultiple antigens on the sane
tunor woul d decrease resistance, e.g., conbination chenotherapy. For

exanpl e, wbeoebické2oy to devel op a single T cell |ine taPgeispg 20605
subdom nant antigens EBV LMP2 which is on 40% of |ynphomas and survi vi ng
(which is on 50% of |ynphomas) would allow one to target approximately 80%
of lynphomas with a T cell line specific to these 2 antigens. dinical
testing of the Pan-|ynphoma product is denonstrated in Exanple 5. By year
3, progression free survival of patients treated with the Pan | ynphoma

pr oducts) i eheGRFNAEARMP It OMBTELRINOSINAL | VRBER3BAI BEASiVARHGo IRSAR WBREOT €

therapy. This could be because, |ike conbination chenotherapy, the response
of CTL'psptidesnprioteinst plagmidis ge sigaloiectottesush e adapepiruc@wiadcider ease t he
| i kel i hood of escape. The ability to treat all |ynphoma (not having to only

treat that s[Hlﬁ’s:ﬁtln‘Q{@iaﬁ nilt%vegﬁﬁ“it%otdilﬁ{gntf ngo?ﬁogé)@gh@ggﬁgo | r%e‘r’]\%dgi@% fo t?{hng' erT

cel |l product a novel pro concep e

i nvent iARC’s hhe antipeamudng CIILsgrodldiomts intrdass thPanmbanekyubps@ihast pitopés
virtually any cancer. 3. Chronic Infections Hepatitis and_Hepatocel | ul ar
car ci ndfReenized ang edgsge the rgsaeREe sheubhopiprpiinéiel Jatmples?. Hgyednt 15 es

are noLrOeney ALdb ;5@%1%&@%&@@9%@%@{@ fFAPEHRnGhisAk (& g%am%{oﬁn@ atients

with acute patiti antigens are generate >90% of
neonat esoquidol3R%taofstinheépakosrycig ®EG-135 MENET 0P chtfdzahibdBRel Flor m whi l e adul ts
acutely clear the virus >90% of the tinme. 95% of Hepatocellul ar carci noma

i s associ at i, th chronic infection with Hepatitis B.virys and.. HBsAg
o ton s on g ef SR Gl mifotipdt e E LY slomiVait n EompRes
I nvent Gfigh £MiBs&iet Ravih diti MR edoides HBArIRS re8 edMon@aBdorhihafeRedrhinahtsand
hepat ocel | ul ar carci nona patients and if the growh of T cells could

gener at(Exampls 3t BighBs! Anthapaigamisdhjeesd Wdth apaitiapdebindivgiadeimpitaas ponse t o
subdom : ti - ti - 0 se L his

71 mai g e 4 RA08 7t BRI RRE sy R WP BRRER RS b

hepat i tanfigdnnpracessing t@thefdring@bithepat itis and ultimately in HBV associ ated
HCC patients. In the aninmal nodel, HBVtgRAG cells were adm nistered and the

tested. In th& ani mal which received control cells, chronic Hepatitis
devel oped. RI93HdR appther sppRodimpend of therpiesenifpvorsioys Rlgsplosentringin 12/ 039605

devel opgehigRat:e 1@;&!@9 _aﬁﬁ%e‘ﬁis Y@Qse@ﬂrgéqe}ﬂe FURAO WA Adthing@h8d of i€ _ani nal

devel oped acute hepatitis but cleared the hepatitis virus (Exanple 3,

Fi gur eslii®etlyljdministered n@OO¢ Jpa@nteith¢riibreethy byvagousgoans oftddndatsaratigpain ent s

with hecggl ilr;[ai‘cign \\,)\vl?trh%F{\IR(,e t—fldor\,\gt Qr ctytc]o ir-1|;:sCo$ loL p{ﬂeslgc? lcignrgi(lziitig%eltlsh‘c?)rigggcé a
response to subdominant antigens. IFN-gamma or other cytokines may be induced before T cell
stimulation to increase T cell responsiveness to subdominant epitopes and modify the

immunodominance hierarchy.

[0086] In another embodiment, the route of administration is modified to alter the
immunodominance hierarchy. The route of administration of a vaccinia response determines
the degree of dominance of the dominant determinant. It has been found that when
administered intraperitoneally, the dominant determinant accounted for only a quarter of the
response as opposed to half, as was the case with intradermal administration (Tscharke DC et
al. 2006, Tscharke DC et al 2005). As shown in Example 3, Figure 11, administration of
antigen by the IM route develops a stronger response and broader response to the subdominant
epitope than does IP or IV routes. Thus, modifying the route of administration is another in vivo

mechanism which the inventors claim to modify the immunodominance hierarchy. In a
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[0098] Work Flow of Cinical Use of Imune Profiling of Dom nant and
Subdom nant antigens Step 1. |Imune Response Profiling Hepatitis Surface
Anti gen awio 2piep@meé2di s Core Antigen Hunoral Profil eCel | ulpar/uBr@RioB®soE£Ll SA on
Serunkl i spot or ICS (for IFN7 at least, also IL-10, IL-4 andlL-12, IL-21 to
assay T cell subsets) on PBMCs stinulated with antigen Resul t: Hbc
strong response (dom nant); Hbs No/ Mydest Response (subdom nant) Step 2:
Gow T cells (CD8 and CD4) to Subdom nant antigen in vitro Result: T cells
responsive to HBs antigen Step 3 (optional once therapy is well

est abl ixsdteddd erfebstime R #R%P Jell‘s%hltﬁra&ﬁ%%délﬁr%%g ih@adWRSOMI ARt @It BN
usi ng | 1ul ar | mune Proflllng(EI:wPot or ) Result: 25% of the T cells

r espondargetingByifarent §BE's (e.2.. mpergphatiengleadritieeddls), 3 whtepfadniristrammond t o

subdom ant. antjgens roceed : IV iInfuse cells into
patlentH gteﬁal dogm{l%ﬂce leramﬁ (ééxc?rr{l Q P41 ureel?):\ g., cycl ophospham de)

[0087] In a preferred embodiment, the antigens are viral antigens particularly latent
viral antigens or chronic viral antigens with subdominant epitopes on them. For example, the
viral antigens are from a virus selected from the group comprising: EBV, HSV, VZV, Hepatitis
B and C, HIV, and HTLV. The viral antigens are, for example, EBV LMP1, LMP2, EBNA-1,
HPV E6, or HPV E7. For example, the viral antigens are associated with EBV, HSV, VZV,
Hepatitis B and C, HIV, and HTLV, CMV, RSV, or influenza. In another embodiment, the
antigens are antigens on other chronic and latent infectious agents, for example, agents
associated with, bacteria, fungi, parasites, or prions. In still another embodiment, the antigens
are tumor antigens including but not limited to: tumor associated antigens, tumor specific
antigens, antigens associated with cancer stem cells or metastasis. In other embodiments, the
antigens are associated with autoimmunity, allergy, inflammation or organ transplantation

rejection or graft vs. host disease.

[0088] In one embodiment, the immunodominance hierarchy of a patient is altered by
identifying a dominant antigen or epitope and a subdominant antigen or epitope in a patient
sample, cultivating a T cell capable of recognizing the subdominant antigen or epitope, and

treating a patient with an effective number of the T cells.

[0089] In one embodiment, the immunodominance hierarchy of a patient is altered by
identifying at least one subdominant antigen or epitope in a patient sample, cultivating a T cell
capable of recognizing the subdominant antigen or epitope, and treating the patient with an

effective number of those T cells to provide therapeutic benefit.

[0090] In another embodiment, the T cell is a responsive T cell, and treating a patient
with an effective number of said T cell to alter the immunodominance hierarchy of the patient,
thereby inducing a cytotoxic immune response in the patient for treatment or prevention of an

infection or cancer. The infection is, for example, a bacterial, viral, parasitic, or prion infection.
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Step 5 (rmay becone optional once therapy is well established): Isolate
PBMC s from Bl ood 2- 3 weeks post infusion and Profile | mune Response
Resul t: G&Dl20i2zms2@00f i | € HBc No/ Moder at e response; HBs BCTarsgozeswonse
(dom nant) WO 2012/ 162620PCT/ US2012/ 039605 Step 6: Assess Cinical
responses Result: Cl earance of Infection [0099] I mune profiling was
conducted on 5 patients with HBV and HCC. As expected, ELISA denonstrated
high titers of antibody to hepatitis B core antigen (HBc Ag) but not to
hepatitis B surface antigen (HBs Ag) (Exanple 3, Figure 17). However, when
PBMC s wer e [00914q€dn{ bt Be deametids ok theGRbdesis inPeH tRAd M thbn\@RRdVhtidn BY £0r e
antigen (HBc Ag) and hepatitis B surface antigen (HBs Ag) and used to grow
CTL' s fdisspicPBIfiCtionf ganeert plemedind conditienincludes apriatyigrmy amedafatingatleati e ved.
By fre%ur%ng 8tfthl 'cziNse rold%lciing Tnceel | s on Icios 0L a hi erarchy was observed:
no- anti ﬁeﬁo\(/nl sf:c}< 5&9?018 'S c?él-@crﬁg 758 cg) IQ'Exarrpl e 3, Figure 14).
This indicates that Hepatitis B surface antigen was i ndeed subdom nant
relative to Hepatitis core. Furthernore, it appeared that one epitope (FLL)
of HBs was dom nant by Elispot (Exanple 3, Figure 14) and by ICS (Exanple
3, Figure 15). The, peptide containing this epitope was excluded fromthe
pepmi x t hBt IRSLPgatEgmE Og% ow cells fromthat patient. [00100]In patients
with HCC, 3/5 patients who received the T cells to subdom nant HBs (Exanple
3, Figure 1) chgared the HBs antigen and denonstrated CRs to the HCC
following a transient elevation of Al anine transam nase (ALT) in Liver
Function Tests (Exanple 3, Figure 17 & 19). \Wen PBMC s fromthose patients
wer e tested [009€eKerkddew oafdinmiabUpael rmurciofbng abRemingparstubganinagt HBs

r at her ahgg&sto HBc and to the previously subdom nant epitopes of HBs
(Exanmpl'e 3, "Figure 18) indicating that the patients had rebal anced their

i mmunodom nance hierarchy. As a result of the therapy and the switch in

i munodep hanmeoriBiepsar(@hyhunelsistotignistiryigrtBieod (ECARERUS ioe Elier) eritigeq ExApl e 3,
Figures 17 & 123. [ 00101] Thus, T cell adoptive inmmunotherapy to subdom nant
anti geﬁ‘sSC(étﬂ’ﬁ , 10

Result: Antigens 1, 2 &6 on tumor, others in panel not

Step 2: Immune Response Profiling

Humoral Profile Cellular Profile
ELISA on Serum Elispot or ICS (for IFNg at least, also IL-10, IL-4
and IL-12, IL-21 to assay T cell subsets) on PBMCs

stimulated with each antigen

Result: Antigen 1 strong response (dominant); Antigen 2&6 No/ Modest Response

(subdominant)

Step 3: Grow T cells (CD8 and CD4) to Subdominant antigens in vitro

Result: T cells responsive to antigens 2&6

Step 4 (optional once therapy is well established): Confirm >5% T cells grown respond to

subdominant antigens using Cellular Immune Profiling (Elispot or ICS)
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used to eradicate chronic viruses and to treat cancers on which they are
present. Further, inmune profiling to direct the production of T cells to
subdom nawO 2artieg@ns and epit ope opens a novel therapeuPCE/SI@ER08960H

mul tiple diseases. WD 2012/162620PCT/ US2012/ 039605 [00102] Virtual ly any
viral, bacterial, fungal, prion, parasitic or other infectious disease can
be treated including but are not limted to Hepatitis C virus and HV
virus. O her chronic infectious disease can also be treated using

rebal anci ng. For exanple, Mycobacterial tuberculosis is a chronic infection
in many patipgRhs 3394 o0k Y deBasdshy@t RSAMIRRs blkeci Mune systemis repressed.
Inits dormant state, it is contained by a granuloma usually in the |ung.
Recent studies of the proteone of the nycobacterial phagosone indicate that
MIB r epr essd&sodufnggeleaprdde eht selloigspandde seldonyipan anfigens.doracegd éastep Sdegr ee

t han macrophages (Li et al. 2011). To this end the inventors proposed that
r ebal argi i 4 4 J: t, epi LS: aybroad
{hor apoutl & 1SparsEEHIARRHER L LEERANE phid: SRR e e Sk AR RhR i)

Aut oi mmuni ty [ 00103] Epi demi ol ogi cal studi es denonstrate that the risk of

pat i entsepdeusdolpicogermplibngloacshempyss welt ostaldisheds IsnlatchPEBN afivirbidldpd £ t er s.
By follow hundr eds of thgusands qf individuals before they were infected
with EBW pP%IW%Wﬂ@“%&%%?‘P’WHE HPN8%everal years post initial
infection, Ascherio et al. were able to study the 305 patients who

devel oped Mgesdipaidiluldr ProfilB NiRiased NmoREMtel 184 oavd; MhtiEBY 2 &f Siedrigon
(Ascherio A et al. 2010). Menory CTL's responsive to EBNA-1 400-641 were

el evat éeppopseNBomitant e ot leadt dtaf ylee ansigetsher EBV anti gens when conpared to
heal t hy i ndividuals who were also EBV carriers (Lunemann JD et al. 2006).
EBNA- 13'%%97:%;8&8'@]1 -gaﬂésgoﬁgpear capabl e of sustaining autoi nmunity by
cross recognition of aut -antigens or bystander nechani sns. Furt her,
transgeni ¢ nouse studi es suggest that B cells expressing LMP2a bypass

nor mal t ol eRECISTaO®R: PRI Sitrgivaing Rrofrassi@sHFide Betviymient of aut oi mmune di sease
(Swanson- Munger son M 2007). As such, while we have studied T cells reactive
to EBV subdgnm t epitopes as treatnment for EBV and EBV rel ated cancers,
T cells reag{é}s&g%r‘%ﬁr WBHW%M W% pes may al so be useful in
reinstating balance in autoi Mmunity. By growing and introducing the T cells

responsi ve t[00933\¥n Exbh@ple Qi gefsndBNhdd islabBRltoaredt balVBAdmal MEEAaMENSOr S
propose that the imune response can be rebal anced, reinducing tolerance in

t he auttles maling ivarpbisd exstregt Hanphenepvith eguiliplasmid EME2shinkactibe il ¢ch dhagaryr ue

for ot Vi SS0Ci sﬂn | r [ ' e Far | e,
pi cor nag s L ERRPARRETE Eonilchth B48%s Wk SLETIDR, ARG iR KT
car di orimepit Ryhissionp&hik adltipdreisese]] andxdpbdhl MHA1sandBBISALl @n abocHe dsed fo treat
hepatitis. WO 2012/162620PCT/ US2012/ 039605 ) )
other tumors that include EBV antigens including Nasopharyngeal carcinoma, Burkitts
Lymphoma, CLL, Hodgkins, and some gastric cancer among others. In Example 3, a similar
method is used to treat Hepatocellular carcinoma. These examples are incorporated into the

invention by reference and demonstrate that rebalancing of the immune response towards

subdominant antigens is broadly applicable to all forms of cancer.

2. General use of a large number of subdominant antigens on a tumor to produce a pan

tumor type therapy

[0094] In another embodiment, the inventors propose that if enough subdominant
antigens can be identified for a particular type of tumor, that that type of tumor could be treated

with T cells to multiple subdominant antigens without the need to test the patient. Similarly,
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[00104]In still other enbodinments, T cells can be generated agai nst
antigens associated with organs in which organ specific autoinmunity is
devel opedwvOBerass@ot he phenonenon of i munodoni nance i nPoTESg01RpPB460Ppes from
all of the antigens which are being processed at any one tine, there is not
a conpletely required need to know t he exact autoantigen which is driving

t he autoi mmune response at that tinme. For exanple, generating and
introducing T cells to reactive subdom nant epitopes of collagen into the
inflanmed joint of rheumatoid arthritis patients, the ongoing inmune

r esponsgeidd mbRiplehilancatihafting AIntdraNafd Wedréash GesisRinds tad ebmbihatich
contrarian and unexpected to think that introducing active T cells into an
i nf | amehewpiherapy Favsurmplsethbahidity i davelopatsingde dregll gige tasgasing thper at i ve
nodel , the r.ebal apcin i mune r onse i.n that site.wll .reinstate
oo op AR EERPBEEEEY (ALY PR D Dot dho Sttt o

aut oi megneoflyHPASASs) voudd 8l e bneBathe RIprodmatee8 1 %0 & frhgHdmas .with €7 ckl
vitro expansion [00105] One of the principles of imMmune regulation is the

bal ancdingfperifigy® theseg: ddigersy pdipical gsting ofdhg Ban-lyimphrere nspdiistlisrsmongtfatedye
: on O™ : ol ' |
I nvent |;p g:xh?%l%@. %3'3%?1“9, g&%es%ﬁnvﬁééos Lifdlok P%éﬁ% @eatt%ﬂtfg gqgﬁagq&@ﬁ#&ﬁa n

this case, Stea t t1 ng subdom nant epitopes, nant
epi t opgsodakceisgemprabrdoalse @ndid erhevayntigons etraltaunaibefdre tharmpn&hisespliise. | n

one enbodinment, the Treg T ce|lls so generate (e used.as the therapeutic
pr oduct e‘_éar“é‘ﬁgl_.ke CRMGHBHAR FheHRBEIARE RS reﬁwserpgg%%mo@é@ﬂr@e&gqu 0 th‘?

conbi nab oMbt dul dRldaSe {h!é@i%f?ﬁd%%rof%%gﬁt"ﬁlegarbﬂ td Qea?‘éﬁ(iﬁ'ffbl'i@rﬂé (fop! t opes
or subdom nant antigens While Tregs have been expanded 1 n"a non antigen
speci f ihavingyo asliyrigaRAgSubeat twhich i pobitwe thraysingtpamigeonwith b lvingtet T ¢@D23 and

anti CD28 coat ed beads, ( Put na t al. 200 to.date no one. has expanded
Tregs POdRsAIoSEHP O FPREPhgy oPor bt o HrhGETIaP g ™ Baee Tned
her ei N cafi@ siAiNAthH-MhéS rafRtsusfivuallpady@nest abl i shment of Tregs specific
for different antigens especially those which are dom nant in the i mune

response observed in autoi nmune di sease, graft vs. host disease or
transpl ant rej ebtongnnfqcfon6] Tregs were isol ated from PBMC s of autoi mmune
or Transplant patients by FACS sorting (BD FACS Aria Il high speed cell

sorter) using SERL o (TR GWP cl ean room usi ng CD4- Per CP(
SK3), CD127- PEQE%%EI- Bh K’é’&? %gdg 2\‘15%‘0?'&%3) . WD
2012/ 162620PCT/ US2012/ 039605

[0095] In patients with chronic Hepatitis, HBs antibodies are not generated but HBc

antibodies are (Ganem D et al 2004). In patients with acute hepatitis, antibodies to both
antigens are generated. >90% of neonates and 30% of children ages 1-5 develop the chronic
form while adults acutely clear the virus >90% of the time. 95% of Hepatocellular carcinoma is
associated with chronic infection with Hepatitis B virus and. HBsAg often is on the cell surface
of HCC. Given these observations, the inventors chose to study whether HBs was subdominant
in hepatitis and hepatocellular carcinoma patients and if the growth of T cells could generate
CTLs to HBs antigen which could rebalance the immune response to subdominant antigens and

be therapeutic.

[0096] Based upon this finding, we administered the CTL’s grown to HBs Ag to treat
chronic hepatitis in an animal model of hepatitis and ultimately in HBV associated HCC
patients. In the animal model, HBVtgRAG cells were administered and the tested. In the animal

which received control cells, chronic Hepatitis developed. Furthermore, when the animal
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CDA5RA- PE. Cy7 (L48) and CD45RO- PE. Cy5 (UCHLI). CD4+CD127 10/ -CD25+ and
CD4+CD127 1/- T cells were sorted and collected in 3nl X-Vivo 15 nedi a
(Lonza, Wibkerxmpd20e, MD) contai ni ng 10% hurman heat - i na®eCirnst@d/ opwos ed AB
serum (Val | ey Bi onedical, Wnchester, VA). (Alternatively, Tregs can be
separated using nmagneti c beads coated with the sane anti bodies (M tenyi

Bi ot ec, Auburn, CA). These cell were plated at 2.5x105 Tregs per well in a
24 well plate (Costar, Canbridge, MA), each well containing dendritic cells
prepared fromthe PBMC s (as described for T cell stinulation above) which

had be%@v&l’)gedm&bﬁt@@k AMdtrBe R (VRIS (& BMHABR I aftighh S IhAREmaPdvRIpEd déRe
Fol | ow ng 18 hours incubation, cells received rapanmycin (100ng/nl; Weth,

Madi somepdidis buf eloaned shel hepatitps virpsghkample 3, KigueksyP-Pl). cul ture vol une was
doubl ed and 300 units/m 1L-2 was added (Chiron, Eneryville, CA). Cells

. ] ' q
12 on' aay S00L B0 MR a Bt oy ol AR AR EhaRer Mo ufTS
Al t er nat ¢ellaklyalarivig thefapg/ ant i - CD28 coat ed mi crobeads (Invitrogen, Carl sbad,

CA) can be used for this second stinulation. Further, the gas perneable

bi oreactor ( S ex) .can be used to performthis cell growh with
fewer mani pdﬁ‘iﬁfcﬁ éﬁeﬂa%@%( o¢ K@%‘a@%?@ﬁﬁ“ﬁﬁ% ﬁ’rﬁﬁ[le& 8P Pheiahetd §‘§3d8¥m%vw h.
In anotigfegariation 1L-10 is added at the time of stinmulation with the
coated beads to drive further differentiation of the Treg to Tregl which
secrete high levels of IL-10 and regulate TH1 and Th2 responses.

[ 001079 k IFnpwedies@brisaPeefilingstdenafitis fwidare Atigen land flepdtitddnara dmtigemd
Subdom nant Antigens in Autoinmunity Step 1: |Imune Response Profiling

Hurmor al Pr Ofﬁ{rﬁ%l{ﬂ’rﬁtiﬁr Profile EL: E-%f?ﬂ%éﬂ&ﬂgl ispot or ICS (for IFN7 at

| east, also -4 andl L-12, 0 assay T cell subsets) on PBMCs
stinulated with each antigen Result: Antigen 1 strong response (dom nant);
Antigen 2 NeLIMadeSSeriRasponse (subdormRpsttor ICS (for IFNY at least, also IL-10, IL-4

and IL-12, IL-21 to assay T cell subsets) on PBMCs

stimulated with antigen
Result: Hbc strong response (dominant); Hbs No/ Modest Response (subdominant)
Step 2: Grow T cells (CD8 and CD4) to Subdominant antigen in vitro
Result: T cells responsive to HBs antigen

Step 3 (optional once therapy is well established): Confirm >5% T cells grown respond to

subdominant antigen using Cellular Immune Profiling (Elispot or ICS)

Result: 25% of the T cells respond to HBs Antigen

Providing at least 5% of T cells respond to subdominant antigens, proceed to step 4
Step 4: IV Infuse cells into patient with or without prior conditioning (e.g., cyclophosphamide)

Step 5 (may become optional once therapy is well established): Isolate PBMC’s from Blood 2-

3 weeks post infusion and Profile Immune Response

Result: Cellular Profile HBc No/Moderate response; HBs Strong response (dominant)
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WO 2012/ 162620PCT/ US2012/ 039605 Step 2: Gow T cells (CD8 and CD4) to
Subdom nant antigens in vitro; Gow Treg to dom nant antigens in vitro
Resul t: TwWoebixiee@sponsi ve to subdom nant antigens; Tre@CTASPpURABIGESt O
dom nant antigens Step 3 (optional once therapy is well established):
Confirm>5%T cells grown respond to subdom nant antigens and Treg grow to
dom nant antigens using Cellular Imune Profiling (Elispot or ICS) Result:
25% of the T cells respond to Antigens Providing at |east 5% of T
cells respond to subdom nant antigens and/or at |east 5% of Treg cells

r espondid e dTERANni@MtdspPSifkes Proceed to step 4 Step 4: |1V Infuse cells into
patient with or without prior conditioning (e.g., cyclophosphamde) Step 5
(may becone optional once therapy is well established): Isolate PBMC s from
Bl ood 2- 3 esws Jexrangerfsliesorand Profil e | mmune Response Resul t:
Cellular Profile Antigen 1 No/ Moderate effector response; Antigens 2 &

Strong Treg 565 T Eune SPIRINEWAs BhERet&i of S PESht I R R of EHPLNSRS

expected, ELISA demonstrated high titers of antibody to hepatitis B core antigen (HBc Ag) but
not to hepatitis B surface antigen (HBs Ag) (Example 3, Figure 17). However, when PBMC’s
were induced into dendritic cells, pulsed with hepatitis B core antigen (HBc Ag) and hepatitis B
surface antigen (HBs Ag) and used to grow CTL’s from PBMC’s from the same patient, a
surprising result was observed. By frequency of IFN  producing T cells on Elispot a hierarchy
was observed: no-antigen (10 sfc)<HBsAg(15 sfc)<HBcAg(45 sfc) (Example 3, Figure 14).
This indicates that Hepatitis B surface antigen was indeed subdominant relative to Hepatitis
core. Furthermore, it appeared that one epitope (FLL) of HBs was dominant by Elispot
(Example 3, Figure 14) and by ICS (Example 3, Figure 15). The peptide containing this epitope

was excluded from the pepmix that was used to grow cells from that patient.

[00100] In patients with HCC, 3/5 patients who received the T cells to
subdominant HBs (Example 3, Figure 16) cleared the HBs antigen and demonstrated CR’s to
the HCC following a transient elevation of Alanine transaminase (ALT) in Liver Function
Tests (Example 3, Figure 17 & 19). When PBMC’s from those patients were tested 2 weeks
post administration, the dominant response was to HBs rather than to HBc and to the previously
subdominant epitopes of HBs (Example 3, Figure 18) indicating that the patients had
rebalanced their immunodominance hierarchy. As a result of the therapy and the switch in

immunodominance hierarchy was providing the therapeutic benefit (Example 3, Figures 17 &

19).

[00101] Thus, T cell adoptive immunotherapy to subdominant antigens can be
used to eradicate chronic viruses and to treat cancers on which they are present. Further,
immune profiling to direct the production of T cells to subdominant antigens and epitope opens

a novel therapeutic avenue in multiple diseases.
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In autoi munity (M5- flare ups decrease, Rheumatoid Arthritis- joint

swel ling reduced, Asthma- nunber of attacks decreases, Early Type |

di abet es,wpanrwa0i s mai ntai ned), |In transplant- organPC&jusSetizosveniit e and
Gaft vs. host di sease decrease Result: Inproved clinical outcone 6.

Adm ni stration of Tregs to dom nant antigens in autoimunity or transpl ant
[00108]In still another enbodi nent, Treg agai nst dom nant antigens coul d be
conbined with T cell of the THL, TH2 or CTL subsets which are thensel ves
responsive to WD 2012/ 162620PCT/ US2012/ 039605 subdom nant antigens. Such a

conbi nati on rper)2d nor ayiftbhll WarsWikag habRBaD AIRAC Brifh, fahRitlTRANS enfb@iak ds
subdom nant epitopes. The invéntors have denonstrated synergy between the
two typléssassfeall bedlehtsdiineledinhputtarg ngteivaitgsl te Mepatitrs Cvianspd BAY viroo 19§ n an
al ter n%}l}o\ﬁ?c i%%t?:?lgllls 1Qeta’se Z:rz{neac-isoa‘tr)eetrgarté)cil\l@sirlljgsrlegglartlcqgg. o(r)\é)?an-lrlglg,%ycobacterial
tuberculosis is a chronic infection in many patients but only reactivates when the immune
system is repressed. In its dormant state, it is contained by a granuloma usually in the lung.
Recent studies of the proteome of the mycobacterial phagosome indicate that MTB represses
antigen presentation in dendritic cells to a greater degree than macrophages (Li et al. 2011). To

this end the inventors proposed that rebalancing the immune system to respond to subdominant

epitopes is a broad therapeutic approach for virtually any cancer or infectious disease.
4. Autoimmunity

[00103] Epidemiological studies demonstrate that the risk of patients developing
multiple sclerosis correlates with EBV antibody titers. By following hundreds of thousands of
individuals before they were infected with EBV and following up with them for several years
post initial infection, Ascherio et al. were able to study the 305 patients who developed MS.
Their risk increased sharply following EBV infection (Ascherio A et al. 2010). Memory CTL’s
responsive to EBNA-1 400-641 were elevated in MS patients relative to other EBV antigens
when compared to healthy individuals who were also EBV carriers (Lunemann JD et al. 2006).
EBNA-1 specific Thl cells appear capable of sustaining autoimmunity by cross recognition of
auto-antigens or bystander mechanisms. Further, transgenic mouse studies suggest that B cells
expressing LMP2a bypass normal tolerance checkpoints and enhances development of
autoimmune disease (Swanson-Mungerson M 2007).As such, while we have studied T cells
reactive to EBV subdominant epitopes as a treatment for EBV and EBV related cancers, T cells
reactive to EBV subdominant epitopes may also be useful in reinstating balance in
autoimmunity. By growing and introducing the T cells responsive to EBV latent antigens
(EBNA-1, LMP1 and LMP?2), the inventors propose that the immune response can be
rebalanced, reinducing tolerance in the autoimmune diseases with an EBV association. The
same would hold true for other viruses associated with other autoimmune disease. For example,
Picornaviruses such as Coxsackievirus B3 cause myocarditis/ dilated cardiomyopathy, type 1

diabetes, encephalitis, myositis, orchitis, hepatitis.
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culture conditions fromPBMC s of healthy donors using dendritic cells(or
irradiated PBMC's ) fromother healthy donors. In this way alloreactive
Treg |i newoto12¢medroof the MHC are establi shed and banke@#CTAS201/08468E ussed
above, 80% of the MHC could be covered with Treg |ines generated agai nst 20
to 50 MHC hapl otypes. Each of these lines could be frozen in single dose
aliquots at -80 degrees C. When an organ or BMI is perfornmed, 5x107 cells
/m2 Treg reactive to the m snatched MHC are al so transplanted into the
patient. In this way, the allogeneic rejection or graft vs. host disease is
mtigated. §oo onat g st'ﬂ'lfmlh@ﬁerﬁﬁ&fﬂnlahﬂra}gT 288248 bREn&hRE BfaifMSheRe! |
culture Device [00110] Gas perneabl e nmenbrane devices are a preferred

enbodi meypciagfd witkeorgahs Wirehicke etpan gpessfic Bé@laus@ltme dﬁmmeéngeqayseg@s

per meabl & eﬁon%er}leonscfal renugg otn%%ar? ult uor eesI e 1tgeets ﬁ%f B% P eenssur f1 are elena of
the medbrane and the VoTune s VAV Peq ired o grom1 Re 8@?? a§p|es
of t heseo@asdpenneald emeaNdre @sndt AChge:tdly pefusicaaked CXNBIVEY efdct @ ex (Wl son
Wl f). One of the useful features of this type of bioreactor is that the
cel | c@Ntogriéeesrwingh i driving the apioymEwRe EspoRse aﬁ@abﬁmﬁ Fop expaplet gRgERtiaR zat i on
of our s f r i into
ot anda G g ARV BRI B LT BB Sor oM ER O R Ml Toh it
enbodi meaimatowd althrigs peRingn e dngmmgamtrmms raspoede quiltbelralbarbar&bdmﬂaro(thrsﬂmc ks for
war m r oQ in an automated production faci]. The bloreactor t.ended for
aut ommtTUbedF B isEe PP fieril Sskinespretadp ﬂ@lflfsﬁfaﬁ Ingfod4 i PEHSU ﬁsz-l P9 ¥or  an
| ndi Vi GhiEmBFoheht 6l Be SERRMML 1 SR%rHRE & A} dpfal BhoBOITIRIEbMncin
production of dllogeneic T cell Tines. In"an I nproved nethod, th é

cul tur ehqjmmm&'sremoasmdhau setd Whli reiasthto mapnogmaue mbmtrd qventharaguiram mhmpe S0 as
to slide into h .3 S.on. a standard CO2 i é %> Eﬁf S a SI ni ficant
advant ag%°8¥- {Ae raaé@eBte‘? PEADIEYRE HF & 1 aélo rF‘ﬁl BrePbM Be “{Vﬁﬁu‘? ‘ask and
hence is blocked if it is sitting on the shelf. By having the flask be the
shel f, theres, I$K@thﬁﬁ)@dﬁﬁi@M/tO the nenbrane. A key attribute is the
flanges on the side of WD 2012/162620PCT/ US2012/ 039605 the fl ask which
allow themto haold the melght of the bioreactor. In one enbodinent, the

bi oreactor JBOMSInt o Ongrofithy RiEncinlewel immRucacgiation is drerhalarce gEdragAty t he
shel f %'ﬂﬁ!?gﬁﬁs&s offr &ﬂ?%ﬁ%h%‘éﬂ%hﬁﬁé}ﬁ of IthXVe%'ﬁS q@é&%l thB 3k lv9fT éé"le

pl astic n one of t iments, they have th oot nt of an entire
shel . ghnwﬁﬂoWMﬁsTenpnﬂsmbnhmchhﬁymemmpfm&&uﬁgzumﬁmﬂnmne@ﬁ@mﬁlT&gﬁaof a
shelf. In.a preferred enbodiment, the i u%ﬁtor is. made b NEM/Brunsmnck

For me, SPHERIRGEPILRPES BiS, CRRFaicA @S 2pahey W%hto e PBMSIaTRAIA: [N PRR

i ncubate@ho@ R MR &h&irTeOF MRS, eh&ﬁﬂé@taﬁsqls‘éﬂ aQEHE%ergjf‘e%'tlg?rodluet aﬁ@)ﬁé. n a0Rkder
enbodi ment, they fit mﬁthln a shelf which is a ne rame or on a flat in
a war mendodimdnt, thm@tdgesmbmt @fuasr:d gucantpoadionenith Ttchids frbmtothes splbseeserawd to
process r abot.i anot he t he bi actor fits
et ous smaRegops o5 Pty AR R Sl Y6t RO CE™ o
rocker anhkdnhspbEifio $eaytRReFRACS s @Rk fdlwWRIDYTRGASI WK b@ti- A2 3Nhae\wast | ng.

[ 00111] Each bloreactor i's a closed systemw th access ports to introduce

medi a, (dHpomdtbsadn@uinan @ ah7§0P) ,dmdvm netpnediap expaaded Tige mean antigen

freezi It r e S ports
oo PRt S B, BRRAE R ErIeI IR0k P8 SRERS, P
cap f Orthe/\dsbltzﬂjﬂhsllitﬁsntldﬁﬁ@@’sapﬁﬂﬁ(s ﬁirldﬁfférﬁlhlaﬁtlgéhs@@pdcﬁa@hhbd’eavlﬁd’ﬁ tuerdogfindnine

bi oreactaor. In an alternative, enbodi ment, the access port is a sterile
sheet dh theBBMerEIPONLHRAAIVER inAliRign e tisegt éfabes@B@stéaSﬁa%ﬁé)rmg@ﬂ%d i nto
the bi queag,or to inject or renove fluid cells or other reagents either
nanuallf or using an autonated robot. The devices are bar coded in order to
track them so that each patient and each cell line will have its own

dedi cat ed bi[00H¥¢t or . Tregs wireiwdatediromsPBVMEpodfatnt@mafune or iltankplsntesnntssed.

The bi rs..ar |ze to fit standard r.obotic ti on equi pnent
T ot Ot iRt ERB iR WRE ML bR G ora RSO T Hifed pelt LeBibg ]rnaanspor tors
and rogkiPGladirbsth sisg ADOPEEP3LKI3S, @1 EXPRRHE.- D -MUADhCB2BIAF®

[ 00112] Li ke the bioreactors, commer ci al mul ti pl exed i nmune profi Ilng assays
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are al so designed to enable processing of nmeasuring titers of antibodies
and T cell responses to panels of antigens. In order to do this, the

ELI SPOT aweayiiw2areed as standard 96 well plate formt eamusecappiéned. In a
preferred enbodi nent, the AlIDELI SPOT reader (Autoimun D agnosti ka,
Strassberg, Germany) is used to count the spots. Alternatively, the 96 well
plate is used to input cells into the FACS for the ICS assay. In any event,
each patient has their owmn WD 2012/ 162620PCT/ US2012/ 039605 dedi cat ed 96
wel |l plate which is bar coded and all plates are disposable. These

commer @@451@@?@@3/7841 SW&MBQSHOLPEICES g@@?ﬁﬁﬁ @ECPTRodiapnss,pf the
e

i nventi on s 1. Exanp | atent infection, |ynphonas and

Nasoph&?%éﬂ)alﬂ%aﬂ“c%tﬂ@ﬁ@ﬁ m@ﬂap@gqﬂ@tedtlhém&di NdV@li)mpdllaa(me has been
expose e _causat viru nony ured by

ant 1 bod aBeiSate e o AR E abipt Ber RO AR PSRRI s TR °G1 7 e
maj ori tmomédlbalsmﬁ@ieﬂbﬂ S/ AUt ARXPEBRESy, TeEds dafWe kepaedted @sfm% alagmdticrRhdsgens
LMP1, LMP2 and sonetimes EBNA-1. These prot ei ns are weakly I mrunogeni c but

are re§onteddithghereang aitihodise (Milfenyi Bipkas. AubimsCAA Eisse salhpvere pheditise t hey
derive 0 0, t for EBV
ot ent e ookl B Well O PyBf e QM Lok KIRIONES, LERLydPRntditife

gener atdlemtntm‘ ceﬂ?.' brdpa&:ricfm ghel RBMdm)(ras desceibed fdr I‘Iecrealrmmulla"noaddibtfe)whlch had

Nasoph r rci.noma al so expresses EBV |.atent i gens _as do ot her
t unor s o€ gr let}b(g%“[“P?@ aeaaeﬁ%t)a oYL B o 1%3@%@& 18deurst o treat
EBV | ynph@a@sh, cLifEreCaiELR aﬁ&&gvmgmlmﬂﬁgweﬁﬁﬁﬁ {\IE?ﬁ%?r[‘é 1199 i 3- 6

mont hs) and cunbersome us cel I's transformed w EBV as repeat
st i mul avltame, AFdayc h@nl,tuI@'Mthnmdaed@ubl&dmnsl 3Raynite/ml NP2 pasodided (Chirae| |

bat ches, onl whi ch had a bl e .res e to ost

e iRk S et el e el S e e B I iR LB 02 1o
the pregsgng eolsptiam QEINAREre eRtARAS] (it PeFlRIE Rl QidRicAritidlcdREA EBYativeiylsf or med
LCL cells which generated CTL's which outgrew the cells against LMP2 50% of
t he ti reti-Gl23ganti-eR2S canted mieroksads (hrwitepges Xarlsbad, Iﬁ*e%)pambéms@i for it ed with
CTL's %E:(%% 1muPaX10ngl<eurE q tl Onal Qab(fé: 1%% at:]tao (sucﬁ: n@exé can S€ H%e Wi | e
the or ar consi ere equl va { reg ar F She presence or

| ack Ofpeffeﬁﬁ)ﬁﬁ§ et grolvmuhtfékeeﬂ rﬂMﬁpﬁl@tﬁcﬁlsﬁ@ ht:lotsétaiystdm Snd’ﬁlﬁﬁ@rb& BB Ridedason
for the variable clinical response. Furthernore, the operative nodel of the

i nvent i%b8'PrtBdincnether rytatiopilk- 1@&& addedab thettivee %fa%@lulﬂm\@th therceatss hgadshe
efficig M@fm@—@%&%ﬁ@%s (gr th«%:{:téf | PhichkbdiE g sgome%ﬁ’)fpgf 204 and

[ 00114] |Ieo t|on are a ed 1n the
i nvent iregulate Al 1f aold| Th@i agpomsdshods were used to create the foll ow ng
experimental data: 40 ml to 100 ml of peripheral blood was collected from

ER MRt T (L R R

Subdominant Antigens in Autoimmunity

Step 1: Immune Response Profiling

Humoral Profile Cellular Profile
ELISA on Serum Elispot or ICS (for IFNY at least, also IL-10, IL-4
and IL-12, IL-21 to assay T cell subsets) on PBMCs

stimulated with each antigen

Result: Antigen 1 strong response (dominant); Antigen 2 No/ Modest Response

(subdominant)
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WO 2012/ 162620PCT/ US2012/ 039605 ( Nyconed, OGsl o, Norway), resuspended in
RPM 1640 (G bco, Gand Island, NY) including 2mnM L glutam ne, 100 U m
peni ci | | iwQ 20006k629 streptonycin/ m, with 10% Fetal calPCTAS2URI0896ES)
(5x106 cells/nil) and seeded onto 6 well plates (Costar Corp, Canbridge,
MA) at 107 cells/well. After 2 hours at 37 degrees C, nonadherent cells
were renoved and resuspended in FCS with 10% pol yet hyl ene gl ycol (PEGQ

pl aced in test tubes, frozen on dry ice and stored in a -80 freezer. The
adherent cells still in the 6 well plate was cultured in RPM + 10% FCS
suppl eneey BGWWL T AR @DOId@DHIE SeBdorkR@R ddti@knd ik vrP&roW Frefdd doBfhahthe
medi a was replaced with fresh nmedia including the same growth factors
descri hetdgasoveiiion day 2 and day 4. On day 6, the nedia was conpletely
replaced with the nedia described as well as the addition of 25% vol une of

macr ophage It I t I . At ti.on.. .

condi ti oned%rrég :t'arIL %@qﬁﬁg%ggl& %‘Qa‘ﬁiﬁ%@&éﬁﬁg&eﬁ?@%ﬂfﬁ% %ﬁ%%?@ﬁﬁgﬁtn coat ed
pl at es apfigeapar ed by i munogl obulin in PBS, plating and incubating at 4
degrees C overnight) for 24 hours at 37 degrees Cin RPM 10% FCS,
harvestjng the supernatant, fi]tration through 0..2 mm pore size nmenbrane
(Acr odiN®, 3 (SAURRH OBET BRERY)'s yﬁ@e%%lf @rgpnﬁg‘wgwe@& FLOVBIERPY B 8 weeks
before sH@cﬁymihQrﬁ_%ﬁﬂgérﬁ thd g‘%‘éé SroWab ?Pﬂﬁr{a%?%tf‘génguﬁﬁg’ @gﬂlﬁ%ﬁmrﬁ&% Pﬁ%ﬁlﬁngs a

source of dendritic cell nmrunof | uor escence staining wth nonocl onal
ant i bodEbspot or I(SS)r f ace markers incl udi ng CD54, CD80, CD83 and CD86 was
performed to assure dendritic cell quality (>50% of cells +). [00115] DC

stinul ators re areexposed. for 2 hours.at 37 degrees Cto proteins at a
concentrati oérll‘\:’%%l?' %%i%g?fr(r@e(sfeﬁfulsaers})%%%oi M serum free RPM 1640

suppl emented with human 132 mcroglobulin at 3 lig/m. They were then
washed and seededgat 1383 % ef TetlLrefponidad subdoniRPit ad@9enkeid/suppbaasated W t h
IL-7 5 ng/m_, 2 x106 PBMC s were added to each well for a responder to

sti nul dteg cqlkuepond todeminantiatigen, Prcesd (9ey'e 4 esti nul ated (and split into
additional wells, if necessary) on days 14 and 21 w th autol ogous peptide

| oaded vt ol 1009 At fol AdAm .
[00116] 1] £ace FaE e RS S BT 48] SR At st BT R e
viability of >70% negative culture for bacteria and fungi after 7 days,
endot 0Xitep 3 682y brgomeptivhd vnse Beyapiis walk gstablisbed)ebalatsPBMIC MroopBlasdd; | ess

than 20% ki | | i f. recipient WO 2012/ 162620PCT/ US2012/ 039605 | ynphobl asts
at a 2 :‘ﬁeeb(épi)%qﬁlf?fs@&épdPéq%ﬂglggm%%g??mfeess t han 2% CD19+ B cells, |ess

t han 2% CD14+ nonocytes and HLA identity.
Result: Cellular Profile Antigen 1 No/Moderate effector response; Antigens 2 & Strong

Treg response (dominant)
Step 6: Assess Clinical responses

In autoimmunity (MS- flare ups decrease, Rheumatoid Arthritis- joint swelling reduced,
Asthma- number of attacks decreases, Early Type I diabetes, pancreas is maintained), In

transplant- organ rejection rate and Graft vs. host disease decrease
Result: Improved clinical outcome
6. Administration of Tregs to dominant antigens in autoimmunity or transplant

[00108] In still another embodiment, Treg against dominant antigens could be

combined with T cell of the TH1, TH2 or CTL subsets which are themselves responsive to
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[00117] Pol ycl onal T cell popul ations were harvested and used as effectors
in a5 hr chromumrel ease assay. For the chrom umrel ease assays,

nonol ayerwoubtame®oof fi brobl asts established from ski nPbirasgiies3swhs CTL
donors and exposed to reconbi nant vaccinia virus (2x 106 cells per 9 cm
petri dish) Cells harvested 18 hours post transfection and | abeled for 1
hour with 51Cra4, washed three tines, and used as targets in a 5 hour
chromiumrel ease assay. Supernatants fromthe assay were harvested into 1%
f ormal dehyde before counting on a 7 counter. a. Experinent 1. The relative

f r equengyddhindntG@libéhs! SRMONGENn 4t nSHRAP HoRafilly &R R BRShallshce BN R GEHonken
Dendritic cells or activated Macrophages are uSed as antigen presenting

cel | s itpsardasubsomi@nt pRigpes] Thegeydntrs hexs desraasipated synede)f bavweerOthpave ent s

usi ng di fferent. anti ge resenting cells as stinulators: EBV transforned
I yrrphog}'pfsstogi cfegse’fnl arf}}r%légE%aL@f%éir esentati on and expansion; Dendritic cell
(DC) presentation with cytokine expansion; |FN7 Macrophage (MAC)

present at i ory. Wrtansplyitoki ne expansi on. Each of the 3 were stinulated during

antigen presentation with a mxture of 3 plasm ds expressi ng subdom nant

epi t opes of -1 (EBNA-1 wth deletion of aa 90 to 325) VP1 LMP1 with
del eti on of [EQ%J 43 ant 2k altopevesieiodinent fisg ayq SpYA qswgéhepikbﬁﬁiﬁgg one

expr esgNGeddnditidRdr-sRPENIE” § @PQ&%? liBRaTs ‘Eisiﬁ% BERERICNANESr QAL PBMENE T
cell lines so generated using the protocol of the invention were then

st udi ed fiom &ther heagthp deeorads dlyis way allorep@ih@0fre Fliges tesadhroiahe MIBC aB1Cr 1 el ease

at two different effector:target T i 1 a 10:1, re ctively,
Cort "7 enbi PR T FtE £1 b St iued ooeab Tl Rie PG B be e s L R R i Vi
pept i deingd ¥@rdtéPaatlie20 Rﬂi(ﬁﬁff@h@ﬁ]&ﬂy?@sﬂﬁa@k@ﬂh&e@?ﬁ@@&ﬁd bk F@F%n in single
representative patient usi ngwdl fferent indicated APC s to grow CTL |ine.

[0101] desmdiquetsomn —8DderiesstG.When asorgmeyr BNHT ivtnerfopnedy 810 Melly /moTee

ool cot e A5 Tk el SR ol < han €Y
[0102] aHogner réfectiSnlér gralveamst dikeabdiisanitightefier ent effector:target (E/ T)

ratios (CTL's: HLA matched fi brobl asts) HLA matched fi brobl asts pre-pul sed
with peptide m xes fromthe indjcated antigens CTL's from PBMC s of the

sane pati entd dipOstasd Igipwie BpBoee apxsedtddoygey e cellictig)Pevice
[00110] Gas permeable membrane devices are a preferred embodiment of the

culture techniques. Because the membrane is gas permeable, the scale of the culture is
determined by the surface area of the membrane and the volume of media required to grow the
cells. Examples of these gas permeable devices include Hyperstack (Corning) or Grex (Wilson
Wolf). One of the useful features of this type of bioreactor is that the cell culture process is
linearly scaleable. As part of the standardization of our approach, we have designed versions of
bioreactors which slide into standard CO, incubators for use in production suites. In a separate
embodiment, we have designed bioreactors which fit into standard stacks for warm rooms in an
automated production facility The bioreactors intended for automation are made in two sizes:
one for growth of autologous cells for an individual patient and a second larger version for the
commercial production of allogeneic T cell lines. In an improved method, the cell culture
devices are modified for automation into a rectangular shape so as to slide into the slots on a
standard CO; incubator. This is a significant advantage as the gas permeable membrane is on
the bottom of the flask and hence is blocked if it is sitting on the shelf. By having the flask be

the shelf, there is better airflow to the membrane. A key attribute is the flanges on the side of
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[0103] Concl usion: Patients have sone response to EBV dom nant antigens but
at significantly higher E/T ratios than after T cell culture [ 0104]
Fi gure 2:wblar2/mwed2ease at 20:1 effector:target (E/T) rarcoasg@riosdsohes: HLA
mat ched fi brobl asts)HLA nmatched fi broblasts pre-pul sed with peptides
representing specific HLA A2 restricted subdom nant epitopes fromLMP2 with
CTLs made fromthe sanme patient using three different nmethods as above:

[ 0105] Concl usion: Dendritic cells and Macrophages both lead to a response
to a broader nunber of subdom nant epitopes & higher levels of CIL activity

t han d%ﬂk@wﬁﬂ@alﬂ&@tﬁ%ﬁﬂ@ﬂo@ﬁle%eié}h% FRSROREGOL ® Bhd SBF Qe PiHeOPES S
different between the Dendritic cells and Macrophages [ 0106] Figures

3A and b3BeadkarGetsrivtoaessanlgss epl fragkfvdyeloformashidas inte/thRy shedftsupgor(scirandithpss :
HLA mat ched. fibr.pohl asts)HLA nat.ched f.i brobl ast re-pul.sed with, peptides
T L B Rt afR) SRRk h kO SRR AR RS brlifRSs i R O

3B. footpAdibf]an Ganed sl ol anBeBdEmbodimest, tey 20hpNBCY-0hages 0t Padf tghdli L
Lines in 90% of the patients, in contrast to the LCL which only led to 50%
of t he IcTprafpimedsenb e thsdpeubatos iyagdaly Newdraetvash&ormmThesznpBleseon,

Ther ef ot [PE r r i:

gener aty By acp| i eRiRG Al i e EbbRl: R bl e Gk U o

Fi gur e d3€gn . Y%m afill Yhathbeeniidtméial they fikimithinar eheGdhich BRBmetahitar@®aban b flaGhL

Li i VR h , Dendriti Cel | LCL [ 1 Ant i
Plr ngn%r%“mdgﬁng ?n trm(ﬁl%g %&3@@6%%?%@%%&5 the fkﬁfs% rﬁ%%ﬁdeaéldgpgwe‘?éﬁﬁgﬁolzﬂ%ﬁ%%@ and
CD25 a@ﬁu%ﬁ@dhxz&f#béayv%éiagwgl@?&rem&rfm varRs 28t 9&@%&%%%&/@9@9605

[ 0109] Concl usi on: nmet hods establish + ce not Tregs,
t he usendadiiehdinat limiedItd s renkdr which bphagthe calds e istoapsreasien poor tocr ease t he
% of C%Fve(s:t?rllgl s relative to that produced with LCLs. ELI Spot Assays:

[00111] Each bioreactor is a closed system with access ports to introduce media,
components and cells and from which to harvest the cells for freezing and quality control. In a
preferred embodiment, these access ports are tubing which ports fluids and cells in and out of
the bioreactor the cap for which has integrated solid tubes which reach the bottom of the
bioreactor. In an alternative embodiment, the access port is a sterile sheet of rubber through
which a needle or other probe can be inserted into the bioreactor to inject or remove fluid cells
or other reagents either manually or using an automated robot. The devices are bar coded in
order to track them so that each patient and each cell line will have its own dedicated
bioreactor. The bioreactor is disposable after it has been used. The bioreactors are also sized to
fit standard robotic automation equipment in automated cell culture including but not limited to

stacks, transporters and rocking agitators. Figure 31 is an example of such a bioreactor.

[00112] Like the bioreactors, commercial multiplexed immune profiling assays
are also designed to enable processing of measuring titers of antibodies and T cell responses to
panels of antigens. In order to do this, the ELISPOT assay is used as standard 96 well plate
format can be applied. In a preferred embodiment, the AIDELISPOT reader (Autoimmun
Diagnostika, Strassberg, Germany) is used to count the spots. Alternatively, the 96 well plate is

used to input cells into the FACS for the ICS assay. In any event, each patient has their own

31



[0110] Elispot assays were perforned to determ ne the nunber of T cells
produced to particular antigens. Elispot 7 IFN 96 well polyvinylidene

di f| ouri dwokackees2pl ates (M I lipore, Bedford, MA) were ®O0RUUSAN20896015
lig/mL of anti-1FN7 nonocl onal antibody 1-D K (MABTECH, Stockhol m Sweden).
5x106 PBMCs were added per well with peptide m xes 2 1.1M each from each of
the proteins and i ncubated overnight at 37 degrees C 5% CQ2. Cells were
discarded and 1 lig/m biotinylated anti-IFN7 nonocl onal antibody 7-B6-1
(MABTECH) was incubated 2- 4 hours at roomtenperature foll owed by

st r ept uliidhid 08 RjeHgR4te & HdHid bhingdp Qﬁcpb)ﬁigﬁ&% atMABIEHTE. TiR%e otiReRd10Ur S.
After a 30 mnute reaction with 5-brono-4- chloro-3-indolyl phosphate and
nitro lBbwes aed mapwheturing pgesstrearalefibptiowensudishe myventidnt  ( Bi o- Rad Ri chnond,
CA), dependi ng upon the nunmber of sanples, the spots were counted either
using a dﬁsﬁé{ﬂ pn mcroscope or on an Al DELI SPOT reader (Autoimmun

Di agnosti Ka lpassberg, Germany). Each spot was a cell reported as spot
formng cells (SFC)/ 105 PBMC s. In these assays, the positive control was
cells + 10 [l gExdimpEiA: BBY Inegainface ondpmpbhdmaasddédsophalogid oatditond  pept i de.
[0111] Figure 4: IFN producing cells (SFCs) / 105 T cells grown in vitro

as neasured i spot 112] Cancl usi on: Dendri {i | 1s and
Vot onhages (HHEY « P oprk e e mebdiaopuElrn L5 bl snmon Ak BYAiRr 63 han
LCL Optyiiy 7l MOn&clc@§RPastReRbicalby BNbsBSPRANBEBIOLE. P derdRANLeRPh IPRER

[0113] LMP2 was chosen for optimization as it is a subdom nant antigen
rel at i ved slutEBRishagmajedity pieitnpp@iistbpt efprEwesulosolevlant latapi awpess EdBdgni zed

appear be on thi rotein as identified, using consensus sof.tware and

bt SovP Ry 87 R A b SR o TGS B R M PR 035605
nunber RfintgbHe MiriiodleneRitt KRGS sf8C BIOIZE they ldMde PRE0BAIahily BBHOB ¥, aD%T0r €
pl asm ds. The follow ng plasm ds were constructed in the p shuttle or pUC19

pl asni @f iferRhomas st ppsivre for EBGMatapt artiacer- Tawe theseianfigng|camyayansiapastsy A
Pl asm g%éhégglﬁe@%t{ﬁ%fgﬁgg%gﬂs@?m foptitMeAindShy. 8% 98aitiBR NasdfRkyddiasm d 3

LMP2A aa
carcinoma also expresses EBV latent antigens as do other tumors (e.g.-10% of gastric cancer).

While CTL’s have been used to treat EBV lymphomas, the current production methods are
time consuming (3-6 months) and cumbersome using B cells transformed with EBV as repeat
stimulation. Further, CTL’s made in this way to LMP2 produced T cell batches only half of
which had a detectable response to LMP2 post production. The inventors believed that the
reasons for this were due to the presence of dominant epitopes from EBV proteins in the EBV
transformed LCL cells which generated CTL’s which outgrew the cells against LMP2 50% of
the time. In patients with bulky tumors, 52% of the patients treated with CTL’s produced by the
traditional process had a complete response. While the prior art considered all CTL’s
equivalent regardless of the presence or lack of response to LMP2, the inventors felt that this
may be one reason for the variable clinical response. Furthermore, the operative model of the
invention predicted that this was indeed the case. Hence increasing the efficiency of CTL

generation to LMP2 may be clinically important.

[00114] While other methods of CTL production are also embodied in the
invention, the following methods were used to create the following experimental data: 40 ml to
100 ml of peripheral blood was collected from the patients in Vacutainer tubes. Peripheral

Blood Mononuclear cells (PBMC’s) were isolated by centrifugation on Lymphoprep
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Plasmd 4 LMP2A (aa 120-399) Plasmid 5 LMP2A (aa 400-497) Plasmd 6 LMP2A
(aa 120-440) Plasmd 7 LMP2A (aad440-497) Plasm d 8 LMP2A (aa 1-399) Plasm d
9 LMP2A (Wwa400/%262) [0114] Al plasm ds were gener aceasSasi2/ogeess andar d
procedures in SCS110 bacteria strains (Stratagene, La Jolla, CA) and
purified with Endo free Plasm d Maxi kit (Q agen, Hilden, Germany). Antigen
presenting cells were transfected 24 hours after maturation using the Amaxa
DC Nucl eof ection Kit (Amaxa, Koeln, Germany) with 2-20 lig plasm d DNA per
106 cells. [0115] T cell inmmunosubdom nant epitopes on LMP2 include

but ar N?/@&méd msloe@hotr@%y[%ue%%%ﬁdéﬁz REMY L34 t}ﬂ!fdeAGéal?d ﬁ%n@%@ﬂ%@hﬂﬁﬂ;
CLGGLLTMW/ HLA'A 201 TED 200-208 | EDPPFNSL HLA B4

2012/ 1e2640PgdTausad 190 08960En88Gn 3B ;%or@mmﬁusxmumwm&qmm&mm 19- 427
YGRS AR LS A0S0, L AVLTA HALRS LTA fo2 061 LTAGELIFL LA
vere syBlifgel ZeGerakh MSAB R FRS T, hdhadhESROARHS Svetdrembied hfd RITPeARIANS ON
HLA- A2 expressing fibroblasts isolated from skin of PBMC donors.

FCS with 10% polyethylene glycol (PEG) placed in test tubes, frozen on dry ice and stored in a

-80 freezer. The adherent cells still in the 6 well plate was cultured in RPMI + 10% FCS

supplemented with 50 ng of GM-CSF and 1000 U of IL-4 per ml. Half of the media was

replaced with fresh media including the same growth factors described above on day 2 and day

4. On day 6, the media was completely replaced with the media described as well as the

addition of 25% volume of macrophage conditioned medium to stimulate maturation.

Macrophage conditioned media was produced by PBMCs adherent to immunoglobulin coated

plates (prepared by immunoglobulin in PBS, plating and incubating at 4 degrees C overnight)

for 24 hours at 37 degrees C in RPMI 10% FCS, harvesting the supernatant, filtration through a

0.2 mm pore size membrane (Acrodisc, Gelman Sciences) and storage at -20 degrees C for up

to 8 weeks before use. Nonadherent cells were harvested 2 days later and used as a source of

dendritic cells. Immunofluorescence staining with monoclonal antibodies for surface markers

including CD54, CD80, CD83 and CD86 was performed to assure dendritic cell quality (>50%

of cells +).

[00115] DC stimulators were preexposed for 2 hours at 37 degrees C to proteins
at a concentration of pg/ml (50 for peptides) in serum free RPMI 1640 supplemented with
human (32 microglobulin at 3 pg/ml. They were then washed and seeded at 10° cells/ 2 ml well
in RPMI 10% FCS supplemented with IL-7 5 ng/ml. 2 x10° PBMC’s were added to each well
for a responder to stimulator ratio of 20:1. The cultures were restimulated (and split into
additional wells, if necessary) on days 14 and 21 with autologous peptide loaded dendritic cells

in RPMI 10% FCS supplemented with IL-2 at 20 U/ml.

[00116] Release testing of CTL’s to be used for treating patients included
viability of >70%, negative culture for bacteria and fungi after 7 days, endotoxin testing less

than 5 EU/ ml, negative results for Mycoplasma, less than 20% killing of recipient
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[0117] Figure 5: 51Cr release at 20:1 effector:target (E/T) ratios (CIL

Li nes: HLA matched fi brobl asts)HLA matched fi brobl asts pre-pulsed with

pepti des woam2aeB20 CTL Lines established with LMP2 spl PCTars2d12/029603 or 4
plasm ds (1P: 497 aa LMP2B; 2P: LMP2A 1st exon (119 aa) on 1 plasm d, LMP2A
2nd exon (378 aa); 3P LMP2A 1st exon (119 aa) on 1 plasm d, LMP2A (120-399
aa) on plasmd 2 and LMP2A (400-497 aa) on 3ltiplasmd; 4P. LMP2A 1st exon
(119 aa) on 1 plasmd, LMP2A (120-399 aa) on plasmd 2 LMP2A (400-440 aa)
on 31t1 plasm d LMP2A (440-497 aa) on 4th plasmd; 2P 2: Plasmd 1 (aa

120- 44Qymphdrastd A a20( BAtid 493 CF Seldase assays, 143 U3 2600 1S iBadils I8dsi thad 2@ t he

LMP2 into at |least two plasm ds one containing aa 400 to 497, the other
cont ai kilngt messiodyies atsbHbA€ld@88yr esul ts in stronger responses to a greater
nunber of subdom nant epitopes [0119] EBNA-1 amino acid 90 to 325

correspondi Gy t L wer. h -
sequence angg(l)fnl?(lr t ed%oﬁfccﬁjoq.{gﬁz Cﬁﬂgﬁﬁ%@l@gﬁp eégﬁ‘l&rggsﬁgddlel{dq{pﬁ% a%%ﬁ%r%gf %no? 5t he
CW pr ¢ioh®miurhhitlsassequgnBer thashisalianreldadearsage | meérodayebedlatrseofi fibrolasts

denonstrated tq inhibit peptide processing. The follow ng HLA-A2 restricted
pept i d&siBlsshed bgm ginbiopsiss pldshbenors ypgkesppscdpieeqabipgnt vaccinia virus (4o o]

Furt her1@®£§13.ﬂcw3);?1§1&%ﬂﬁﬁ?c}é‘ﬁ§ha%@s%r%%d’éﬂrst s@ﬁaﬂsf&%oﬁ%h@}f%g%gffgrlf;ﬁﬁﬁent

its aggregatio ection from proteosonme processing) an | et ed
(5 copiveigh O€rQ] wavedabit2 tibGRARURGTI WISACKERY 036! @hiontumatidateanshym
repeats). These sequences were constructed in the p shuttle plasm d under
cont r olSUBFIIRRBISENN Beghtverera Ay vedap e 4adoraldehyde bgipse ¢BLing 98 adssess

br eadt b of..f esponse, the followi ng HLA-A2 restricted epitopes of LMP1 were
prepared and tested: YLL 125-133 YLLEMLWRL HLA A2 YLQ 159- 167 YLOQNWATL HLA
A2 TLL 166-174 TLLVDLLW.L HLA A2 LLV 167-175 LLVDLLW.L HLA A2 LLL 92-100
LLLI ALMAL HLA A2 BRp&iha®t- 11 4he RtGNVE fvdgueityof AR cells respo0did g o Ribgomaesan6A and

6B: 51Cr release at 20.1 effector:tarqget. T) ratio CTL,Li nes: HLA

S ched 11 bt ohT SEPUOROA sEbsg ot Lt B O M PRI et % omm
EBNA-1 or LMP 1: .68 rb&@in OkelfsThstbddt¥y gst abl i shed with EBNA-1 wild type
vs. EBNA-1 deleted and LMP1 wild type vs. LMP1 del eted. [0122]

Concl usion: Del etion of certain regions of {)rotei ns whi ch evade antigen
processi ng 88U s i n Ts¢alldinge wererigpiied &romol Gpajicatusingiditierenbintigabdoni nant

epi t Op%?esenting cells as stimulators: EBV transformed lymphoblastoid cell lines (LCL) presentation
and expansion; Dendritic cell (DC) presentation with cytokine expansion; IFNY Macrophage
(MAC) presentation with cytokine expansion. Each of the 3 were stimulated during antigen
presentation with a mixture of 3 plasmids expressing subdominant epitopes of EBNA-1
(EBNA-1 with deletion of aa 90 to 325), LMP1 ( LMP1 with deletion of aa 1-43 and aa 260-
315) and LMP2 (LMP2A in 2 plasmids one expressing aa 1-399 and the second plasmid
expressing aa 400-497). The T cell lines so generated using the protocol of the invention were

then studied in 7'Cr release assay.

[0100] Figures 1A and 1B: S1Cr release at two different effector:target (E/T) ratios, 20:1
and 10:1, respectively, (CTL line: HLA matched fibroblasts) HLA matched fibroblasts pre-
pulsed with peptide mixes from the indicated antigens, CTL’s expanded from representative

patient using different indicated APC’s to grow CTL line.

[0101] Conclusion: Dendritic cells (DC) and Macrophages (MAC) more selectively
stimulate the growth of CTL’s to subdominant antigens than EBV transformed B cells (LCL’s).
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b. Exanple 2 [0123] In the follow ng experinents, T cells were grown
in the sane way as outlined in Exanple 1 above, with different variations
desi gned wo 2enfimee anti gen processing to favor T cel | spPceasténa3wns h t he
producti on of subdom nant epitopes. [0124] Figure 7: (51Cr release) Cr
rel ease at 20:1 effector:target (E/T) ratios (CTL Lines: HLA matched

fi brobl asts) HLA matched fi brobl asts pre-pul sed with peptides representing
Dom nant antigen (EBNA-3A), Subdom nant antigen (LMP2) and specific HLA A2
restricted subdom nant epitopes fromLMP2 with CTLs nmade fromthe sane

pat i ent ust o10MPFRALAE6I62ARGTL WSAAL2I ARG bLl @rBNbuiaRIIdS: © one
with 100nMto 300nM bortezom b added during antigen presentation, one

wi t houtHLA matchefl gibp@BlascoHEushtehed felidblabto preopulsdsewith pepsisls omsesiteradomi st
g AR VI TV RS A R RS M R S ol R

gener ate roa er o om nan opes W a nodest
decr easeefbre dul@re) esponse to dom nant epitopes [0126] Figure 8: (51Cr
rel ease) Cr release at 20:1 effector:target (E/T) ratios (CTL Lines: HLA

mat ched fi brgbl asts) HLA mat ched fi brobl asts pre- g{ul sed with peptides
repr esent i ngVBSHiGPARIUSigRt PjieAtsrmrpemayespaisp dohPratrmigmtiggeecnsvps)  and
speci T ise i An e nlhet £/T0hLA0s &H}?QR%(}'J;‘?%R&R&& opes from LMP2 with CTLs nmade

fromthe sanme patient using two rent methods : one with 10 ng/m
Interferon 7 (1 FN7) added 12 hours before and during antigen presentation,
one wi t hout .[0104] Figyro 227 Gderst as2®b heffedai tigon(T) taENg (QTk LingsOTLAant i gen

tati ifi ti i t te CTL' t br.oad
umber "ot e T apre e es RPN rhoauS:LE P o f e ptite o
dom narML £t eRESted Iﬂlﬂio‘?ﬁifl@fﬁtepi.t%e@@foﬁl Hhvamakite CITs Meele PRAGE Sahb PhtidiR
dendritic cells. c. Exanple 3: patitis and Hepatocel |l ul ar carcinoma

[ 0128] uaingvlyse diftsaent nithedsrapabevehepat i tis has been recently devel oped which
allows the study of the prinmary and secondary i nmune response in hepatitis

B (Publicov . :Thi i r en
HBV-r epl i caﬁp%ok]ﬁogggagﬁ?%gﬁrﬁrgémf %@%W%&%g%%%i%8%%§@8 ?%%)\r,l% for 15
gener atbreudsr idrhiedt of euislointindrit ¢pitgypeal’l biwherieveds off €PL iactatityaharadebsigllease of
virions and RAG 1 deficient m ce making themunable to generate T and B

cel | s. W@Aznige opedrtopicete diffaentepifepeyis difars heeeseBsPadkic cehsaidmune

systemM&rgﬁﬁ%%gsti tuted and the primary i mmune response to hepatitis
infection I's deled. If one adm nisters the spleenocytes to young (3-4
week old) mce, the animals (silm' lar to young children infected with
Hepatitis B)OHSIdippechh ond 3BHEPatdledss al Ike ctibeoaraeh &/Th tagips (CBRILIMBE but

s TR T DA VS e R FBURS Frltlo FeTRR G

Stimulation in Figure 3A and DC/MAC stimulation in Figure 3B.

[0107] Conclusion: Dendritic cells and Macrophages lead to CTL Lines in 90% of the
patients, in contrast to the LCL which only led to 50% of the CTL lines from the patients
having a detectable LMP2 response. Therefore, the DC/MAC process is more robust and

reproducible for generating T cells to subdominant antigens and epitopes.

[0108] Figure 3C: % of Viable CD3" Cells which are CD4", CD8" and CD25" in CTL
Lines grown using Macrophage, Dendritic Cells or LCL cells as Antigen Presenting Cells.
Lines were stained with antibodies for CD3, CD4, CD8 and CD25 and analyzed by Flow
Cytometry.
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WO 2012/ 162620PCT/ US2012/ 039605 [0129] Al ani ne am notranferase were
measured using ALT-L3K kit (Di agnostic Chem cals Ltd) on a Cobas Mras Pl us
anal yzer wBaeoteeietizagnosti cs). HBs Ag was neasured usi ngPETIUSMAX0296P% us
(Diasorin; HBs Anti body was neasured using ETI-AB- AUK- PLUS and ABAU
standard set (Diasorin). HBcAB was neasured using ETI-AB- COREK- PLUS
(Diasorin). Assays were read on ELx800 (Biotek Instrunents) wavel ength
450nm and 630 nm [0130] Figure 9: HBVtgRAG nouse nodel of chronic
hepatitis B. [0131] T cells were grown to HBs ex vivo using our

protocol anqoigu)&Wnerisy: Wik aUehdhdddi8GbliCBsAcMRakE nBOBleg!, RSl Of the
original spleenocytes. Atitration was perfornmed from 1x105to 1x108 cells

with plRandtitic addhiaadeepcaephages0s AR s appeass todncrbase sheete BET, celbirelativedp |

r ebal an itngocfu@e%‘%mfi@ ears chronic hepatitis in the HBVt gRAG nodel .

[0132] |é)ure ; reaLt iment of HBVt gRAG nodel with T cells reactive to HBs
Ag lead to acute inflammation and cl earance of the previously chronic

i nf ect iRMISpot Assayst 0133] When IL-4 or |L-21 were used as a supplenent to the
medi um during antigen presentation, the anmount of T cells required to

achi eve pl at ffect was 5x105_and 7x104, respectively. This nunber of
cells is nor[ﬁﬂ*ﬂ%%lsaoqaé@wmmﬁ% °qtg, frt?@ng&@sﬁlagaver o T el radies o 1 L- 15

pr ot ocq| iL,hdi.cat i i . j : r O

POl 11 cal e e g R o e R O e ana,
pol ar i Bdtcrd, MIAD) RverdcdaZed With @8 giganlt dfenturNgmabcloahl sitibedy xDIR required for
pl at eau and IrE)ol arization to Trggivm'ét h I1L-2 and rapanycin elin nates the

r espondMARBTEGHy diggkholm, Swedeam 3991 0DPBMreviere@dfiedipes esdinwith pemislengizes 2 i n

Pl o L Ayt BT PR L RSB T o

Condi t iyans diUTB&T arff 1 Tg/Bf IbhstinkyitddeaRiDIFRyah&@lonal antibody 7-B6-1 (MABTECH)
was incubated 2- 4 hours at room temperature followed by streptavidin conjugated alkaline
phosphatase (MABTECH) for 2 more hours. After a 30 minute reaction with 5-bromo-4-
chloro-3-indolyl phosphate and nitro blue tetrazolium from the alk-phos substrate kit (Bio-Rad
Richmond, CA), depending upon the number of samples, the spots were counted either using a
dissection microscope or on an AIDELISPOT reader (Autoimmun Diagnostika, Strassberg,
Germany). Each spot was a cell reported as spot forming cells (SFC)/ 10° PBMC’s. In these

assays, the positive control was cells + 10 pg/ml PHA and negative control was cells alone

without peptide.

[0111] Figure 4: IFN  producing cells (SFC’s) / 105 T cells grown in vitro as
measured by Elispot

[0112] Conclusion: Dendritic cells and Macrophages more selectively expand T cells to

subdominant antigens than LCL
Optimizing antigens to establish responses to subdominant epitopes

[0113] LMP2 was chosen for optimization as it is a subdominant antigen relative to
EBNA-3 and the majority of EBV subdominant epitopes recognized appeared to be on this

protein as identified using consensus software and PBMC testing. In an effort to increase the
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| L-15 1x106 IL-15-FlIL-4 5x105 WO 2012/162620PCT/ US2012/039605 | L-15+IL-12
1x107 | L-15+1L-21 7x104
WO 2012/162620 PCT/US2012/039605

number of subdominant epitopes recognized, LMP2 was split onto two or more plasmids. The
following plasmids were constructed in the p shuttle or pUC19 plasmid under control of the

CMYV promoter and artificial ATG and poly A:
Plasmid 1 LMP2B (aa 1-497)

Plasmid 2 LMP2A 1% exon (aa 1-119)
Plasmid 3 LMP2A 2™ exon (aa 120-497)
Plasmid 4 LMP2A (aa 120-399)

Plasmid 5 LMP2A (aa 400-497)

Plasmid 6 LMP2A (aa 120-440)

Plasmid 7 LMP2A (aa440-497)

Plasmid 8 LMP2A (aa 1-399)

Plasmid 9 LMP2A (aa400-497)

[0114] All plasmids were generated using standard procedures in SCS110 bacteria
strains (Stratagene, La Jolla, CA) and purified with Endo free Plasmid Maxi kit (Qiagen,
Hilden, Germany). Antigen presenting cells were transfected 24 hours after maturation using
the Amaxa DC Nucleofection Kit (Amaxa, Koeln, Germany) with 2-20 ug plasmid DNA per
10° cells.

[0115] T cell immunosubdominant epitopes on LMP2 include but are not limited to:
LLW 329-337 LLWTLVVLL HLA A 2.01
CLG 426-434 CLGGLLTMYV HLA A 2.01

IED 200-208 IEDPPENSL HLA B 40.01
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| L- 2+r apanmyci n No response [0135] Therefore, polarization of the T
cells to different T cell subsets has inportant therapeutic effects.

[0136] Towoevberweaere the effect of T cell therapy on thePCrase@noy9605 T
cells to different epitopes, the % of |IFN7 producing epitopes to different
epi topes was determ ned by Elispot. At week 6 post transplant, spleenocytes
were collected from HBVt gRAG m ce who were untreated or treated with

pl ateau levels of T cells raised to HBs Ag. The spl eenocytes were pul sed
with Hepatitis Core Antigen (HBc), Hepatitis Surface Antigen (HBs) or two

Kb restggcciadsepsdskaspidkHBeA A LSopr WAL, HBs Ag 190- 197 VWALSVI WM Kb HBs
Ag 208-215 I LSPFLPL Kb The follow ng results were observed: [ 0137]

Figure 11: Treatnment with HBs T cells rebal ances the i Mmune systemto a new
doni narlc€C Hil&rtdy dMPVEMCL HbA3834.0% can be seen, T cell |ines produced

usi ng our protocol generated a significantly higher T cell response to HBs

and a qjﬂ%ﬂﬂ%ﬁ@ﬁgwﬁq\&ﬁﬁgo&e to HBc. The HBs response was driven

pr edom na y a de novo response to a previously subdom nant epitope
(WAL). Thus, the dom nance hierarchy within HBs was switched by T cell

r ebal andiAzgs3 her BppGEE.IFhéllAedafonse whi ch exists in untreated ani mals

(al beit weak) is against the dom nant epitope (ILS) switching the overall

bal anc ({] AEE{Y respgn i n,favor of the previously subdom nant HBs
anti ge%L‘S}e?% ?Q/ X%(ipﬁ% )gasl y domi nant HBc antigen.
[0116] Peptides for these epitopes were synthesized and used to test CTL responses in
31Cr release assays on HLA-A2 expressing fibroblasts isolated from skin of PBMC donors.

[0117] Figure 5: SICr release at 20:1 effector:target (E/T) ratios (CTL Lines: HLA
matched fibroblasts)HLA matched fibroblasts pre-pulsed with peptides from LMP2: CTL Lines
established with LMP2 spliton 1, 2, 3 or 4 plasmids (1P: 497 aa LMP2B; 2P: LMP2A 1* exon
(119 aa) on 1 plasmid, LMP2A 2™ exon (378 aa); 3P LMP2A 1% exon (119 aa) on 1 plasmid,
LMP2A (120-399 aa) on plasmid 2 and LMP2A (400-497 aa) on 34 plasmid; 4P: LMP2A 1*
exon (119 aa) on 1 plasmid, LMP2A (120-399 aa) on plasmid 2 LMP2A (400-440 aa) on 31
plasmid LMP2A (440-497 aa) on 4"h plasmid; 2P 2: Plasmid 1 (aa 120-440), Plasmid 2 (aa 440-
497)

[0118] Conclusion: Splitting the LMP2 into at least two plasmids one containing aa 400
to 497, the other containing residues before 399 results in stronger responses to a greater

number of subdominant epitopes

[0119] EBNA-1 amino acid 90 to 325 corresponding to Gly Ala repeat domain were
deleted from the EBNA-1 sequence and inserted into the p shuttle plasmid under the control of
the CMV promoter. This sequence was selected for deletion because it was demonstrated to
inhibit peptide processing. The following HLA-A2 restricted peptide was used to assess
response: VLK 574-582 HLA A2.

[0120] Furthermore, LMP1 sequence was prepared with aa 1-43 deleted (to prevent its

aggregation/protection from proteosome processing) and 260-315 deleted (5 copies of 11
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WO 2012/ 162620PCT/ US2012/ 039605 [0139] The HBVt gRAG nouse nodel was
al so used to investigate whether in vivo nethods could al so rebal ance
i mmunodomvoantéiechdzer ar chi es. | n one approach, the inventrorTaszoizmsteesl HBs

Antigen in Freund' s adjuvant by tail vein injection (1V) , intranuscularly
(I'M or intraperitoneally (IP). Alternatively, 10014 plasm d DNA was
adm ni stered per nouse (data not shown). [0140] Figure 12: The IM

route of adm nistration results in a broader response to subdom nant
antigens as dose treatnment with a protease inhibitor during vaccination.

[0141] 2ASn&&Ad BAJISEEEpeads) AThEsS §dRBARE WeRSRMEE:teSindREO B kRGBS pR¥midVinder
adm nistration relative to the other two and this is associated with a

r esponsentre afitee SMOHpieintaertand spmppred withy whé typeLeVIP Whlemassdss braadihsd was
treated with th rote nt a. i st. _bor i b, and th ti.gen was

acm i Sreray o PREbEEREE AL AR P Lop A Res el e

accent uat ed. [0142] In a second, set of experinents the response

al one ard. i 25-¢AVILEEDLWRINHLWOAMBS reactive nurine anti bodi es of different
i sotypes (1gGl vs. IgQxa): Mnoclonal antibodies to HBs Ag 10-HO5 Murine

lgGL HB itzgerald ncord, ) 10- HO5A Murine | g&a HBsAg
(Fi tzgg‘ggéggééﬂ%mNm%L Ipngpf 143] Figure 13: |1gQ&a nonocl onal anti body
but not 1gGl anti body specific for HBs Ag results in a different dom nance

hi er ar ey, e 181 onL.VDEanvl Yy tiek taer anti gen presentation by the IV route.
[0144] When the antigen antibody conpl ex was adm ni stered intravenously and

IM the I\gGZa conBI ex generated nore of a response to the subdom nant
epi t opdL\ELeT-héy LLVRIL WEbtHedIAZevel oped a near conparabl e | evel of inmune
response by IV admnistration to that achieved by I M adm nistration

i ndi Catﬂﬂl%%ﬁ‘é’é LLMI&%WI\TE?I‘LW‘K on of 1g&a imune conpl exes may be able to
rebal ance the | nmunodom nance hierarchy in vivo.

RLG 132-140 RLGATIWQL HLA A2

[0121] Figures 6A and 6B: S1Cr release at 20:1 effector:target (E/T) ratios (CTL Lines:
HLA matched fibroblasts)HLA matched fibroblasts pre-pulsed with peptides from EBNA-1 or
LMP1: Comparison of CTL Lines established with EBNA-1 wild type vs. EBNA-1 deleted and
LMP1 wild type vs. LMPI deleted.

[0122] Conclusion: Deletion of certain regions of proteins which evade antigen

processing results in stronger responses to a greater number of subdominant epitopes
b. Example 2

[0123] In the following experiments, T cells were grown in the same way as outlined in
Example 1 above, with different variations designed to enhance antigen processing to favor T

cells reactive with the production of subdominant epitopes.

[0124] Figure 7: (SICr release) Cr release at 20:1 effector:target (E/T) ratios (CTL
Lines: HLA matched fibroblasts)HLA matched fibroblasts pre-pulsed with peptides
representing Dominant antigen (EBNA-3A), Subdominant antigen (LMP2) and specific HLA

A2 restricted subdominant epitopes from LMP2 with CTLs made from the same patient using
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WO 2012/ 162620PCT/ US2012/ 039605 [ 0145] The inventors hypot hesize
that the likely mechanismfor this observation is that 1gQ&a binds the high
af fi ni ty WORomiced20i s preferentially expressed on dendr pCirawse@hklozssahd t hus
targets the HBs antigen to dendritic cells. Additionally, as HBs Ag a
determnant first loop (aa 124-147) is the major epitope for recognition by
neutralizing anti bodies and the ILS epitope is further away, it could be
that antigen processing for ILS is enhanced. Clinical trial of T cell

rebal ancing therapy in HBV associ ated Hepatocel | ul ar carci noma

[0146] twoR@tdrEfttSetMbdsh oiBWiNBORKIG V0N NES SR tebhitfhdded Qﬂtﬁﬂ%ﬁrﬁi defmune

profiled for their Hunoral and cellular imune response. Pretreatnent
cl i ni careseatboemtooe yithewt i ng denonstrated high titers of antibody to
hepatitis B core antigen (HBc Ag) but not to hepatitis B surface antigen

(HBs Ag) (Fi - o re | e ftic
cells, pul ségﬁwﬁ t(#%%léups)lg{l i {%fi%ltlégt%:)gﬁ% @%&%e%hﬁgygﬁ%%g%@%@@s

sur f acendgdn gesen(dtBs nAglifianttipaesotaspg owgénbiite €T O PBMEIS nuhibehofver e
tested by Elispot for IFN7. [0148] Figure 14: Nunber of Spot formng cells
in 105 sn%k%mw@mt%iveﬂxa@?dest decreasp @y thg|rempnse e JQENRANt PILAREN 7 pr oduci ng
T cells on Elispot a hierarchy was observed: no-antigen(10 sfc)<HB5Ag(15

sf c) <HBcAg( ‘tﬁlzl‘f@c] Bieurd Bi € L@eﬂgleﬁﬁt) s rdibat a{'@(?@tekﬁe.&t%rzér%f' 'fﬁ/g? SatRRYEPEN 1S

subdom nant relative to patitis core antigen. Additionally, pepti des of
HBs ( FlLlinesCGHE Aamdtch¢dSibrablasts §1ludlingdcheBiBroigaseOpr2 §ubked FRINPEptigEsA- A* 201 HBs

Ag 185-194 SPTVW.SV,  HLA- A* H 08-216 | LSPELPLL. HLA- A*.20
[ 0150] "FHE>RELS §8B’t“?a&‘é a%fb%?&éﬁ%‘ At'ggPyeAsq’?ﬁPl@‘H‘caPﬁla‘lﬁléﬁ? HI;W:P E? Hwvat! lFiJfW? e
response feoiridRa swhdorkifhREhabhd fRith LMIECRHE €10k mdie R khe @SR PAGEt uking
dom nance hi erarchy was confirmed by |ICS assays:

two different methods : one with 10 ng/ml Interferon y (IFN7y) added 12 hours before and

during antigen presentation, one without.

[0127] Conclusion: Addition of IFNY during CTL antigen presentation modifies antigen
processing to generate CTL’s to a broader number of subdominant epitopes with a modest
decrease in the response to dominant epitopes. The effect is more dramatic in Macrophages

than in dendritic cells.
c. Example 3: Hepatitis and Hepatocellular carcinoma

[0128] A mouse model of chronic hepatitis has been recently developed which allows
the study of the primary and secondary immune response in hepatitis B (Publicover J et al.
2011). This HBVtgRAG mouse is a cross between HBV-replication transgenic mice (HBVRpl)
in the C57BL/6 background for 15 generations which constitutively allows viral replication and
release of virions and RAG-1 deficient mice making them unable to generate T and B cells.
When 10° spleenocytes are transferred from C57BL/6 mice, the immune system is reconstituted
and the primary immune response to hepatitis infection is modeled. If one administers the
spleenocytes to young (3-4 week old) mice, the animals (similar to young children infected
with Hepatitis B) develop chronic Hepatitis. Like the humans, they clear HBc but HBs remains
at high levels in the serum (Figure 1). This model of chronic hepatitis was used in the following

experiments.
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WO 2012/ 162620PCT/ US2012/ 039605 I ntracel | ul ar cytoki ne staining (ICS)

[ 0151] 5x105 CTL were resuspended and i ncubated for an hour in 100 pl of
1XPBS 1%WQaS0wtsbe2pepti de (10-5 to 10-9 M final concent pariusa)i2@egs Pl ug
(BD Bi osci ences, San Diego, CA) was then added , cells were incubated at 37
degrees C 5% CO2 for 5 hours, pelleted, washed in 200pl PBS 1%CS and
stained for surface antigens (CD4 fluorescein isothiocyanate and CD8

al | ophycocyani n( Phar mi ngen, Becton Di ckinson) 30 m nutes at 4 degrees C

Fol | ow ng resuspension in fixation and perneabilization solution, cells

were stai neqoy2d)niafihé aRBRAntFENE RRYCRBANII isth RNRITBKER (DiaBRstié/ 20
dilution on ice for 30 m nutes, washed once and resuspended rn PBS 1% FCS

and andhgmechlohtdracs (Chas MiaB&bisonalDeakReskndiag@sgey). HEBgdgev assneasgsd

Anal ysi s. of t o~HBs .epif 0Re 0153], Al t ghyt r nses
ot evt A58 FR A& S EM Tt REHF BB R RTRod worupPRERY Bl R Ak EEROR o nan
rel atiwad tAB A 8taatifidrset (Ma@ph}. GIRAB was meh QikedHisibX 06 APBVORERMWPIL®/S sol at ed
fromeach patient and T cells were grown as per our protocol using HBs 15
ner pepPiddednniiveys 31 fad ep ElpBeQ (ﬁ@w&ﬂmt@@ww WV@lﬁ@gtbééina@no\ﬁg@i Nfhe

excl usion of peptide 15-30 (to elimnate FLL). IL-4 + IL-15 were used

during the J: | I aneh frozen with an
al i quot takggpﬁr%’l%ﬁfgb%?g‘? s[tklainrg&&%m[ gflégg?lﬁlb:?g%ruglg%& HBs Cells are the

majority of the T cells which are adm nistered to the patient and these
respond to gPEMi]duslly veubgiominrtadtBsaaxtiigemsng our protpOdl 56§l ijsctediby bé vegen, t he

CTL i t ed | t | usi vel tiye.to th i |
subdom WEFHO A R B BRELh TR orfand! Spieptaedley Atiolian BGs Piorrdlichus) y
subdomRapt (oeRi1HORER -wihIHaRa VB Ee @ O 1Y chiYs, IR ibP el beRsv Ofr trelix 108

cells /nm2 and the patients were nonitored. [0157] Figure 17: The patient
has an relwilneinfgl thémpyacldars lkbrongd lepattis inghdq HBattgR AS. model.

[0132] Figure 10: Treatment of HBVtgRAG model with T cells reactive to HBs Ag

lead to acute inflammation and clearance of the previously chronic infection.

[0133] When IL-4 or IL-21 were used as a supplement to the medium during antigen
presentation, the amount of T cells required to achieve plateau effect was 5%107 and 7x10%,
respectively. This number of cells is more than a log lower than T cells expanded in the
standard IL-15 protocol and indicates that polarization during culture towards T follicular
helper cells and TH2 cells is advantageous. On the other hand, polarization with IL-12
increased the number of cells to 1x10’ required for plateau and polarization to Treg with IL-2

and rapamycin eliminates the response to therapy.

[0134] Different Culture conditions result in polarization to different T cell subsets and

different numbers of T cells to reach plateau in clearing Hepatitis in the HBVtgRAG mouse

Culture Conditions Number of T cells to Reach Plateau
IL-15 1x10°
IL-15+1L-4 5%10°
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WO 2012/ 162620PCT/ US2012/ 039605 [0158] After devel oping acute
hepatitis, the patient resol ved and conpletely cleared the hepatitis. On
day 14, PBbRo/med2e¢ again collected and a profile of theczalshukasshimune
response was re-determ ned. [0159] Figure 18: The patient's

i mmunodom nance hi erarchy has been rebal anced to the previously subdom nant
antigen (HBs) and the previously subdom nant epitopes on that antigen.
[0160] The i munodom nance hi erarchy has been successfully rebal anced by
the T cells grown by our process. In addition to clearing the chronic
hepat i[ff Ss35hepati ent al so had a conpleleyT esponse to his HepatocellTulfr
car ci nona. [0161] Figure 19: The T cells conpletely resolved the
patient's Hepatocellular carcinoma. d Exarml e 4: Systematic nethod for
treat i|dy-Cadbedl [0162] The cl i ni @x10°di agnosi s and therapy of canger
i nvol yes the blopsy and |nag|ng of the|tunor to determne its tissue of
origi FHferentiation—and—extent—of nd—systemc netastasis—Why |l e
diagnch SJapgm 5gﬁet|c defects in oncoqgﬁneﬂ%ﬂ % umor suppressor genes apd
assayg to determne sensitivity to chepot herapeutic or biologic agents |s
sonetinmes perfornmed, generally patients are treated with a conbi nati on of
surgery, chenntherapy and radiation dependi ng upon their specific cancer

and stage. Simlarly, i mune systen1|n various patients has been
studi ed usi r{ﬁl%ﬁ]fohé’Feé‘PfF R%Wlaﬁeéthetweé ithibtersat iToslsaRsefidias peeptanded i n
the cligy, gnent of the patients. Wth the advent of their cellular
t herapy t a ance the i nmune system the inventors had to establish the

use of innune profiling in the managenent of the cancer patient. The

i nvent or s hd0E36d &weletgraineaths etiad af di czﬁdhérapwolethprfwnhtﬂcryg)f ﬁbteﬂi@dmdi(ﬁ@yen\t\hi ch
is used to se % g; fﬁ&hgen whi ch are subdonminant in t e and .can be
used t 8P6?Rﬁﬁz e dep PIOTHAEE SRHICRR A I HEN B AP eﬂ%ﬂam% ?Y%tsnpg"n{“t 0
rebal ar ﬂ {APRNT, SRR Gret Qze?e dHiRBEd o HB"VtQ@AGﬂﬁfc@%’o Jdie patient is
reprofi d to determne if the therapy successful rebal anced t he i nmune

r esponstreSedt br meattetdewabplﬂltaau levetshaddl ¢edls maoved todhigls AgnThe\mleenocytes were

2012/ 1%% sec(i) PC];/PP%%‘QE' 26(31369 ntigen (HBc), Hepatitis Surface Antigen (HBs) or two Kb

restricted peptides of HBs: ILS or WWL.
HBs Ag 190-197 VWLSVIWM K°

HBs Ag 208-215 ILSPFLPL K”

The following results were observed:

[0137] Figure 11: Treatment with HBs T cells rebalances the immune system to a new

dominance hierarchy.

[0138] As can be seen, T cell lines produced using our protocol generated a
significantly higher T cell response to HBs and a slightly decreased response to HBc. The HBs
response was driven predominantly by a de novo response to a previously subdominant epitope
(WWL). Thus, the dominance hierarchy within HBs was switched by T cell rebalancing
therapy as the response which exists in untreated animals (albeit weak) is against the dominant
epitope (ILS) switching the overall balance of the HBV response in favor of the previously

subdominant HBs antigen relative to the previously dominant HBc antigen.
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result in clinical response and enhanced survival. The sanme approach can be
used infectious diseases and autoi nmunity and organ transpl antati on.

[0163] Thwofnrste2@bep is to identify which tunor associ atedSaniogens ar e
present on the patient's tunor. This is generally done by

i mrunohi stochem stry on a biopsy fromthe patient's tunor. The panel
antigens tested will depend on the type of tunor. For exanple, in nelanoma
antigens included NY-ESO-1, SSX-2, Melan A, gpl00, MAGE A4, NMAGE Al,

Tyrosi nase and woul d be suppl enented as new tunor associ ated antigens were
descri bed. Noi3%Rthe HEPIR AG hlouSX Ro8SISy Al disoQfsed REInEM SR Rehekir N Evpanel .

For the antigens, which the patients tunor has, a baseline inmune profile

t 0 t he ngithddsrcenld adseticbdarceiignygwodemingae usiarpjiashn aesipereach.chgingeitpisng f or
hunor al. _.and lul.ar i ne .l espon escr.i bed abo Elisa i S to

det er miNE S FisethyRep o5 S SERCARBVER T R PO T i PPl g e 1
r espondghtipetiontil®y @PY. iAGRMatiSelde I EUR 1RGN ANAs hERiMstelst ipsPRbusel @athhi s
way, a base line profile is determned. [0164] Figure 20: IFN7 ICSto a
Panel @t Shovay. Antigens in Patient 1 [0165] In Patient 1, the
patient's tunor had NYESO-1, SSX-2, Melan A, and MAGE A4. | CS denonstrated

a strong re . y [N t SSX-2 and
Mel an A. Thia%@%é‘?e %ﬁ%g{) %Eﬁaﬁﬁiﬁg% ﬁ%%%gﬁgs@%t%ﬁasd%gﬁgé%éﬁett% grow and
expand s@donhifarithatigdhs\ak Hog @datrhertavithsd p@tdabeinhidopditivg yicoihatei. :

[0166] 5x106 PBMC' s are isolated fromthe bl ood. Mnocyte-derived dendritic
cells are gﬁﬁﬁi ted in vitro from peripheral bl ood nonucl ear cells
(PBMCs) fro lﬁa/%% BROCGE TR 4tk RO SRR e fppensraisus Y AdRinistedior cul ture
flask 40,06 {¥ithe BAREHRINGR tREs iTRROGHEE itk relfdinSe RAWOtutdBRinARadhgeent cells
are renoved and frozen at -80 to later serve as a source of T cells.

Tr eat mdutthafimdrbevlegiibisemiusawae oyited washtthe proteasdree kintagahigt Ibortdlongihdand the

gr anul ocyt e- macr ophage 0 stinul atin act or CSF) .l eads taq

0 11 or Gt P Bvadninp et B AP hoe 1 e B d iR p IR Tnbi 8 Grsbiuated.
Subsequent treatnent with tunor necrosis factor (TNF) further

di fferenti atf@p42]ne aisé¥ond] et 6f EetinRndaRfkpdBe It Snd @16k MSthake t hen
separated into 3 separate flasks (or however many antigens to which one
desi r edIBoreagthi® murgs angipodips lffereguigotyper G2 Lipllet@ht ed with 45% dick's
medium (lrvine Scientific, Santa Ana, CA), 2nM @utamax 1 WO
2012/1§3ﬁ%Q§§gf5ﬁﬁB§%é?§ﬁﬁgi‘ nd 5% human serum Each flask is pulsed with
one of the pl asm ds (or peﬁﬁix) cont ai ni ng the codi ng sequence for the
antigen of interest (in this patient 1 containing NY-ESO 1,1 containing
SSX- 2 dReH@S®lurine dgl t bilsAigriFnzeehBd dhonkprd, M) cel | s are stored at 37 degrees
Cfor 2 hours. In the neantine, PBMC s are thawed and added to the pul sed

dendri ti at : o,1:100. P to dritic cell ratio and
incubaﬂggﬂﬁfig@“ﬂ@&%@é%%%s?ééﬂ @5‘%%§§%C?ﬁégiﬁ}ee flasks of cells are then
pool ed and resuspended in the sanme nmedia, containing IL-15 (5ng/nl) to
gener at e i n [0143]FigxpaBsligladfonbbiendl amébbsy Whinohldtavatibeep giecardot ABs
antigen. A Grex gas perneable bioreactor is used (WIlson WlIf Mnufacturing
M nneapt fesultsNp dafiereatdonnanee hirsaghy andyigmigeantbdiccaiizen aisseiHation by
exponeq%;ﬁQr%g@mﬁh ki netics. Generally 3x108 to 1.5x101 cells are obtained
W thin weeks enough cells to be administered to a patient. T cells
grow i n Gas Perneabl e Bi oreact or [0167] T cells grow as a |layer on

t he gas per rfibdt] éVhenthe antechontibadyeddnepiex gas adwinhsrgdinandervavly aad WM, thee of

medi a slu(f}Eicie t to growtothere uire?‘ll
g(2a complex generated more of a response to t

e gl?k‘)’]cﬁ)lngif\{ént epitope. Further, this protocol
developed a near comparable level of immune response by IV administration to that achieved
by IM administration indicating that IV administration of Ig(G2a immune complexes may be

able to rebalance the immunodominance hierarchy in vivo.
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[0168] At the end of in vitro culture, T cells are assayed in the |ICS assay
with the sanme antigens: NY-ESO 1, SSX-2, Melan A, gpl00, MAGE A4, MAGE Al,
Tyrosi naswo 2p21820Fi gure 21: I CS Assay Patient 1 PCTARZ@R/0B%8Ed upon
the assay, the % of the cells responding to each subdom nant antigen/
epitope is determned in this case, NY-ESO 1, SSX-2 and Melan A. The total
nunber of cells responding to each subdom nant antigen or epitope can be
calcul ated using this % and the nunber of CTLs in the culture. In the case
of patient 1, 61.4%of the cells were responding to NY-ESO- 1 (Figure 21).

[0171] Baseqoi®mhthhdentdrs k sHRSRat Ale 16KELP MEESRRAS Fotehik BbdceridHRIMRI nant
antigens can be adm nistered to the patient. CITL's were dosed at 5x106 to

2x108 deglPxbingpthe high affinjtp FoRwhich i3 piwdelentialiyt exprdspidusyi damdiitie eclisrradplusi ent |

PBMC s .wer.e .again_col | ect.ed, and rofil e of t el lular.i ne, response
was 1 o HEFERRGof e BEhERHEG:D) OB SR BB G AT RP B o 22
Cel | ul ap4i1amunRehdmafor bpiepelyr leCSeiiosdt by hartapymg Ratib&ids ahd the ILS ¢fbpé]s
Figure 23: Hunoral Immune Profiling by ELISA- Patient 1 (Reciprocal titers
of t he fHithesaRy| ihfd be &wbanigsn preccpiing fos dLp & epnced. [0175] As can be
seen fromthe Cellular and Hunoral Profiles fromthe |Imune Hi erarchy
Assays,~iheri 1 . i ] f .

Cl{'nlf'&l t%@gﬂf‘?@@ﬁ‘r%&‘hﬁmg tﬁérg%cltﬂmwlsas§&%cﬁ%§&%&ﬁulaﬁ¥ﬁ&m€&g

previ ously subdoni nant anti géns. i nical Fi

[0146] 5 patients with HBV and HCC who were HLA-A #0201 were immune profiled
for their Humoral and cellular immune response. Pretreatment clinical laboratory testing
demonstrated high titers of antibody to hepatitis B core antigen (HBc Ag) but not to hepatitis B

surface antigen (HBs Ag) (Figure 10).

[0147] PBMC’s were induced into dendritic cells, pulsed with hepatitis B core antigen
(HBc Ag) and hepatitis B surface antigen (HBs Ag) and used to grow CTL’s from PBMC’s
which were tested by Elispot for IFNY.

[0148] Figure 14: Number of Spot forming cells in 10° PBMCs from Patient 3.

[0149] By frequency of IFN vy producing T cells on Elispot a hierarchy was observed:
no-antigen(10 sfc)<HBsAg(15 sfc)<HBcAg(45 sfc). This indicates that Hepatitis B surface
antigen is subdominant relative to Hepatitis core antigen. Additionally, 3 peptides of HBs

(FLL, GLS and ILS) were studied:

HBs Ag 20-28 FLLTRILTI HLA-A*201

HBs Ag 185-194 GLSPTVWLSV HLA-A*201
HBs Ag 208-216 ILSPFLPLL HLA-A*201

[0150] The FLL peptide appeared to be slightly dominant in what little response to HBs
was detectable but, because of the weak response, the dominance hierarchy was confirmed by

ICS assays:
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[0176] Cinically, the patient was a 52 year old mal e who was di agnosed
wth Stage IV netastatic nelanoma. He had failed to respond to a

conbi nat iwo 20egicae@n of Dacar bazi ne (DTl C) and Tenodar (PemaliSzalo8960%)
chenot herapy drugs in conbination with IL-2. [0177] Two years post T
cell therapy, the patient is alive and has undergone a conpl ete response.
As can be seen in the Chest CT Scan the netastasis in the lung conpletely
resolved within 6 nonths of |Inmmune rebal anci ng Therapy and has remai ned
stable. [0178] Figure 24: CT Scan Pre and Post T Cell Therapy e. Exanple 5:
T ceIIIﬁ@gkﬁgurﬁgdgﬂggggﬁggacs) [0179] 150 adult patients with rel apsed
aggressive Non dgki ns | ynphonma were random zed into 3 arns: A R tuxan +
CHOP; B: Testing for EBV LMP1 & LMP2 antigens in tunor, followed by EBV
LMP1 & LMP2 [QlﬂSISIXIO ebalareee reguspendad: anBdncubpieg Homa have imsY byl dfdXEHY 1 Gens;

Ther ap ith T cells gro .respond to V. LMP1 2, surviyi MAGE
n e a0Soh vty A T Tl T o BB g o e TN s R, St Bisal c 1 ve
for survAwnghensddes Yt 1BSherd dsdubhi€ af 97 d A8 COamelamduf pdatel, R- CHOP
regi men was used and 5x107 to 2x108 T cells were dosed per nB. WO

2012/ 162628PERO0BPPBS /| GFEE0E ] 018 foFsylice aaBgerP(GhrdBIwaci FiwthiSuanityal

[0181] e seen, .T.cells responsive .to t.unor provi de superi or
Fespon<Bl ATLURPLS TR iR Pe TR ARaPE i bsye O Y ¢l RHES Cotur i
year 1FoPewingi@alspdnsidhéinEiklatibMhitt SdrASatiBldtRALsS1uHiBn | @RI $&tORainddveth iafiti

evi dence of a properly functioning i nmune system post rebal ancing. Finally,

whi | e ihmiman dFNY phyreoesBvin Whammiogen, BOyr dvi diduteonbet ice for3@gpiontce, wisheq erge 3

t he Progression Fre i has roa hat of the. Pan | ynphoma

br oductd FoRarHOr By §iatorend Balifed 8 EATS Golh aftaenBidign i Seane wi th
patients generally relapsing within 18 nonths to 2 years. CTL rebal anci ng

therapy chanjges]tHige ¢SUCSEANDNG CofreRiink € HBs bpiapRe. systemis rebal anced,
the patient devel ops a nenory response which maintains a long term

rem ssion. Thus, unlike other therapies of E%gphOﬁa, T cell therapy.
provi des a dFaHiAdthogsh dheirgsponsey dgteptapledur € SBerer t sapne, tedildpSpitaps ditks t he

Nat ur al,,  Hi . D f I " ell therapy of Autoi mmune
Di seasgéﬂh%b&&xdgﬁﬁ%%gfﬁﬁﬁgt%gFﬁgggﬁ%ngﬁJé:'arthritis nodel (CIA) is a

nodel of Rheumatoid Arthritis (RA) that can be induced by inmunization with
het er ol ogoud0t®t]15xd6hPBMQ Civkle isola®BA/ondeavhgatient and T cellf O&843roDBAS benal e
6-8 week old mce e aqbtai ned, from Jackson borat ories _(Bar Harbor, M)
700 11 §UE PO FEMET IS (GBI AR WA TRRGF S1 HeBa I DGREP AL n g
4 g/ mipMLURRICH Rplige (18O g@ einaleFEL). Miect ad 1S YReLERAMHAL hel N the tail.

By week 5 post |Q%gct|on, 80-100% of untreated m ce showed fully devel oped

di seas@xpansion. 1x10™" T cells were obtained and frozen with an aliquot taken for Elispot testing.

[0155] Figure 16: HBs Cells are the majority of the T cells which are administered to

the patient and these respond to previously subdominant antigens.

[0156] As can be seen, the CTL line generated was almost exclusively reactive to the
previously subdominant HBs, a response which was primarily driven by the previously
subdominant epitopes. CTL’s were dosed by IV Infusion at 5x10” to 1x10°® cells /m” and the

patients were monitored.

[0157] Figure 17: The patient has an acute flair and then clears the hepatitis.
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[0185] T cells were grown to the follow ng peptides using the protocols
described for the in vitro gromh of T cells. [0186] Coll agen Type I

263- 270 iwounodeniznant peptide used to stinulate the gr@eamhusedi2mswgs (I L-2 +
rapamyci n) 286-300 subdom nant peptide used to stinulate growh of T cells
(IL-15) WD 2012/ 162620PCT/ US2012/ 039605 [0187] 5x106 cells were

adm ni stered to each animal on Day 20 post induction alone or in a

conbi nati on of equal parts. See Figure 27. CD25 is a marker for Treg cells.
Control animals received PBS. See Figure 28. [0188] M ce were scored

for clinicaljofigease dbii68n h&ﬁéhé}%’hu&‘ﬁﬁé‘pﬁﬁa’nﬂ&s@lvé&Qﬁcﬁc&ﬁpl@te}'%/ dofre®eh
limb for a maxinumtotal score of 12 possible: 0-1 Nornmal;” 1 mld redness

or svvelhlepéﬁgm Qnslang# LRIVEG s wereggingellpstehimnd sprofild @fqh@)flelb(ﬁikfllélrIGmCW| st with
erythema MR, 3. SEVEr g femrr%“ [ g and erythema of nmultiple joints. The percent of
ani mal ST A tﬁ €sions in the group represent incidence of
arthritis. Average clinical score in the group reflects severity of the

di sease. Seq0B9WHigure83:ane fatight’ indBunddogtingnat hizkaglyy lads béen rdbalanced to [ 0189]
Fi gure 30A shows a normal rat, Figure 30B shows a rat imunized with hunman
pr ot eogllleyleraﬁwaﬁa swhdpuiaans gt gd B sA andhthe ppresaeusly sbdaminageeRitopes on that [ 9190]
As can  bg.5€en, the T cell therapy significantly decreased the incidence,
severi ty z%\nd anount of inflammtion in the joint of animals. There appeared
to be a synergistic effect in rebalancing the i mune response between T

cel I s rai sed01@]slibdomumadtmmpitedpesrchpdaTbery sgraasfutly rebabandesht nta T

epit OPCels grown by our process. In addition to clearing the chronic hepatitis, the patient also had a

complete response to his Hepatocellular carcinoma.

[0161] Figure 19: The T cells completely resolved the patient’s Hepatocellular

carcinoma.
d. Example 4: Systematic method for treating cancer

[0162] The clinical diagnosis and therapy of cancer involves the biopsy and imaging of
the tumor to determine its tissue of origin, differentiation and extent of local and systemic
metastasis. While diagnostics to genetic defects in oncogenes or tumor suppressor genes and
assays to determine sensitivity to chemotherapeutic or biologic agents is sometimes performed,
generally patients are treated with a combination of surgery, chemotherapy and radiation
depending upon their specific cancer and stage. Similarly, while the immune system in various
patients has been studied using different techniques, this information has not been used in the
clinical management of the patients. With the advent of their cellular therapy to rebalance the
immune system, the inventors had to establish the use of immune profiling in the management
of the cancer patient. The inventors have developed a standardized immune profiling
methodology which is used to select antigens which are subdominant in that patient and can be
used to grow T cells in vitro which can be reinfused into the patient to rebalance the immune
response to a tumor. Following therapy, the patient is reprofiled to determine if the therapy

successfully rebalanced the immune response. Such a therapeutic method is novel and can
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WO 2012/ 162620PCT/ US2012/ 039605 What is clainmed is: 1. AT cell capable of
recogni zi ng a subdom nant antigen or epitope in a patient for use in a
met hod ofwalzberiepgrot he | nmmunodom nance hi erarchy of thePpaftisen2/o03®os A T
cell for the use according to claim11, wherein the T cell is obtained by:
a. identifying at | east one subdom nant antigen or epitope in a sanple
obtained fromthe patient, and b. cultivating a T cell capable of

recogni zi ng sai d subdom nant antigen or epitope. 3. AT cell for the use
according to claim1 or 2, wherein altering the i munodom nance hi erarchy

t r eat s/-pyu@MgRISicAl bHohH AR ARkl 8GHIHRN, THeARME apploRéH iMBRlised infatBan
transplantation rejection, or graft versus host disease in the patient. 4.

Use of dasesesehd aetapabieityofndr @goyminsplagtaiosubdonm nant antigen or epitope in
a patient in the manufacture of a nedicanent for altering the

 renosor gy eI o, 4058t Akt SERSLA ORI Shake ¢
ant i gempaténtBpionahidis @esaaipy éoretiyainmachohisewrhéhBtuf @hiaeridpsydngn the patient’s
tumor. The panel antigens tested will depend on the type of tumor. For example, in melanoma
antigens included NY-ESO-1, SSX-2, Melan A, gp100, MAGE A4, MAGE A1, Tyrosinase and
would be supplemented as new tumor associated antigens were described. Not all tumors will
express all of the antigens in the panel. For the antigens, which the patients tumor has, a
baseline immune profile to the different antigens is determined using the systematic profiling
for humoral and cellular immune response described above. Elisa is used to determine antibody

titer to each antigen in the serum and the % of T cells responding to the antigen is determined

by IFNY ICS or Elispot. In this way, a base line profile is determined.
[0164] Figure 20: IFNY ICS to a Panel of Tumor Antigens in Patient 1

[0165] In Patient 1, the patient’s tumor had NYESO-1, SSX-2, Melan A, and MAGE
A4. ICS demonstrated a strong response to MAGE A4 but modest/ no response to NYESO-1,
SSX-2 and Melan A. The NYESO-, SSX-2 and Melan A antigens are thus chosen to grow and

expand CTL in the in vitro culture using the following protocol:

[0166] 5%10° PBMC’s are isolated from the blood. Monocyte-derived dendritic cells
are generated in vitro from peripheral blood mononuclear cells (PBMCs) from a patient by
plating of PBMC:s for 2 hours in a tissue culture flask to permit adherence of monocytes. At
this point the nonadherent cells are removed and frozen at -80 to later serve as a source of T
cells. Treatment of the adherent monocytes with interleukin 4 (IL-4) and granulocyte-
macrophage colony stimulating factor (GM-CSF) leads to differentiation to immature dendritic
cells (iDCs) in about a week. Subsequent treatment with tumor necrosis factor (TNF) further
differentiates the iDCs into mature dendritic cells. These cells are then separated into 3 separate
flasks (or however many antigens to which one desires to grow T cells) in RPMI 1640 media

supplemented with 45% Click’s medium (Irvine Scientific, Santa Ana, CA), 2mM Glutamax 1
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b. cultivating a T cell capable of recognizing said subdom nant antigen or
epitope. 6. A use according to claim4 or 5 wherein altering the

i mMmunodorwoanceiehé2er ar chy treat s/ prevents/all evi at es anPChfusSeti2o8960& ancer

i nfl anmati on, organ transplantation rejection, or graft versus host disease
in the patient. 7. AT cell population for use in altering the

I mmunodom nance hierarchy of a patient obtainable by identifying at |east
one subdom nant antigen or epitope in a sanple obtained fromthe patient
and cultivating a T cell popul ation capable of recognizing said subdom nant

ant i genn@s7eRich&PRrurf: Edh FlaSield pubRBUWiaE dRMHIAKC D pRkRMtsOr Fdpdlif) donkBhingse in
therapy. 9. A nmethod conprising the steps of: a. identifying a dom nant

ant i lgeriihfmoder;ﬁl feqpencarnel the 9mfl!ﬁ§’fimf merestg it fhggerationt ]eﬁmntt@pl@g |N1Y~£S@g$ ilent
P yercoliniid S8 g alaSBhly FRDRBE &1 1SS AL AR FRRESCUBE

pat i enthowist th B8 nehh@et, BEMAOWHE thadfedsal dddedc®lthe plsedl deddritid€ells at a 1:20 to
i mmunodom nance hlerarchy of the patient. 10. A nethod conprising the steps
of : 1:100 PBMC to Dendritic cell ratio and incubated at 37 degrees C for 18 hours. The three
flasks of cells are then pooled and resuspended in the same media, containing IL-15 (5ng/ml) to
generate in vitro expansion of the T cells which have recognized the antigen. A Grex gas
permeable bioreactor is used (Wilson Wolf Manufacturing Minneapolis, MN) obviating the

need to change media and enabling exponential growth kinetics. Generally 3x10® to 1.5x10"

cells are obtained within 3 to 6 weeks enough cells to be administered to a patient.
T cells grow in Gas Permeable Bioreactor

[0167] T cells grow as a layer on the gas permeable membrane for excellent gas

exchange and have a volume of media sufficient to grow to the required density.

[0168] At the end of in vitro culture, T cells are assayed in the ICS assay with the same
antigens: NY-ESO-1, SSX-2, Melan A, gp100, MAGE A4, MAGE Al, Tyrosinase.

[0169] Figure 21: ICS Assay Patient 1

[0170] Based upon the assay, the % of the cells responding to each subdominant
antigen/ epitope is determined in this case, NY-ESO-1, SSX-2 and Melan A. The total number
of cells responding to each subdominant antigen or epitope can be calculated using this % and
the number of CTLs in the culture. In the case of patient 1, 61.4% of the cells were responding

to NY-ESO-1 (Figure 21).

[0171] Based upon this, a known dose of CTLs responsive to the subdominant antigens

can be administered to the patient. CTL’s were dosed at 5%10° to 2x10° cells /m?,

[0172] 2 -3 weeks after infusion into the patient, PBMC’s were again collected and a

profile of the cellular immune response was re-determined by ICS:
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a. identifying at | east one subdom nant antigen or epitope in a patient
sanple; b. cultivating a T cell capable of recognizing said subdom nant
antigen owoepiiopep and c. treating a patient with an ePCaaiseve/osasnber of
said T cell to alter the i Mmunodom nance hierarchy of the patient. 11. The
met hod of claim9 or 10, wherein said subdom nant antigen or epitope are
antigens or epitopes to which a cellular or hunoral immune response is not
detectable or is only detectable at a low level. 12. The method of claim9
or 10, wherein said subdom nant antigen is a viral antigen, other

infectious ggers) Bk 8 Cel MmN F96MinOby RIS Aotk t3epyaps@ak at ed with
autoi munity, allergy, inflammation, organ transplantation rejection, or

graft versus host disease. 13. The nmethod of claim9 or 10, wherein step
(b) further (@b igwe 28 utlemorad [mguae Frodiding by ELIRA- Bptien d dRegipceldiii it
antige I laim9 or 10, wherein step (b)
furthe?m%%ﬁ%@%gﬁﬁﬁgﬁﬁiﬂ%&%?ﬁgﬁ%ﬂggg%%wgin the the presence or absence of
agents to enrich either suppressive T cells or responsive T cells. 15. The
met hod of cl[@1T8]Asaran b seahfesmitine Selbpdar(amyd HumdbrhEPro€iteygrdns é= [amanei st eri ng
the effective nunber of T-cell via intradermal adm nistration. 16. The

met hod FYFraEahyimiseysohedmuyng ?rﬁg&anf?obfﬁﬁa@wwsaeﬁ%%m Bor e BIYIPYER)

wher ei ubgniRAltRRtersS Pretreated with a conditioning agent to reduce the
nunber of endogenous T cells. 17. The nmethod of claim9 or 10, wherein said
T cell is a suppressive T cell, and wherein step

Clinical Findings:
[0176] Clinically, the patient was a 52 year old male who was diagnosed with Stage IV
metastatic melanoma. He had failed to respond to a combination regimen of Dacarbazine

(DTIC) and Temodar (Temolzolomide) chemotherapy drugs in combination with IL-2.

[0177] Two years post T cell therapy, the patient is alive and has undergone a complete
response. As can be seen in the Chest CT Scan the metastasis in the lung completely resolved

within 6 months of Immune rebalancing Therapy and has remained stable.
[0178] Figure 24: CT Scan Pre and Post T Cell Therapy
e. Example 5: T cell therapy of Lymphoma

[0179] 150 adult patients with relapsed aggressive Non Hodgkins lymphoma were
randomized into 3 arms: A: Rituxan + CHOP; B: Testing for EBV LMP1 & LMP?2 antigens in
tumor, followed by EBV LMP1 & LMP2 T cell rebalancing and C: Pan lymphoma: No assay
for antigens; Therapy with T cells grown to respond to EBV LMP1, LMP2, surviving, MAGE
A3. 40% of lymphoma biopsies test positive for EBV LMP2, 50% test positive for surviving
and 15% test positive for MAGE A3. Standard of Care R-CHOP regimen was used and 5x10’

to 2x10° T cells were dosed per m”.
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(c) further conprises inducing tolerance in the patient to treat or prevent
an autoi nmune di sease, allergy, inflammation, organ transplantation

rej ecti orvwvoanigmsad2d ver sus host di sease. 18. The net hodPofi/usc@s®odr 10,
wherein said T cell is a responsive T cell, and wherein step (c) further
conprises inducing a cytotoxic innmune response to treat or prevent an

I nfection or cancer. 19. The nethod of claim9 or 10, further conprising
profiling the tol erance or hunoral or cellular imune response to the
subdom nant antigen or epitope to determine if the therapy successfully

rebal anced t[ogegq)PIIRE 25 EBBLREGo P Frek RRrRAdII ent .

[0181] As can be seen, T cells responsive to the tumor provide superior response rates
to the current standard of care. While failures occur in year 1, post year 1 the CTL maintains
patients in remission. This is evidence of a properly functioning immune system post
rebalancing. Finally, while initially the EBV LMP T cells provide a better response, by year 3
the Progression Free Survival has approached that of the Pan lymphoma product. Furthermore,
lymphoma today is a relapsing remitting disease with patients generally relapsing within 18
months to 2 years. CTL rebalancing therapy changes this course: once a patient’s immune
system is rebalanced, the patient develops a memory response which maintains a long term
remission. Thus, unlike other therapies of lymphoma, T cell therapy provides a durable

remission.
[0182] Figure 26: T Cell Therapy Changes the Natural History of Disease
f. Example 6: T cell therapy of Autoimmune Diseases

[0183] The collagen induced arthritis model (CIA) is a model of Rheumatoid Arthritis
(RA) that can be induced by immunization with heterologous collagen II (CII) in DBA/ 1 mice.

[0184] DBA/1 male 6-8 week old mice were obtained from Jackson Laboratories (Bar
Harbor, ME). 100 pg of bovine CII (Chondrex, Redmond, WA) emulsified in CFA containing
4 mg/ml M tuberculosis (Chondrex) were injected subcutaneously in the tail. By week 5 post

injection, 80-100% of untreated mice showed fully developed disease.

[0185] T cells were grown to the following peptides using the protocols described for

the in vitro growth of T cells.
[0186] Collagen Type II

263-270 immunodominant peptide used to stimulate the growth of Treg (IL-2 + rapamycin)

286-300 subdominant peptide used to stimulate growth of T cells (IL-15)
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[0187] 5x106 cells were administered to each animal on Day 20 post induction alone or
in a combination of equal parts. See Figure 27. CD25 is a marker for Treg cells. Control

animals received PBS. See Figure 28.

[0188] Mice were scored for clinical disease three times per week using a score of 0-3
for each limb for a maximum total score of 12 possible: 0-1 Normal; 1 mild redness or swelling
in single digits; 2 significant swelling of ankle or wrist with erythema; 3 severe swelling and
erythema of multiple joints. The percent of animals with arthritic lesions in the group represent
incidence of arthritis. Average clinical score in the group reflects severity of the disease. See

Figure 28 and Figure 29.
Histopathology of Joint

[0189] Figure 30A shows a normal rat, Figure 30B shows a rat immunized with human

proteoglycan and Figure 30C shows a rat treated with T cells.

[0190] As can be seen, the T cell therapy significantly decreased the incidence, severity
and amount of inflammation in the joint of animals. There appeared to be a synergistic effect in
rebalancing the immune response between T cells raised to subdominant epitopes and Treg

grown to the dominant epitope.
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What is claimed is:

A T cell capable of recognizing a subdominant antigen or epitope in a patient for use in a
method of altering the immunodominance hierarchy of the patient.
A T cell for the use according to claim 1, wherein the T cell is obtained by:
a. identifying at least one subdominant antigen or epitope in a sample obtained from
the patient, and
b. cultivating a T cell capable of recognizing said subdominant antigen or epitope.
A T cell for the use according to claim 1 or 2, wherein altering the immunodominance
hierarchy treats/prevents/alleviates an infection, cancer, inflammation, organ transplantation
rejection, or graft versus host disease in the patient.
Use of a T cell capable of recognizing a subdominant antigen or epitope in a patient in the
manufacture of a medicament for altering the immunodominance hierarchy of the patient.
A use according to claim 4, wherein the T cell is obtained by:
a. identifying at least one subdominant antigen or epitope in a sample obtained from
the patient, and
b. cultivating a T cell capable of recognizing said subdominant antigen or epitope.
A use according to claim 4 or 5, wherein altering the immunodominance hierarchy
treats/prevents/alleviates an infection, cancer, inflammation, organ transplantation rejection,
or graft versus host disease in the patient.
A T cell population for use in altering the immunodominance hierarchy of a patient
obtainable by identifying at least one subdominant antigen or epitope in a sample obtained
from the patient and cultivating a T cell population capable of recognizing said
subdominant antigen or epitope.
A T cell population according to claim 7 for use in therapy.
A method comprising the steps of:
a. identifying a dominant antigen or epitope and a subdominant antigen or epitope in a
patient sample;

b. cultivating a T cell capable of recognizing said subdominant antigen or epitope; and

52



10.

11
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13.

14.

15.

16.

17.

18.

19.
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c. treating a patient with an effective number of said T cell to alter the
immunodominance hierarchy of the patient.
A method comprising the steps of:
a. identifying at least one subdominant antigen or epitope in a patient sample;
b. cultivating a T cell capable of recognizing said subdominant antigen or epitope; and
c. treating a patient with an effective number of said T cell to alter the

immunodominance hierarchy of the patient.

. The method of claim 9 or 10, wherein said subdominant antigen or epitope are antigens or

epitopes to which a cellular or humoral immune response is not detectable or is only
detectable at a low level.

The method of claim 9 or 10, wherein said subdominant antigen is a viral antigen, other
infectious agent antigen, tumor antigen, or an antigen associated with autoimmunity,
allergy, inflammation, organ transplantation rejection, or graft versus host disease.

The method of claim 9 or 10, wherein step (b) further comprises cultivating a T cell in the
absence of a dominant antigen or epitope.

The method of claim 9 or 10, wherein step (b) further comprises cultivating a T cell in the
the presence or absence of agents to enrich either suppressive T cells or responsive T cells.
The method of claim 9 or 10, wherein step (c) further comprises administering the effective
number of T-cell via intradermal administration.

The method of claim 9 or 10, further comprising a step prior to step (c), wherein the patient
is pretreated with a conditioning agent to reduce the number of endogenous T cells.

The method of claim 9 or 10, wherein said T cell is a suppressive T cell, and wherein step
(c) further comprises inducing tolerance in the patient to treat or prevent an autoimmune
disease, allergy, inflammation, organ transplantation rejection, or graft versus host disease.
The method of claim 9 or 10, wherein said T cell is a responsive T cell, and wherein step
(c) further comprises inducing a cytotoxic immune response to treat or prevent an infection
or cancer.

The method of claim 9 or 10, further comprising profiling the tolerance or humoral or
cellular immune response to the subdominant antigen or epitope to determine if the therapy

successfully rebalanced the immune response of the patient.
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