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CROSS- REREBENGA2331 RELATED APPLI CATI ONS [ 0001] PThAISPI1ODEETHS
invention clains priority to U.S. Provisional Patent Application Serial

61/ 236, 261, filed August 24, 2009, which is incorporated b

herein in its entirety. STATEVENT REGARDI NG FEDERALLY SPON %ﬁykﬁ@@ﬁ& R
DEVEL OPNIENIERA TION OF@DEEINE&WIHYESPEOJWD@H‘M@BAINSTI MOLETPOE MUMBIIROr t
under P50 CAl 26752 awarded b NIH-NCI he government has certain rights in
the invention. TECHNI CAL ANEIGE B]MM&L NMRUSESKt i on general ly

concerns the fields of cell biology, inmmunology, nolecular biology, and

medi ci ne. I n parti quk@KSERRPERENEE TG mmelsmﬂ@m&@Ny concer ns
I mmunot herapy for cancer. CKGROUND OF THE | NVENTI ON

Ml tivirus-specific T Cells for Prevention and/or Treatnment of Viral
I nfections in (1] The present invention claims priority to U.S. Provisional Patent Application

Serial No. 61/236,261, filed August 24, 2009, which is incorporated by reference herein in its

entirety.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

[0002] This invention was made with government support under P50 CA126752

awarded by NIH-NCI. The government has certain rights in the invention.
TECHNICAL FIELD

[0004] The present invention generally concerns the fields of cell biology,
immunology, molecular biology, and medicine. In particular embodiments, the invention

generally concerns immunotherapy for cancer.

BACKGROUND OF THE INVENTION

Multivirus-specific T Cells for Prevention and/or Treatment of Viral Infections in the
Immunocompromised Host

Viral infections account for substantial morbidity and mortality in the
immunocompromised host, for example patients who have received allogeneic stem cell
transplantation (SCT). Infections caused by persistent herpesviruses such as Epstein—Barr virus
(EBV), cytomegalovirus (CMV), and herpes simplex virus, as well as by respiratory viruses such
as respiratory syncytial virus, parainfluenza, and influenza are well known, whereas the
importance of infections caused by adenovirus (Adv), BK virus, and human herpesvirus-6 have
more recently been appreciated (Kim er al., 2007; Myers et al., 2007; Kadakia et al., 1996;
Comoli et al., 2006; de Pagter er al., 2008). Although pharmacological agents are standard
therapy for some infections, they have substantial toxicities, generate resistant variants, and are

frequently ineffective.

Immunotherapeutic strategies to restore virus-specific immunity offer an attractive

treatment alternative. Donor-derived EBV-specific cytotoxic T lymphocytes (CTLs) have been
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importance of targeting multiple epitopes/antigens to produce optimal clinical results.
BRIEF SUMMARY OF THE INVENTION

The present invention relates to the production of CTLs that either multiple tumor
antigens or that target target multiple pathogens (including viruses or bacteria, for example). The
CTLs are more rapidly generated than conventional methods because of novel improvements
provided herein. Such improvements include at least the use of the source of the antigens being

from particular types of vectors (for example, plasmids) or particular libraries of peptides. Other
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cytoki ne cocktail to pronote maxi num specific proliferation while
pr eser ERGAERRIHYiIeS- @Dﬁ@éﬁCfQUr pithdroadiepitopeeeactivifye Thedpyensinn icnirtigelapcases
functi eaalpd fofich’ @ #R%RERAASHE LI waRd-INE S y&aﬁﬁl”sgﬂqu cﬁ%e@lamm&“
pepm xes in ELI spot and I ntracel | ular cytokine ssays an eci fical
| ysed pgemrated pmhgeplaanuﬂsvdmobchngnmmgmndmmaes sndhgrdtartiyetantigédssdarived from a
tradi ti onal Rg%‘fg }[ re|l ease assays. The inventors successfully
gener at'8dcty e56 8ol ated from heavily pretreated HL patients
that were able to |yse autol ogous tunor material. Miltitunor-Associated
Antigen-specific T Cells for Cancer [0002]In certain enbodi nents of the
i nvention, CTLs are devel oped that target TAA that are highly expressed on
tumor cells, including, for exanple, MAGEL, 3, PRAME, and NY-ESO-1, for
exanpl e (see bel ow).
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[0003] In certain enbodi nents the present invention concerns CTL therapy
for the treatnment of particular tunors, including EBV negative tunors.
90148443. WO 2010/@28581/ 028531 PCT/ US2010/ 046505 BAYM POO16WBCT/US2010/0465pD004] | n
speci fic enbodi nents, the present invention concerns generation of CTLs for
mul tiple tunor antigens. Although the invention may be util

cancer, including lung, breast, brain, stomach, ovari an, %?&Pﬂ@lﬁﬂb

ki dney, |iver, Ibbesie embbdinmats, ofuheﬁﬂwaﬁtlort eldre ¢sjj)lapara@diroSﬁcﬂtbleadrﬂilﬁﬁdat@dﬁdofleCk
tunors, and so forth, in certajn enbodinents the invention is utilized for
cancer SnHuises speeificn S H-p1 Bd tkd PEpRRlakisy ragd/or  treatment oo dBfECtion siecd i ¢
enbodi RRAt oéﬁm;?]ﬂaﬁuéeﬁvﬁlﬁwlml GORL GIéoaanrQ ‘Patntdtﬁ)n E‘:g@ tid?i %ﬂ@&bfﬂe&%' y
correspond to the antigenic expression pattern exh te %

i ndi vi @ﬁaetticsimmnmdeﬁiﬁwsy) glA\lrtbnugIhdte onlevidead mayvba ummmfoeompmmhlmqo fer any
antigen expr.essi on vect nto DCs provides a route by which a si.ngle CTL
pr oduct “PEhdBABY AL et *th 1? YRS PPg‘ %?]ﬁéellfh‘i Hei8 <5 t“iaaé?]ﬁ“}f @i“‘g}ﬁlé% dECH an
i ndi vi %3) b of UAPkind(s), althoughliAQBEdifid @nitdufn&id it iREBVVEM P! RdddNBus, BK,
devel oped an approach to generate CIL |ines reactive agal nst multiple tunor

ant i ged81¥p nBIStVanIélﬂust,a ﬂ’;ﬂrzgnﬁlmlzat Boeavinus.n C@mwrtls cLEMV.s Mpupse dMevistas,
pepm X spanni ng t antl n i nt er stl mul us in the presence of
t he cyt(:?\(ﬁ)t 6o %Fal Y9 QEZﬁOtf%l Ehd"e ?\?S émor | L27 for the first 9
days, which the invent ors have shown to be essential for generating CTL
lines with mul t[i()f)m]t | g@nces@BCerhbedignts related14) mulbivhaeqpteifiid TLs e Gltsear e
restiml ated using pul sed with the sane m xes and cultured in IL7
and | L20vention utlhzeﬂ[ @oeql]tanp rEYEX R CAMPHG AR n%fp EIE 4ofnd HE-7 ARENGtoHO RIRBYE | s

a net hg&*olﬁér gslmgﬁ@;e'dﬂ& Gt RL@%h Ghe aéuwart@ﬁqcafetugp%ﬁ(ﬂ iLs) that target at |east

one antigen fromtwo Or nore Vviruses g the steps of nucl eofecting
a popul ation of dendritic cells (DCs) from an individual with a plurality
of plasm ds, wi@0@3In edohceplams aipdcisn ntdhtévipiswpa¢iﬁt:yCEIntcactesle‘a?ﬂopeéassting)rhl@

antige romo two or e viruses, a ere rodum
AR A A M L AR et B S AR g o
antige i . | r
el 1 iakice SIS AL NapRr ?feﬁ*%@é;”%ﬁ““ﬁ?”’ﬂ“w

pr oducéEBV@dﬁNéh bMFPat aadipr §&hEdpdoiFartcutar ﬁsm'?ﬂﬁ]dj@?lltésthﬁ fba@adaS‘I@Cfé@IpaﬁbTIes of
r esponcljlllcn rgte atll fe%%t XEI‘C Slﬁnt I %81% 1];8%8% W[i)(eclrl V1 elelilfJ ?ﬁ tp?nsdlc etcﬁicl ng

theantlg SeCI |nrre um|navsse

per neabhﬁ;oﬂﬁﬂiﬁm&s@la@dltlmwsﬂumw@ms§ fof exmhl¢) the MPHvigevildl pfoteinst {1LBK to
pr oduce cyt ot oxi ¢ T-Gy nphocytes (CILs) that target at |east one anti
f r om t WELYEManvrus 1ge Jsadigen and{pie¥ Pt andisrhidiireman derpepdrus $1HY &) imme fate

adm ni 3 feidgb?%%gd/bf%%eneﬂgfo%% ol AV itAualypg/bp Lf?ﬁmﬁnﬁ/%? ?ﬁ) Iiééglrator

i ndi vi stemcell tfanspl ant. parti cular tase :

t he vi r&yﬁqslaar\énrse(ﬂ?xsozt)e]ﬂ Mr anv/érhN goeip; aodst siv) BgradfflueBxy viohA/(PIXJehdINT us,
BK, HHV6, 90148443 1 WD 2011/ 028531PCT/ US2010/ 046505

BAYM POBYEPHREACINnt | uenza, Parai nfluenza, Bocavirus, Coronavirus, LOW,
Munps, Measl es, Metapneunovirus, Parvovirus B, Rotavirus, Wst Nle Virus,

and a conbi nat {gyn7) heneebme Ieﬁlb%ﬁﬁfﬁénfté 6f BRALIRAL fherd R€a ﬁﬁtﬂoﬁ fBF @enerating

adm ni stered by injection, such as by intravenous injection.
donor-derived multivirus- spec1f1c cytotoxic T-cells to treat and/or prevent viral infection and/or
reactivation in a subject in need of such treatment, comprising at least one or more of the
following steps: (i) isolation of peripheral blood mononuclear cells (PBMCs) from a donor; (ii)
generation of antigen-presenting cells (APCs) called dendritic cells from the PBMCs by selecting
for the ability to adhere to a cell culture substrate, followed by culture in medium containing
GM-CSF and IL4; (ii) separate nucleofection of DCs with plasmid DNA expression vectors that
encode at least one viral protein from at least two viruses as follows: (a) an expression plasmid

encoding the immunodominant adenovirus antigens hexon and penton; (b) Cytomegalovirus

(CMYV) immediate early 1 (IE1) and pp65; (c) Epstein Barr virus (EBV) EBNA1, LMPI1, and
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[0008] I n certain enbodinents, there is a nmethod of generating cytotoxic T-
| ynmphocytes (CTLs) that target at |east one antigen fromtwo or nore

Vi ruses, worprivesilg t he steps of either (1) nucl eof ecti RGTAISPOPOUEDS on of
dendritic cells (DCs) froman individual with a plurality of plasmds,
wherein each plasmd in the plurality encodes at |east one I one
of the two or nore viruses, and thereby producing a popul atlglgkwg'?agje({l‘gﬁti C
cells tBHtLlexpf)eBqulﬁﬁﬁh pfr%mgeSTaztntﬂgela&thIRi e(al Hgﬁfanf}reqmstnm ®(HHB-6)

Vi ruses; H&Z)P?cont acting a popul ation man individual with a

i brar ymmed ihped, (Hiphbaad ﬁegq’i’ée%é’é‘?treﬂ‘ésU%QfeWprﬂﬁ sy lhe e () RespaMopar t
or all 53& cytAl &N ks S\V) ‘ia Ma%&%f‘ rJtBAGE: e@( PAFREHEL A vBuLEPNh A 119K 9fid RS

( APCs) at prese east one p| top romtwo or nore different

anti gerpsqtelasn,d(mbnbﬁultmmg ﬂErmq:o;llﬁ@rf@Ited)Dﬁbdwnbﬂbmﬂsl etuineclefrbm hPBMB)adheent t he

i ndi vi | vy | eof cted P produce a opul.at i

ant 1 ge e draeten iy liifG By Bl imdied e jastalin e epanarAIdEb Il +eds:

one antth g Hefib@ Ml BONTINE MHykUSS SxpA Mg Het OTLNE thd€-RBL Id@6Re I9.EHFIE T

| ynphocytes in nmediumin a vessel tha? has” a gas perneabl e nenbr ane,

wher ei wptiowahexpansionpfndred) yarilyorg thesantigen 4pemidcity amd lack qfr dpoesstieiy of & ¢

T- Iyrrphp %gs T_C'I’ﬁ.s) that target at |east one antigen fromtwo or nore

Vi ruses. m% f65]9 I'n"sonme enbodi nents, there is a nmethod of generating

cytotoxic T- |ynphocytes (CTLS) that target two or nore tunor antigens,

conpri sing theTst eps Totel®y theatirgetl furioig] edfidc tatd1Goa vOP Udsaddigiad QlfndDﬁssef In)m

an individual with a plurality of plasm ds, wherein each plasmd in th

pl ur al ifNUBAIRRELCH t mrihvad;talSo e Eﬂrﬁlo BnesteXprRs sk appgeas t%ﬁobe dnieegend, hese

ther ebynREadUEhRE e RABILEL &%@iexmswmméﬁ@éus%mgé SURVAVIKE PRIV

| east one” epi tope two or nore tunor antigens contacting a

popul atN'YHESES- IMXGEM SS)Ganmd/SSIHaI(amﬁampksb iviorielr yreafonpeqtly degiessat én &iln

t he pepti rlap in _seguence to.s art or all of an en ant i gen,

t her ebﬂnﬁ?\ﬁﬁu&? @feégﬁ%‘ﬁéi’ra% USANPEPBES llb‘gélj Pi‘rﬂ&‘tﬂa’b?fég‘é‘}ﬁne%tﬁ ItI'Qa{E’tS ﬂélg
epi t openfenIR (HRe O&ev@%@d gLrBfo%Bl‘%”Io %@ﬁér%r‘ﬁ@l 81BHalC Nt aGhiNayiRe dimiRiRbus

bl ood nononucl ear ce fromthe i nd| vidual wth the APCs to

pr oduc@p@pi@@puhatim&bm@tlp]anmngmmngml dsing PUsyprpérdcyits: mastermikeofc pgraikes of

Cut or PRI g RRRosS R B ST REaNG % B alehott TR0, BBRr i o

Menbr am@moMERERICN Tt B&lsC OO REAESy Of ta%tﬁgdmumw@rﬁaﬁg@@ élhmﬁandohalg shokfd
and either L6 or I1L27. In sp eC|f|c enbodi ments, the individual has

| ynphom@aX@mlmeGIEbnﬁfélcaqm a@@rmmlmlzénwwrmmne etrapd- Fop 174 84/4@  expanyyn  the

2011/ 0 PCTY,

B PODTE0S LS IREORDcBAREAS cyiskine spokiall § & et RV PG e By

i nj ect ivdtile }irmf\tiﬁlg tlg rbuyltlsp&rfmmﬁmlse lings €Tlid @BultaBRCEE. S G dAbh 80N OFfr hiEi

DRAW NGS 1\211 FI GS. 1A-1C show gener ation of TA-specific CIL

| i nes |pﬁochléa¢ HRyY @6@16} o (when stimupged WilnEA4x BePriigEhéy Eldsret a@fémrr%@clélﬂﬁrsed

or pl as, ecte r u r

of conb |oa%£a%’fs’f &gnﬁ%gﬁgﬁﬁgﬁﬁacﬁlpr@g%u%éﬁ\ﬁgﬁ iﬁo‘l'é&et%sﬁ%\/\kl&lssﬁfpgr Eaagéeg%% (B)

| FN- 7 11ELrh¢$1ﬁ0hal&IiE00ﬂi] S Sblfelefe\@'d_adsaﬁeST @Qﬂﬁn&ir@@ddéﬂsﬂglyegeﬁlhﬁtedpﬂpmm I( Frefd

panel ) asmds (right panel) as a source of anti C) The

cyt oki rP@MGWOE%%d g/m hqavﬂnprgreaﬁ%il L RSBty e ¢ S@ @mql%ou% HERPY j ¢

CTL wi thsijjul taneous specificity agal nst 55X2, Survivin, and MAGE- A4, for

exanpl e, as neasured by IFN-y ELIspot. [0011]FIG 2 shovvs generation of

functional TA-specific CTL lines in healthy donors. TAA-CTL with

speci f iMultituinor-ASseciated A ntigen Spicifie TeCelld for tankert | pepm x- pul sed aut ol ogous

ffic\sli 'rﬂs‘_"‘sgggl f@&g“?’%%&&ea\%ﬁlgﬁéﬁa t%%%’@%i hveﬁ'u‘én STE S aR PG e MRl
TAA that are highly expressed on tumor cells, including, for example, MAGEI, 3, PRAME, and

NY-ESO-I, for example (see below).

[0003] In certain embodiments the present invention concerns CTL therapy for the

treatment of particular tumors, including EBV negative tumors.
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the art. [0013] FIG 4 illustrates exenplary generation of

mul tivirus-specific CTL pursuant to at |east certain nethods of the

i nvent i orwo0 2011/028531 [ 0014] FIG 5 illustrates one enbodiPEEAIS2@0/03650DV el
protocol to generate nmultivirus CTL using plasm ds as a source of antigen
and ot her exenplary refinenents, such as the addition of t ' L4
and IL7 and culture in the G Rex bioreactor. [0015] FIG 6?4?&?5%@(%
hi gher CTL spe¢0004gi tly spécific érhisodidetntt,i the pebent ikl eatich tdnterns @OAdhtidn 6. CTLs
denonstrates optim zation of the seeding density of DCs: PBMCs for the,

i ni ti alfosMuliplatin aafgenshowskrughdhe nveRtien may birutiliggd foramyoraged eidinged

f f ' [ . L t
or op h%rf?élbre%&t, bfﬁ?ﬁ,'sﬁﬂnach, ovarlaﬁ,o %%lg%é%j’ulg!é‘?y’ ﬁyér, i)(')’r%, Eﬁjvﬁﬁl,!:u el tggiku?z{r,el

conpar a In Specificity tot pr using a conventional protoc
901484 480state,\Wea@ 01d A @RS ERLRCIHAUSLHHD, DUGSRE BAAMIROTL B\WinjOib8jiFuBized fahows

a conparison of .CT rati utilizing plasm ds or pepm xes. [0019] FIG
10 sho&&ncﬁrscﬁﬁ%?tiaé?ﬁ’g‘ﬁg’&% 3&%086 YEITO¥epm xes for CTL specificity.

[0005] In specific embodiments of the invention, the CTL product is designed to
specifically correspond to the antigenic expression pattern exhibited by the individual’s tumor.
Thus, given that one can now nucleofect multiple antigen expression vectors into DCs provides a
route by which a single CTL product is generated that responds to the unique antigenic signature

of an individual's tumor.

[0006] To this end the inventors have developed an approach to generate CTL lines
reactive against multiple tumor antigens simultaneously by stimulation with dendritic cells
pulsed with pepmixes spanning the antigens of interest as a stimulus in the presence of the
cytokine cocktail IL7, 12, 15 and either IL6 or IL27 for the first 9 days, which the inventors have
shown to be essential for generating CTL lines with multi-antigen specificity (FIG. 14).
Subsequently, the CTL are restimulated using DCs pulsed with the same pepmixes and cultured

in IL7 and IL2.

[0007] In certain embodiments of the invention, there is a method of generating
cytotoxic T-lymphocytes (CTLs) that target at least one antigen from two or more viruses,
comprising the steps of nucleofecting a population of dendritic cells (DCs) from an individual
with a plurality of plasmids, wherein each plasmid in the plurality encodes at least one antigen
from one of the two or more viruses, and thereby producing a population of dendritic cells that
expresses and presents at least one antigen from two or more viruses; contacting peripheral blood
mononuclear cells (PBMC) from the individual with the nucleofected DCs (APCs) to produce a
population of antigen-specific T lymphocytes that are capable of responding to at least one
antigen from two or more viruses; and culturing the antigen-specific T lymphocytes in medium
in a vessel that has a gas permeable membrane, wherein components of medium comprise IL-4
and IL-7, to produce cytotoxic T-lymphocytes (CTLs) that target at least one antigen from two or
more viruses. In specific embodiments, the CTLs are administered to an immunocompromised
individual. In some cases, the individual has had allogeneic stem cell transplant. In particular

cases, the viruses are selected from the group consisting of EBV, CMV, Adenovirus, BK, HHV®6,
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[0020] FIG 11 denonstrates a broader epitope spectrumw th pepm xes.
[0021] FIG 12 illustrates CTL generation using pepm xes/ bioreactor.

[ 0022] FIv@D 208/d8380nstrates that cytokine cocktail [|L7, PCCAB2010/046505 and

| L27, for exanple, broadens spectrum of antigen specificity in nultitunor

CTLs. [0023] FIG 14 illustrates that CTL lines s | us
specificity for two or nore antigens. [0024] FIG 15 shom?&g&'w%@ﬂ Ls
can be Ranshificetzawi tParanflucans geBocavirhs r@€cepivirus, [ 0ORSY, FMamg® Measles,

denonstrates that the transgenic IL7 receptor _is functional. [0026]FI G 17
denons tMERREUMPxUS, Qv TeTROPRES dYVest Nijga Vg Hdancrgenasipe dhqreed: t i

[0027] %c%n% bSIMWRLs! ME cEIRSHE E%nﬁfist&%n%gg?ﬂéctfog%—ucﬁ%‘%g?ﬁt'ka‘%@?cﬁ{sﬁ@%&%n‘?

i ncl udi tiple conponents of an e nt of a systemo
i nventi on. [0028] FIG 19 shows responses to S exenplary viruses
(CW, EBV, Ads, [B¥8hnd Innédriaemzapodifiratsarthérganst Mmedwdeeicgensfatingecywitorises-

d in t , he b dered f Left to ri.ght
Che 1 gy S AL ot o (B0t HEE AT £ BESR BHRCRy Epmiigng
| NVENT s(hys e () K@eqifeidingdal fopuition Hif ABAINGE: QN €DUs) ABMCANMBRIQADN withhe

words "a" and "an" when used in the present specification in concert with
t he wodhralginef ptaswids, wheleidtash plasend ingherplurgdn gpeodep pidedst onpdigen Goprone
enbodi S,.0f [ [ c ' f - | - | al e
or” o TSRl oL OERY SRR Rl e oGNS S RERSPHL b Yyt
cont emphabederithat leadyndwithed f@in eonposbid \iusee 9E (1)kedabéiged pomadtiddet DCs

I npl emented with respect to any ot her nethod or conposition described

her ei nfrom an individual with a library of peptides, wherein the peptides overlap in sequence to span
part or all of an entire viral antigen, thereby producing a population of DCs (APCs) that present
at least one epitope from two or more different antigens; and contacting peripheral blood
mononuclear cells (PBMC) from the individual with the nucleofected DCs (APCs) to produce a
population of antigen-specific T lymphocytes that are capable of responding to at least one
antigen from two or more viruses; and culturing the antigen-specific T lymphocytes in medium
in a vessel that has a gas permeable membrane, wherein components of medium comprise IL-4

and IL-7, to produce cytotoxic T-lymphocytes (CTLs) that target at least one antigen from two or

more viruses.

[0009] In some embodiments, there is a method of generating cytotoxic T-
lymphocytes (CTLs) that target two or more tumor antigens, comprising the steps of either (1)
nucleofecting a population of DCs from an individual with a plurality of plasmids, wherein each
plasmid in the plurality encodes at least one epitope of one or more tumor antigens, thereby
producing a population of DCs (APCs) that express and present at least one epitope from two or
more tumor antigens; or (2) contacting a population of DCs from an individual with a library of
peptides, wherein the peptides overlap in sequence to span part or all of an entire antigen,
thereby producing a population of DCs (APCs) that present at least one epitope from two or
more different antigens; and contacting peripheral blood mononuclear cells (PBMCs) from the
individual with the APCs to produce a population of antigen specific T lymphocytes that are
capable of responding to at least one epitope from two or more tumor antigens; and culturing the
T-lymphocytes in medium in a vessel that has a gas permeable membrane, wherein the
components of the medium comprise IL-7, IL12, IL15 and either IL6 or IL27. In specific

embodiments, the individual has lymphoma or leukemia. In certain embodiments, the T-
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90148443.1 WD 2011/ 028531PCT/ US2010/ 046505 BAYM P0016WD [ 0030]
U.S. Provisional Patent Application 61/267,761, "Culture Method for More
Ef fi ci entwBroduesison of Cells", filed Decenber 8, 2009, pamasehigo4d3as ent
Application No. 10/961, 814, filed October 8, 2004, are both incorporated by
reference herein in their entirety. |. GENERAL ENBCDINENTSlgf ﬁg?obg$§§FICN
[ 0031] The present invention concerns the generation of CTLS ¥ { t

mul ti pllgmpleddyegens admmtdterdd ng the indBaduabrsubRat e iiajectiar, iedadipg &) iotratenads
target multiple tunor antigens. The CTLs are produced nore rapidly than
conventMEHHM met hods by enpl oyi ng i nprovenments provided by the invention.
The i nprovenents include the use of particular types of vectors or
particular libraries of peptides as a source of the antigens, and the use
of certain cytokines i i i { t he use of
speci ali zed cel | cu|tu?@hgﬁﬁﬁgﬁgﬁgp?§b§ﬁ%€§?@€5%??ﬁ§Pﬁgg|| culture
proliferation and expansi on. [0032] In particular, the present

i nvention provi@eHd] mRISds At iC phicvd geeeraridnt ofVE A-upsipide CTLdined us hdabthy tdoeatsi ng
i ndi vi s with multiple virus infections (such as those haying tiple
virus ﬁﬁ? £ e $§‘6‘§’Eat‘§‘l Yoyeridics PspRmRYEFTd o1 BIA a‘Fﬁn)Sgﬁ?edi]?é? ot é@nﬁssaﬁ th
cancer dngVvi,RE RALLIGH iy preseEBE oP&RGhaiRd o@@ﬁﬂaﬁi@fﬁ%-cyldﬁi&@%@h Hefiote HowdPt h
mul tivirus and tunor-associ ated antigen cases, the Source of the antigen
may be ieiThblerl. 9B aBiN-dsEbsppeptalydes dfi GFlatinesgenerntaimong ot pepiinixb@efh peades,

t he CTLs e cultured in vessels havin s _per neabpl e nbrane, I n
speci f i% Dﬁ%@@ﬁ% éﬂgaf P%%@ i iquwerqfsan&_&%bgéhéﬁF §,yt0?we C@Hﬁ’ﬂ‘lﬂ“@nﬁ%&i Hirk?-
conpri %E?S,'alnﬁ B obdced! ﬁuﬁﬁ%k-@f)&im Wﬁﬂts_%mﬁ?lftanfehﬁs Eﬂé@ﬁfcit?%%‘éﬁfs@@ﬁl
anti gen enbodi msn}t)s, the culture nmedium conprises IL-7, I1L12; I'L15 and

ei t her SubGviar add TAGE-A4, EXENEhARYaGRedsufddIBHURN-FEUISBMENT AND REAGENTS
[0033]In certain enbodi nents of the invention, any cells are cul tured under

conditions to facilit roliferation of the desired cel ln particul ar
coses. the col 18y o' B, B Bort Gomre i gh firoiertd AR Rnb L hrtel s healthy

Provi sigapals. Faleatri AR | %fg:ﬂy% 2@3&@11 and @93 W&e Meiched 1h1PepRELpulsed

Efficient Production of filed Decenber 8, 2009, and U. Pat ent

Appl i catiobrzoNe APC/i96 #hetonfim edeetstagr 8, 2004, which are both
i ncorporated by reference herein in their entirety. In specific enbodi nents

of the inventi el cul tured. in.a.gas pery cell .cul tur .
device. In cer?@l%?caglz‘é',ag %elhoé)v Scéerﬁflucgll?fltolg?ré%éﬁsﬂ|p5(r:rle¥1§ta€iz; Ibgvesre“f'g%seﬁ%?%l%flsom

prolifefeade to higher densities while dramatically reduci ng nmani pul ati ons
on the part of a cell culture technician. In sonme enbodi ments, the device

has a gas perneable hottomthat permts cells to gravitate to the bottomto
access oxygen WH3 hd1ad ilhstates srampai ssarragen agautivirus-specific CTL pursuant

to at least certain methods of the invention.

[0014] FIG. 5 illustrates one embodiment of a novel protocol to generate multivirus
CTL using plasmids as a source of antigen and other exemplary refinements, such as the addition

of the cytokines IL4 and IL7 and culture in the G-Rex bioreactor.
[0015] FIG. 6 illustrates a higher CTL specificity with the addition of IL4 and IL7.

[0016] FIG. 7 demonstrates optimization of the seeding density of DCs:PBMCs for

the initial stimulation and showed that a ratio of at least 1:20 was required for optimal activation.

[0017] FIG. 8 illustrates that rCTL are comparable in specificity to those produced

using a conventional protocol.

90148443.1
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WD 2011/ 028531PCT/ US2010/ 046505 BAYM P0O016W) [0034] In certain
enbodi nents of the invention, there is utilized a gas perneabl e cel

cul ture O®0I2081/02833pri sing a top and a bottom joi ned by &Cpluse@biogesodf

sides, wherein the bottom conprises a gas perneable material and at |east a
portion of a side is conprised of a gas perneable materi al R% S
can be cultured when the apparatus is oriented in at Ieast]%ag g@ﬁ&ﬁ&ﬁL,
certically and[00d8] zonFHb.| §.shbws pacsipatisah €Qddi gaetdiont diAng@pheas@ids or

per meabl e devi ces and nethods are disclosed for cell culture, including
cel | cWPPUPéSdevi ces and net hods that contain nedium at heights and certain
gas perneabl e surface area to nedi um volune ratios. These devi ces and

met hods al | ow igmx @T@W@sﬂo@vscaeédmﬁéﬁlséﬂl&eplé‘sfrﬁlﬂcak %ﬁﬁuﬁé@%ﬁ@@h%pé{:@ﬁcuy
efficiency. [0035]Certain enbodi nents disclosed herein provide nore
efficient cell culture devices and nmethods that overcone the |limtations of
prior devices #R0ketihadbl dgmerstates agropder gritope spceunewitle pepriingt. can
integrate a variety of novel attributes. These various attributes include
gas exchange t | § | i gui- d | ( reased nedi um
hei ght , reducegkggi Eggh%gﬁﬁguégr¢£gé£§§é%§§%nﬂ%%#%ﬁ¥%9ﬁﬁﬁ%mggt|os gas
exchange through the device, side walls, cell support scaffolds that are
conpri sed of t [@022] i aFial. 1B8aemohsattses thmcbytodnmcemmﬂglaﬁ Helr2ydlald, endrdl 27, ifed

t hi ckness. articul ar odi nent s, r bl e devi ces conpri sed
of a | GREPPY§ a@pﬁ%ﬁ'ﬁlﬁé%re t3FiBg SHeflfFéth‘eH‘élﬁitEE‘a’f S ner ease medi um

hei ght beyond that dictated by conventional w sdomor allowed in

commer ci al |y aygy23abl @cieyiig@sradd GhattdAt hﬁesns\heax di1 @ eoty BRCIRYEG FoMd 1biN
cell culture nediumplays a role [ 0036] Reducing the ratio of gas
per nealvh@e gutigease area to medi um volume to a ratio not contenplated in
prior cell culture devices or methods can also increase culture efficiency.
It allows an i | U i res n |n
devi ce 1ongth S0 at FiCh B Hiss g s ol B ARLoaS A A N PR,

t hat alré@ptori t her nedlun1height to increase or the ratio of gas perneable
surface area to nedi um vol une to decrease. Provisions can al so be nade that
al l ow both the ium height to increase and the ratio of gas perneabl e
surface area té&?ﬁgh Eﬁ& %ﬁg@ﬁ%mtsea@éé}aé%éranw@@r Tireseptards fumgt gl gn

obj ective to reduce the gas perneabl e surface area to medium volume ratio
relative to copyRe! onat, WrseeiBnsfatd B \ﬂ% wRhdr eTLenbod "BNiginkHh H8Sen
per meabl e devi ces and nethods are possible. They can take the formof prior
devi cespeaficigntirely new forns. If the formis a gas perneable petri dish
up below 50 mmin dianeter, the gas perneable surface area to nmedi um vol une
rzgg_lj_;) 0; ggg'lgcfﬁ /[@@?g) gl}"%hggosgg\lvg € resu 4lts 0 chmcal réT]E %gnegrgt%}lsérgged]ﬁre }/I\i"c?luding

BAYM PRRIGMB cb@ipohdnts & @asntipaimBabl e spetémiof HeshvélioAm or greater in
di aneter, the gas perneable surface area to nediun1vo|une rati o should

preferably be below 1.96 cn® . If the formis a nmultiple well tissue
culture pI at e \[\?‘Pﬁ 384GndP |S%0%Sr TEARATSES PReSGAPIFE Vst € MYRte dy 8K g
medi umpy; ﬁé Qntggegls”fﬁ)nﬂ)regé eéiaﬁl'eywﬂl%esbﬁée‘a%é &Ql?ecf%éﬂﬁhwﬂe‘?é thd 9&5‘ b
wells to ess t an 384 e gas perneabl e surface area to nedi um

vol une ordtrédfremdefit ¢ pglefae tieblegendeprbelednrdmA8p enipittoly. 24 wells or | ess, the
gas perneabl e surface area to nedium volune ratio should preferably be

bel ow 0.97 cn2/ m . e in which two
sides of the cartri d@?ﬁ%@é?ﬁ?ﬁﬂwﬁiﬁ%ﬁﬁ@@bﬁ to medi um vol unme
rati o should preferably be below 0.79 cnR/m . in the formof a cel
culture bag, t(6029%s pekegahd wlﬁwbﬁg@@n@hg@atdﬁtmlculﬁnev&ablwme radrtlo “shand d
preferably be below 1.0 cn2/m . If the formis a conpartnentalized device,
and al I“anedheiised inHbe geveriepeabsation i ronsesl vlthﬁhﬁ/emqueor@ermﬁmgaéa%@bg éhe
menbr a h Sec Oyt
prefer§§F§E6§m%§|éﬁ§1 ch??ﬁ*?a%ﬁhgaéé?%?ﬁﬁﬁgh§%@%%£ar CO 1%I|f§ eV|ce
and al lessgadaliymot ont e wene elemdols nediodr ﬂspsjemémlrnahydsabbv}e: fvention. It is

sem - perneable nbrane, the gas perneabl e surface area to nedlun1volune
rati o SABGMEIakdihatany Rehed gRFYMPLiten bed herein can be implggmentpd FHE 1EeRREY
gas pergeabh@eRE@bd 8} c &ﬁébsﬂfona&xcr%m@m,_fllm or material used for gas
perneabl e cell culture devices, such as silicone,

f | our oet hyl enepol ypropyl ene, pol yolefin, and ethylene vinyl acetate

copol ynmrss3 A W de range of sources for |earning about gas perneabl e
materials and their use in cell culturélcan be used for additional

gui dance, including co-pending U S. Patent Application No. 10/460, 850
|ncorporated here|n in |ts entlrety The use of the mords f|In1and nenbrane

. o e
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BAYM PO016W) about 0.1 inches, about 0.05 inches, or about 0.030 inches in
t he areaswotrerig2gss transfer is desired. [ 0039PCTHRIS2010i0¢6505 Of

wal I s of the device plays an inportant role in device scale up efficiency.
An object of this invention is to provide for increased nedj '

t hereby i ncreasing device efficiency. The height of the m%gwﬁb%‘yge
how nuch medi ui®039] alUGV\Eﬂ)VﬁSDOIfaEthdﬂt Applidﬁﬁonﬂ6]/A26E,76P\d(ﬂultgrerﬂﬂdihumf@fM‘ﬂdjeS
a Iarger source of substrates and a larger sink for waste products,

i ncr eadithgieiaProdugiigjhof vkl "ndifed Feasobati & AREHe i nBa@%talA@P]df?thPh
geonet ()%%ﬁ sgggf %&uc%em ARECaE D %&&b&awdtﬁ;{ &f&%&@ﬂ le.fn thElFHRALQY S

flow h I ohazar d posal bags. Furthernore, e i ncrease in
volune relative to the surface area upon which cells reS|de can allow nore
medi um pkr &HENER@\IbEMJB@QéMENTE&!F dHE MVENTHONS f ect of reduci ng f eedi ng
frequency, ther umrn% 181‘1Qfortloaflnc(::I n%grrﬁt ?hm ne%%{ra Bn I’olf%{l"Ls tflatctar € mu 1 ave
the effect of |ncrea5| ngp{3 e er of eerl's Fesi I'ng per“square cen et er
of devipagof&nt @idliding Skt (bﬂlbsl&g:riw. fbrSextagnpdd)l @ehai tair get @@ siplel tamide dhtigens.

vol ume can_al so have the beneficial effect of dimnishing the effects of
medi um1@¢dpblrsaiegpoduced more rapigyshpn canyengignal gngth @iﬁb@dp@?ﬁmmg\/@mrgﬁ@a@t‘s

capabl r&fld@cﬂlk Weﬁgvémﬂhuni*ﬁeqld ?&x}egf‘en?st inPluleingnls t@art?@ﬁ?aqet aJecR)Es or
devi ces that y upon a gas/ qU| I nter ace and nore pref bl'y exceeds
t hat Ofpattycplacabr%ﬁe&bf pergalss ped paabd ef td:le\anﬁms Zﬁﬂl’the)ﬂﬁfnqiﬂ @rtaﬁlh}@/tdﬂ&nfghh thoef

wal | is beygnd 3 nm and ip sone cases bey O cm and will thuys V|de
advant & @roqgvas%me&haﬁ@lddgeepge i SPF‘Héh%fé\fieﬁé’“]ctWé COPATSAL bF SURAAR ﬁ@ﬂ%f%e?
ﬁEdIUﬁkhgmkﬁﬁﬂﬁgﬁhgﬁaﬁ@éﬂmﬁ&bgr gas pernmeabl e devi ces, many advant ages
accrue including the ability to house nore cells per deV|ce feed the
device less frequently, and scale the device up wthout increasing the

foot print. wal I[@D&%n Ibeaﬁ@nhritheﬁrewntwnbbmpmm intﬂﬂ@dﬁm erddate embivehsul d
mate tg |l o

ceal . TRETHEGTARS BrUTERR NG TR Bl Moy Bt 43t T 3 b M e

adhesi yweulbpladiiig 1nf6@tﬂins 08 AIRGen&OBRIESST @ihspRHO &% endididdalR RYittDEdheEr Hakdpod
commonly used for generating seals between parts. As an option, walls and

| ower Fagicplar feBe-Esetitted paNEWan Ipenbodimentopt both mulirympnsd fuglorgsgpciated
fabric a g t et I a di

t here %&ge %?S%S H% IS&T ?@t(%fsésﬁﬁeanél Grture’ de: vné%%er @u%ﬁ{ tgs&gp gm%% h Ea}%§n1gn

mul ti p|eﬁlb6ﬁin|131t£@f rbomlormmedh@fCHsv\ﬁiab b@tchhmedompwegeleghaaq@agast,)@emme
mat eri al d the wel | sidewalls e ed a certain height, for exanpl e exceed
St 7R | entRECHS, SRPATS TGN o TOTiT RRPOLTER el £ulfih meg
13mm %éi%?hsésﬁmanﬁﬂm T} Spee (B endtfdlither® %mheatﬁﬁ'lo§ stfo&raléeﬁ antiBers ARG ditents,
enbodi nen the ratio of surface area 9014844

2011/ 0235381 RETheBAM@hpBE08.-7, IL12, IL15 and either IL6 or IL27

BAYM PO016W) of gas perneable material to the volume of a cell culture

ar b1 cullr drSERGERE CELL COPILA REENENT AND RETSES 757

cn/ 11111. [0033] [OIﬁ4é?e]rtaim epdbllintutsabf erebnEeiisi, Sny tdeds enrd cgisrepa@maeabl e
cartrldgelse in_the invention, wherein the cartrldgels co rlsed
of a | GRRGtGRY to fea Fq prehifestion Qfake drsipdatiSe Ippdichlar cassh thmerdls Itured

wher ei anﬁélee+rﬁi\é?c§ sad JHRRBLG YR 1S, qfr%lé‘lfoﬁélxﬁﬁﬁﬁtoAﬁphéa%gr6‘9967”"9 Wa(ﬁ.\ﬁ*tW?é |

formngac culture corrpartrrent ereint ernedl ate SI

exceedMéhodd fpr 01ofb difficien® PnoduttiOc mf (elREnfiled. Rdcennher B, 2008 add 4J.8mPatkn6

cm andAp:Iphgati:onI;I N r1]8}98{],%14, filed October 8, 2004, which are both incorporated by reference
herein in their entirety. In specific embodiments of the invention, cells are cultured in a gas
permeable cell culture device. In certain cases, the cell culture equipment allows T cells to
proliferate to higher densities while dramatically reducing manipulations on the part of a cell
culture technician. In some embodiments, the device has a gas permeable bottom that permits

cells to gravitate to the bottom to access oxygen via the gas permeable bottom.
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[0043] In certain cases, there is a gas perneable cell culture device

enpl oyed in the invention consisting essentially of a static cell culture
cont ai neryvowheresssit he cell cul ture container includes &Craps201&/0be0s om and
a sidewal |, wherein at |east the bottomis conprised at |east in part of
non- por ous gas perneable material, the bottom not being cur S
port to the cell culture container, and at l|east a portion %1?9%2621?63&@”
residing at a p@03ght Dreatadr erhbédimaentserfttikd ihvameun) theé Mtﬂhedsmg’afs gean@ibld he
bottom for exanple, greater than 3cm 4cm 5cm 5. cm. and so
forth. Cﬁé@&h}lrerﬁeg&ﬁ?ew@mmgn% R8s anq AtogOmsioinegay 5@#%"% %@‘FSI’ whgrein the
devi ce r ure
cont ai Her o e e e e O o M apae P LSt ER
botto mpleHn@btﬁpmatseeﬂ fich Itlmwlls ennptzer ¢u1tmfedn\@}nerpﬂ1r: cappargtas ipenentabinent rh@lsequal

t he bottom not bei H’g ngiﬁ an access tCEe cell culture contai

and notPOPHEM A2 HY x3 Mg N “&Ejdnt anﬁ‘é ‘ﬂ ‘?rﬂ'éo MERSafhers &6 §8S iPRERT ted
by the qageessndPRicthodl alLdistioRel PWca Reliab! meudﬁlgC@c'llt amr@mis@s dnldOhethods
exanmple, Icm 1.5cm 2.0cm 2.5cm 2.6cm 2.7cm 2.8cm 3.0cm and so
forth) that @nnttatmernbtbummhhméﬁ andesertalp gas pmeabbrﬁprfa@e@re@m linﬁ@llugn tﬁlulgagatlos

per maab[lhe € %%E:éa q:l lea t be Ornogf 3 1%hc IP cu Cer%f"%:llncamu ¢
exanpl €, T slal? CROVEIEEH M2t te M B ané 6)
forth) efﬂi@mctyhe bottom when the top is conpri sed entl rely of gas perneabl e
mat eri al . [ 0045] In sone enbodi nents of the invention, there

i ncludes a nethod of culturing cells including formng a cell culture

cont ai ner t hat [9R8] ud&srtaingaRdodepearsagiselopat h%fmn %Fﬁ&ldadﬁl‘i’fﬁg?f%‘é@llt &l ulfues
medi umg |

predet S M Fod aanes £yt o e O ALY 8 i ds kEr Bl BR BBy cracnsp
t ype ampdrmable dasht@sr thatredn umegfam devaretyt loé mostl attuhiites: Elheentvarioey pttalmdes

1 B SR e e Rt ooP GE St S A (L 8k OB eigne
BAYM PQ%@M@ 95%&&%5’61@ sQH&éeOa[}&d B QEAEM $uBS LAl §£ e%clflelngé tthI‘éﬁgﬂ tRWehRee
density, the flrst cell surface density defined as cel per square

centi mt@rwaﬁs cdhts@pmetr scgﬁplfdacﬂeatearr@aompnwdwa tc&dltmr@ymae@latse apd indiensek gali ng
stage of ce cul t.ure: rface nar ma

Lo Ser Pertble Bl kB TPkl oo dumB BT ab P Fardns YRR s OREE s on
est abl io$ ae@w&yga@ BMEAblcORaderiaEt RadGe @4l 6 Whdredsk Rgbdidie h@ignﬂsby@ﬁdi that MRetdEN
cultured in flasks or rrultllple wel | plates, and not m xi ngllthe cell culture
medi umbar@nEgnteRpngisdpa eelllowedge Cp@rrgqr@@llx availablecdnyires speh 8igk peeciiemef ty;
and th S g greater than the maxi mum

attai nggﬁszl%geg 1&21{11% gé:ﬂeﬁu Eleg}tﬁﬂl}gwc&;ﬁ%ntl onal nethods. [ 0046]
For multivirus CTL generation, one nay enploy a ratio of DCs: PBMCs of
1:10-20. Cells [(Dﬁ%ﬁ] beReduding & ratio af GaRperd2abln sarfucd aee t@inedlnd voluneetdi um +
L4 + IL7. On ty ? 7.cells will be counted and if there are >5x107 cells
the culif @ohicPPeRRiale) i Priof SelldCYlEie ey iFes rasmetheds £an 41Sq dpqregsp culture
embodi REfRighcy! Il allowmnwgéecﬁl\ﬁeﬁlg%ﬂdlgﬁ SITRAA ERH S c‘Jmﬁﬁgelﬂarease in device

mul ti TAA-speg fic CIL are enpl oyed he treat nment and/ or prevention of
cancer lergtlvar madth. &f theApetreayd @m@dng@t&adarovﬁunm agniniadretiat allew sitbst andiesn

pr oduc tunor cel at _trigge maine res in

0048 eSS M5 b et TG R St B S e g T decrease
car ci ngegRL¥ANEM A8 bOaTAdE @E&\)am‘)@rbotmml mERNEHeSsht ¢hinkedusé @fd Meahiiedf gas
cancer; MJC-1 or epithelial tunmor antigen (ETA) or CA 15-3 for breast

cancerpetrpfrabhfl taloee yea fremahibravdese & daceafsant i gen (MAGE) for mal i gnant

mel anoma; and abnormal products of ras, p53 for a variety of types of
turors; al phaf g ot ¢ 1L i Ohc BERAT 80Rc QRS lelee Mo LETBUIAL GANSSEen REL A
subunit of h or men w 6fe cu r cancer; prostate speC| IC an Igen
for prosddaire voameeratioheladive tercenvegtiodnl Iwwﬂd‘m),ra mlﬂet vivleey nj/eﬂnbmlmedtsl for gasre

| ynphomas; 9 for colorectal | e duct, ancr tic, cancer;

chr ormé’F’%‘?agA Ae?@fva%es P gretiods 556&%8%5 - Thseean. take takeao T9igH O %rrﬂwes S6etiEhssye
sar comggy, s DIFeRs fory 3l Q as%ﬁnkmg ERNASh-uFBAER! 5 08f ih UiRhc@NAOERS
are known in the art, for € e 1n 8heever , 2009, whi ch

i ncor peeabadlcoyurfaeé ereertg endu@meivnlunre fatie skoulil ipe¢fyrably be below 2.74 cmz/ml If the
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[ 0049] Specific exanples of tunmor antigens include at | east CEA, MAC,
CTLA-4, gpl00, nesothelin, PD-L1, TRP1l, CD40, EGFP, Her2, TCR al pha, trp2,
TCR, MJCIwWoOcdrianesssas, 4-1BB, CT26, G TR, 0X40, TG-13. WCT/UuShiah4650P2, HPV
E6 E7, EGFRvIIIl, HER-2/neu, MAGE A3, p53 nonnutant, NY-ESO 1, PSMA, GD2,

Mel an A/ MART1, Ras mutant, gp 100, 90148443.1 WO

2011/ 028531PCT/ US2010/ 046505 BAYM.POO16WO
BAYM PO&hoWh Sdx3enttitatné petﬁrcbileﬁmﬁﬁle3r gﬂBEH:) in diameeb| the ¥ psmealse swhadevarss n,
PSA, hTERT,  EphA2, PAP, M.-TAP, ERG ( TMPRSS2 ETS f usi on gene)
NAL7, BAREsdiugy P(olumﬁaeg éhowléeéﬂﬁra?ly téy‘aqlw 1§61cm rbali yi& the fopm 4 p anul fiylenyell
RhOC TRﬁlezcultgr-p laéusgﬁ’ﬁghél s Mgt ht%l:'g'as Eﬁ%ble%%c&reastb?ﬁéﬂlum QXR\]'{?
PLACL, GMB, BORI S, Tn, G oboH, ETVG-AM.° NV- B 3, oni ¢
anhydr ag® $1Nulcmmﬁ:,ratﬂyb3581bw spérem’ {Jnloﬂﬁs |thah72,4 we]ﬂ@, toHMAP\M 3&4(#1@114 th& 522,

N CTPSITGRle FGCT art WamaeyEnine P SBRAHTE 0, Do B ORTBEMM X

LI BRAREHs [P 201 ke ?515' peBSeatlé ki ZRE aldd b R iR QBlulR i ¥hd¥d Efe@é?hlﬂ? BEBERWAl | Y
avai | abl e pep tide I'i braries made up of peptides that are 15 am no acids

| ong a@ePMerh;ibth@gfomes agot premeplle tartadgeno vadehityo s1de&:@frtha|cartra§@e?¢@ gas

Exanpl es_in sefr m JPT te hnoo nyi tioul an
crnooi RERREEle RE IR sk W)t GG 36b S fd pBlerh b pel iy BAGIFIL T
19, 20,in &k, fodd,of %%ell%ﬁltul%ﬁ)ag?@e 239 perdibabR%urfdéh ardd to #édiudBvoldthe o 3Bl

more amino acids in |length, for exanple, and there is overlap of 5, 6, 7,
8, 9, pucferpbly hepbelay, 1Q4m /g, Iitge farm isjgcompartipentalized dppicepmid ghymedigm g,

27, 28@628@1(?& esﬁ%sofé@%?y%%ové) %.%m?gt)n]glq C?Bfe' ﬂﬁmbﬂllnle etﬁgsggs rﬁltem%p %\IA

THERAP I'n cer arn esinb I on, nethods of
the presemtdiunyemilimn fado eidutd gatfesbpecies bafoev chibi cratmii Th the hfarmagent s
effective in the treatnent of hyperproliferative disease, such as

ant i - c4RESRURGUALILCd gyiocyinfl- aélaﬁwéwm Ay dhet dpece dpshnet BRidiegaislyaibgve the
af f ect 'sQﬂlﬁﬁHﬁ&[blé 'fhe‘ffhb?émf] ?ﬁé ?Em?e)ﬁﬁﬁpélﬁfacp%réﬁ' {d hﬁglu%%ﬁfmec?zlti! should

i nduci ng apoptosis I n cancer reducing the growth rate of cancer
cells, prﬁduab]yﬁgliemoﬁdlcuéhnle or nunber of netastases, reducing tunor size,
i nhi bi ti ng tunor growth, reducing the bI ood supply to a tum)r or cancer

cells, pronoti e response nst.canger ce

revent ng or TFRD: « THeEiE E5F B FEaBR M G AREE bnd Gheyie S bpsria

|'i f espaRediford gl Be@edablel Edll @amerdevmég Lsi@angy aillicyne, tNRSERf1BR)D ogxgm&!ntsl ons
woul d be prOV|ded in a conbi ned amount effective to kill or i nhi

prol i f @ehwladim, and ethgleaeyvinyl ausrase ganobwaey. Aayidr mangewé sewatsdor ieﬁgllltl&é'i’@éﬁ?sser
cells ‘fﬁ'e}rﬁea‘iolk m&é&%ﬁ%ﬁh‘%ﬂei?ﬁé‘esﬁ{%ﬁt g%béa%% %Htf&séd on’X}' ‘]tnldQAc% RGPl S
I ne. I'S may

at the'sane y con acti ng a si gle
conposicbipendiag (RRaPmewoApgicaabn Not 1040860 indogioratad hu[dﬁﬁmbm tntagenThe ues by
contacting the cell with two distinct conpositions or_ formulations, at the
same t i°fdhe WAk IR YremenRings i Pbna VA taale%w&aﬂ%s WP dhs ganPesikable deateriald

t he ot hey th@?ctilﬂ'égﬁ)?s hae: BGnANH.CERNRIdimdRL 434413 ihvéfon function when the gas
2011/ 028531PCT/ US2010/ 046505 BAYM PO016WD

permeable material of the described devices and methods is beyond the thickness associated with
films and membranes. Therefore, the portion of the device that contributes to gas exchange of the
culture is called a gas permeable material herein. Those skilled in the art will recognize that the
gas permeable material should be selected based on a variety of characteristics including gas
permeability, moisture vapor transmission, capacity to be altered for desired cell interaction with
cells, optical clarity, physical strength, and the like. A wide variety of information exists that
describe the types of gas permeable materials that have been successfully used for cell culture.
Silicone is often a good choice. It has excellent oxygen permeability, can allow optical
observation, is not easily punctured, typically does not bind the cells to it, and can be easily

fabricated into a wide variety of shapes. If silicone is used, it may be less than about 0.2 inches,
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[ 0052] Tunor cell resistance to chenot herapy and radi ot herapy agents
represents a major problemin clinical oncology. One goal of current cancer
research we 20n/2833d ways to i nprove the efficacy of chemroT/isaaonaevdt her apy
by conbining it with gene therapy. For exanple, the herpes

si npl ex-thym di ne ki nase (HS-tK) gene, when delivered to brg,j a
retroviral vector system successfully induced suscepti bil |I?‘§QM>BWB§VW
ant i vi nabuta@erihcigangiont OVI5r inckasl vernboet0.630 inch&91) thel dtedsh@h@eniaextanokr ihe
present invention, it is contenplated that cell therapy could be used

si mi | ardF$i'§dn conj unction with chenot herapeutic, radiotherapeutic, or

i mrunot her apeutic intervention, in addition to other pro-apoptotic or cell
cycle regul ati n@3@YPenfiR: height of walls bP@RIevA: LRI i¥BbXant tHE 1rpﬁ§\§@ﬁn§cale up
inventive therapy may precede or follow the other agent treatnent

i nt er vaffsciersygiAmng Objegtrrpfnﬂms:tle@emlonweethsprovﬁeeﬁ@bodq:rnand smediemehdipla, mluehté:ry
agent and res entio e applied separ teI o the individ ne
vl d gEneE g s s etenad nEh Sp B AT Bl P i me Ui HRpee &

bet wee 'i}esﬁcﬁemtthérﬁe@f:e eRddin %jﬁlu.ilvlﬁ’f Mrovils B lﬁrgéit sduft® (ﬁ@kﬁﬂitra@é%chnﬂrh\/l@fgek Vigk for

t herapy would still be able to exert an advantageously conbined effect on

t he celWaste| produgth Bnétcagpsimg will hpight e mra eadivmds né?fl@drﬁhlymg@ﬁ@ladtp thre

cel | §%{;'m9t?%\:z)f nt acie'vfc o3 %%h%&nofaq%%[ W}t% élér !_haﬁ% OggﬁéhbgH} lj &Q%ooﬁ?r gnd

pref er thih apout each ot i ons
be dESIbﬁcﬂﬁkz&dtdi)sIﬁXzﬂﬂmgs tIh&thtetrﬁ@rep&fel mdreﬁwlnwoaﬁhmmn&i tgrt'hé isGiddel ehtea upon
however, where several to several wk (1, 5,

or (
6, 7 orvhigh F%lﬁsréﬂ%t%é}%owrém}ee@ﬁ%w RFé CéHrfP rheerFS&PF Ot can have the e[f@es ﬁ

Vari ou b I t
S econd?trc;i:/u(e efiralf@tilh ﬁr%%y’r gldl% 69 r%%ﬁ%c elgn%(tﬁf\aglria :f Oillgﬁﬁfsﬂdp%'r'h ék[s %)tOCS%SI]a@g}éﬁlehl_gil}’V g\%ée/ AB

B/ B/ A Afﬁéttsoma/r@sa/g%e\ nEeB/ B &A1A/ BAiBink 05 6quiieBdBtideRir BIAIE id AdoBpiiit.
A/B/A/ A/B/B/A? A[0057 B/A/Bécﬁ B/IA/AB AAAB B.AA A/B/%/C
A A B/ tructuring wa (5@5‘ pwian 11’“ upplurpg gar g %P%the&g?e? t°be

repeat %qnﬁsh@ggcﬁggﬁwts Ofﬁle@hﬁpeqaﬁoﬁggﬁ enpl ated that various standard
therapies, as well as surgical intervention, nmay be applied in conbination

with the inventi ve cel |l therapy. 90148443.1 WD 2011/ 028531PCT/ US2010/ 046505
BAYM P0O016W Al0049¢ndn Heqeetplyl embodiment, W@l%@r capabbeef allverapmedival worepide IaUde

a vari Et esgcﬂc é@qnglcgadt Itfl)aﬂ h(ﬁ:vf}%e?hsat%l ﬁlt E gsl/] 1£%ter?acg angdI (Eteg)cr)&epa%

treatrren |0nc rale

al tr et artdeds tHA06LtypKal statﬁ@g@q&hheabmﬂéda&tsr EB¥adx@m ﬁ[wmeﬁgne)f wadliadeyond 3
cisplatin (CDDP), carboplatin, procarbazine, | or et ham ne,

cycl opHRpHihingemecangst sy ek 29, cni.fad reiHi thies Prﬁélldﬁ ReyanReesHp v PEavisliag psers of
busul f
usul Tl 4LVild B WkdN o?aafahfn dr% ‘?%%@)%qglg @%%? thaﬁl%r% '(‘#%k e Fne Bl QLY &N

plicomycin, mtonycin, et op ene, estrogeh
recept (mllanlyl aﬂdam%eagecn’us ;mchabmg thegbitity tcaliuse monavelshien d¢v1éea|fcfeelstyd: dpriad ek

tansferase inhibitors anspl at | nurn 5-f | uor our aci.| cri
vi nbl adfRCH e ARRF R ﬁh@xf%we Upr WishRpt dpeapasedne Sestpijags WS eap arfpnwrw%%f

f or egoiyg biRonfPadbieth&ERA¥%nd should mate to lower gas permeable material in a manner that
forms a liquid tight seal. The methods of mating a lower gas permeable material to walls include
adhesive bonding, heat sealing, compression squeeze, and any other method commonly used for
generating seals between parts. As an option, walls and lower gas permeable material can be

formed of the same material and fabricated as a single entity.

[0041] In certain embodiments, there is a multiple well tissue culture device, such
as a plate, having multiple wells each composed of a well bottom comprising a gas permeable
material and the well sidewalls exceed a certain height, for example exceed Smm, 7mm, 9mm,
10mm, 10.5mm, 10.7mm, 10.9mm, 11mm, 11.1mm, 11.5mm, 12mm, 13mm, 14mm, 15mm,

16mm, 16.5mm, 17mm, 18mm, and so forth. In specific embodiments, the ratio of surface area
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[ 0060] O her factors that cause DNA danage and have been used extensively
i ncl ude what are commonly known as 7-rays, X-rays, and/or the directed
del i very W0 20udi283330t opes to tunor cells. O her forns ofPCDNA2dla/MEGIHQ
factors are al so contenpl ated such as mcrowaves and UV-irradiation. It is
nost likely that all of these factors effect a broad range

DNA, on the precursors of DNA, on the replication and repaiﬁggg&%\g@d on
t he ass€mhi perardbleahateaance: oblumbrodnstinesurdasagetnican gash hoh welr eystorange
fromdaily doses of 50 to 200 roentgens for prol onged periods of ting (13 to
4 wk), e sidenglle) biysles Gen 2opticareded PoemiRihsiessDhange 2r dnfes: Paf 091,

r adi oi %ﬁ.pgﬂes vary wi dely, and depend on the half-life of the isotope, the
strength and type of radiation emtted, and the uptake by the neoplastic
cells. [0061] The ternms "contacted” and "exposed,” when applied to a cell,
are used her ei H0042] dekcpartialarrenmdovess thereahgas peameabber equeidige d¢s employediot

and a chenot her apeutic ,or radi ot herapeuti ent e del.ivered to a t et
ool Sorme PR BRI Rroal i i SERRREY 5o TR vl ol G a Peinei ey e
cel I Kiphdtérn@, f upbés 'kx@ll, RatehiRgeNSvar ﬁuﬂﬁbibéf_esﬁzﬂ@ls hee @f_ﬁ@c_@di!toid?l the&aFaiaped
amount effective to kill the cell or prevent it fromdividin

. C
| munotsidewayforming a cell quifgs2qonpastnest: ereapia ke Buermyeingy adfp\ya}l?e@eyda)Q}S@rﬁe
use of N8 oRf %{E%rél"z@}n', ?}‘.g?r&%éq%}&ﬁ,”ﬂﬁmt St %ﬁ&l%“qng%eti {y cancer

cells. "The rmiwuné erféctor or’ exanplé&, dn antibody specific for
sonme marker on the surface of a tunor cell. The antibody al one may serve as
an effector of [004#3] apy carain tasemythé¢redy aipds peihedbleadl]l ailtuee dslidealniplogidfieclic
cell killing. The anti bodé %01 8443. 1 %011/ 028531PCT/ US2010/ 0@65 5
BAYM POOVESRN £o8%stRg cpendhy oht s@tit e apliHge Fontadern WIEKEhSih &F p‘é\(ﬁ'f’ifec,
radi onyghiAer iddhided aAof NRbktork e dEQN NwhBEhHtHISsE tHeBHiBm Rl GmprRBE at
serve nerely as a targeting agent. Alternatively, the effector nmP be a
| ymphodsaseingartrofineg-parayghapameoble cudteial hhe botre nathang airvéd an digese pdry toor

i ndirect| with a tunor cell target. Various effector cells . includ

oyt ot ot oH St et Ei et Bten o ineHLES edid heigl Bl oy as
part ofcedaif QUACHOMNEE AR¥ace iR tHeAWUSRL ForQXaMipld) ofddfer REASRA, 4681 behhebany -
The general approach for conbi ned therapy is discussed bel ow. Generally,

t he turbesm, ¢eh] andipotfortear some marker that is anmenable to targeting, i.e.,
is not present on the magjority of other cells. Many tunor markers exist and

any of these sui . ti i-n t t r
i nvention. Coﬁ%oﬁ1la ? um)rIlIl ﬁsab%eérgg?(%g{egg’e ﬂgeg? é?naogﬁ%%gfg%%}ea%l} ﬁgﬁ?ﬁprg%g{gat e
speci f icomrising @nstati c#lbcyltird dhtad®es, ovhat@dthariell galture &ndgdinanihtigdes a top, a
tyrosi nase (p97),.9gp68, TAG 72, HWG Sialyl Lewi s Antigen, MicA MicB,
PLAP, &sttragan! psidepertls Wheisi 3 laast dreebRttm ie¢pnipsisga @t fppBisin part egiwigporous

gas permeable material, the bottom not being curved, an access port to the cell culture container,
and not including mixing equipment, wherein the sidewall is not interrupted by the access port at
least below a height of a certain amount (for example, lecm, 1.5cm, 2.0cm, 2.5c¢m, 2.6cm, 2.7cm,
2.8cm, 3.0cm, and so forth) from the bottom when the top is not comprised entirely of gas
permeable material or at least beyond a height of a certain amount (for example, 1.5cm, 1.7cm.
1.8cm, 1.9cm, 2.0cm, 2.1cm, 2.2cm, 2.3cm, and so forth) from the bottom when the top is

comprised entirely of gas permeable material.

[0045] In some embodiments of the invention, there includes a method of culturing
cells including forming a cell culture container that includes a gas permeable bottom; and adding
cell culture medium and seeding cells of a predetermined cell type and of a predetermined
quantity in the cell culture container such that the cell type and cell culture medium reside in the

cell culture container; and allowing the predetermined quantity of cells to gravitate to the gas
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[0064] In yet another enbodi ment, the secondary treatnent is a gene therapy
in which a therapeutic polynucleotide is adm nistered before, after, or at
t he sane wore11A2833Me present invention clinical enbodi MPATAIS200a¢0ety of
expression products are enconpassed within the invention, including

i nducers of cellular proliferation, inhibitors of cellular i Lon,
or reqgulators of programed cell death. E. Surgery ﬁég%gﬁéﬁww
Appr oxipeah&ible B&bonoin peles ensstablish acARc esll wirfdce Wedetyg thesfirsge¢ly saface afemsityy pe,
whi ch i ncludes preventative, diagnostic or staging, cur atl ve and palliative
sur ger YIeIRsH 8t Fls RAISgers CF%“%“E%HE é‘?ntﬁliﬂ%ra%‘w%‘ﬁ? AFHPoRayhish hegetsidg at the
conj un r t t r 2
Vet o D B e o, a3

i munotbhmgapys thadther fiat ta@l natdce elendigrtapl k. been established] (b@@@]lv@nuoaah methods
surgery. includes resecti n in art of anc us tissue js

physi caf} %}ﬁ‘r“élﬁﬁ%gwé%? bee V%H‘F&/%‘?t“@&sl{l r Byitipie v oAt BRI
physi cahe ég@NRMRLe RdRin ARPAloWIAS theOJeuatyf)@fmgrowl 0 2Rdbid é)é]l §iRfakd BBsity; and
resection, treatnent by sur i ncl udes | aser surgery, cryosurgery,

el ectr élwﬁegem@/celhmfam dww%amlgﬂreaﬁmthm 1hedn@@mg@rqtta(nvbh;sfellssmfg@r@eﬁsﬂy of i s
further con?lon lrr?étﬁd that the present invention may be used in conjunction
with r&iBVA superfl cial cancers, precancers, or incidental amunts of
normal tissue. 90148443.1 WO 2011/ 028531PCT/ US2010/ 046505 BAYM POO16V

[ 0067] Upon ex@i}(mq)n afr rmﬁfmrﬁﬁcmlge@éraﬁ@nmém @E)lbE a riticcSUBCs:PBMO4Of , a
cavity On’ﬁ}/ be formed in the bod Treat ment may be acconplished by

per f usilof-2Qiedls tmppeesilfvged By a2 CoRen404p 5 Y%@F@ﬁ 38ml phgneguay it Hyy- On
addi ti \ r gﬁgg f

exanpl 31994 5 @’rl;e!lls %@ BElc 0{1151},@{1 %f,?a éf, tﬁ%&%@# Bgﬁf(ﬂ%g%ls g@ ecu?l(ﬁre N ﬁﬁl’t 1 105151 few
weeks wltleﬁv@hynadla 21;1 c8taidembodifentd, 8, 9, 10, 11, or 12 nont hs These
treatments may be of varying dosages as well. F. O her agents

[ 0068] i hat ot her agents may be used in conbination with
the pr Ji]tent imm%ﬁpr ove the therapeutic efficacy of treatnent.
These addi ti ongdo4ryent]a dnidutients RRERIMREULTAA-YpeaBRNCTL g eRiptoyledaior ald ect
t he upregul ation of cell surface receptors and GAP junctions, cytostatic
and di feawesit pad/PoRrexgriinnsof GanRirbp variety ol Toaf maphe siraied. orl UEI9E ARGEZANR Afe

i ncrea v L, I 0 apoptotic

i nducer%gbStt%}l%eﬁgl%a{“E SI %ﬁ%?@fcé”ggﬁ}awpg% %“dé‘ll %ﬁlﬁ%gﬁ/nozléér:%g IZO# actor; interferon
al pha, beta, and gamma; |L-2 and ot her cytokines; F42K and ot her cytokine
anal ogs; or M POMUS] MERehipbira funitRmiigeRANITES; atdeadt dteHfelowingmekiciesmbljtonics

further cont | ated th t t he up ion of cell s ce rece

t heir |aP6%f‘r’i’d§&gﬁE ﬁoraé’of—"s CanceRs (ff 3%2‘{“ DR BRSty 11L°’€A/BH’|ﬂgeth§Ltt‘éfH‘Pli ate
the apqpfigid GTADCAG-kiduddi &mcof ofBnREes %reqaﬂoma%&é&aecbxntﬁg%MMA@Eﬁent
of an autocrine or paracrine effect on hyperproliferative cel I'ncreases

i nt er cddll mahgnasit greddniony:; lyd ebeeratal pepdubts ofuab ard 3ofor GARretpn of typns ofvowrhers;

nyper pr DTGP U P BB B Rbr R B SRoBA ARAL. O Yt BaPaPER i

di ff er eakicalht OdhcaQ PRdstat€ apecR AHF@En ifér 05 RBAdPbAM L inithRIdbuBE €6t multiple
invention to inprove the anti -hyerf&ol iferative effi cacy of the treatnents.

| nhi bi teyedorpfandein) S%éﬁﬂﬂﬁ’%e% @ripr apkodeatal. biprdvge %nﬁep?élﬁfqaeeccynw, t he
present I | | h (.bitar h on
i mase TIRRENE D £ BB 7 GE cour PROR Tol AL Sof RS e troni T R

ot her aag@@tt, golohadnd lnag eager. t Beansgasoft tuktiol yntdfena akylpemprialthd x, afbt et in t o
apopt osi s, such as the antibody c225, could be used in _conbination with the
pr esentCheRVEE it flor00%: ‘i"lﬁlﬁlil Wgcqrﬁgrafeﬁggtrﬁ@mncgppqew@yts NYFE0] Hor nonal  t her apy
may al so be used in conjunction with the present invention or in

combi nation wi t[dm@qu S}Je@ﬁirc KAMPRE of ﬂﬁﬁé’xpa)ﬁu@ér?svlhé’l‘dﬁé ¥t 88 ‘UEAPEMHCT@L%@ of
hor nones may bé enployed in thée treatment 6f certain cancers such

br east gppd@steadhelioApP-LdnTREN, CPAY. K@FP.ddee eFCRalphawep2,t HeR | MUK, odr2btaeck

L1 et ménB < SR DucR TRRER: A MG TWER. 8Fs EhoTBHREN Riprdinte.

ggi;gg%ﬁﬁ}@&rﬁﬁ A& huRt NSAESD-1, PIMAUEDE el MVNRTEURRIARGS:, gp 100,
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WO 2011/ 028531PCT/ US2010/ 046505 BAYM P0016WD [ 0070] DNA

nmet hyl transferase inhibitors and/ or histone deacetyl ase inhibitors.
Exenpl ar ywONM 12833yl t r ansf erase i nhi bitors include, for PEXAISPIIG/046505
5-azacyti di ne, 5-aza-2'- deoxycytidine, 1l-beta-D arabinofurano s yl-5-
azac yto sine and di hydro-5- azac ytidine. Exenplary HDAC i E)é

i ncl ude hydroxam c acids, such as trichostatin A, cyclic telﬂgg Bﬁ{)]éﬁ\glo

(such as$3tmhiapaxProtdhased roElRmeadﬂﬂ,sTjaephagée Survbﬁﬂ,zmuk dlEBER'EI IEsHA ) PR, INL-
ket ones; and t he all hatic acid co ounds. such as_phenyl hutyrate and

val proil8PacdAid: kpCA §IMPRSS2 T{* o7ier gHE)-f Py Idwitigs ox bt edndipeen
present.gd to? QWﬁi’e BY Oﬁﬂiglf; ghé yeily MY ENS RhBEE TR 'if’e?b%ﬁfs efh&dyEaRPYINTER 1A

thelnvenlon in no way owever econstrued as’limting the
broad $Séje MAGIEh@l,l sheentCYRIBA. PLMEH’IGMRUSOBEEGFIFKEO@FL@TV6 AML, NFEEH 2]

exampl d) RALS AR E oS FetsBpi By et oy Baals 8 T sl eperar aRs [ Cok. ©
transf eyveaviian YA PN SEXDIRA Gy TPR Pl asdRinthit etié 2| PRS, (/E@FRZ[ MASEAS,

antigen presenting cells. Once established (which can take 4-6 wks) donor
PBMCs diAd, ﬂ’mi%ﬁcwmmqimmmdzf@@ﬂdmedamtlmk der exeppéssi ng t he
i mmunodom nant pp65 antigen from CW. Mbnocytes in the PBMCs are

pr ef ereﬂ;l aéﬁﬁ’NfEi&Bﬁ?ﬁﬁ?ﬁ“ ﬁﬁﬁ\ﬁéﬂ ﬂh%ﬁk?{ﬂébr us-specific T cells which then
1onal “ roun

are expanded 1Tn ad mul ation using LCLs transduced with
t he sane vect on[O(Etﬂ] APCsphibesntidizedlin the2ﬁ®€q)tlonTﬂna§ bprfmasamm;ertmhﬁ agaifeblam ng

and expens production. of clinigc ade Ad v nd EBV vir .
In certP&P éﬂ?srﬂé‘ﬁiles%f’% PFRIdEH 3R RTCO a@ldﬁém&ﬁ@f avrpige %ﬁ@fl?@?ﬁz us-
speci fipg ﬁnanﬁﬁ:é Geidd) irf R&tkaih Saspéled! t@;[aﬁﬂ)tlésvﬁlchﬂeuﬁb&g £t \I?'Ptt%hn%ﬂ%lé‘:sByr

virus as sources of antigen for T cell stinulation. DNA plasm ds were
gener atMidteryic ddipagioular @mbadiniapesn shef petpmiﬁﬂrﬁ TCRAP.alfd 1 Ad12, f18r 14 Xl8npb.e)7, 18hese

can be S RSROSE A, br MUELEPECL) 95, 0 AP LASARCR, CAD, DR o

i nvent !f@IrbxahéF@e Y BHREOT D MW, dey/ el oped, a2y el, 1, 960CRlI8t ®, 2eNer,abe
mul tivirus L usi ngg pl asm ds or pepm xes as a source of antigen and, in

cert ai R3e#baddi Herl/s28.80nd, 3d e$3. Péneintdsamine acids in lsaghiddi ti on of the

cyt oki nes IL4 and IL7 to the cell culture nmediumin which the CTLs are
cul tureq; Qﬁiﬁ%m eful for maintaining the breadth of
react|V|ty |n ines, and culture in the G Rex bioreactor supports
maxi mal T cel | [%Sﬂdmslnmert@iﬁl ﬁlbcﬁi)iments of the inv¢BA3 me@bds g€ ter mtedt inventim

presence of. lL4 and IL7 recogniz rod re ert0| e .of peptides fromthe
P ar oot Tl Ses edd FBng! Tt DHFr oA TSRy il BF | GRS Vit y -

901484412&& ro%@%ﬁ@gfsé?’éfgr Ay%@ég{c@ﬂﬁ {fs.  An “anti-cancer” agent is capable of

BAYM PO . do not recogni ze normal cells froma potential reci pi ent
(FIG n@gatwvhuzsffecmrg cptm@d Ucedubjectt fkve ekaruplnt bbhlllan&wmpgme}ds,\ﬂmdursng plmtcfsua:
and do.not recof un| ect eglf ? ts of th ntdendgs@wbem#)

t her ef &} éa%“}%ﬁf’ &ty egr%‘? 8L ROSE o lﬁeae e &) "4 CPS}F Of HP{?EF

metastases, reducmg tumor size, inhibiting tumor growth, reducing the blood supply to a tumor

or cancer cells, promoting an immune response against cancer cells or a tumor, preventing or
inhibiting the progression of cancer, or increasing the lifespan of a subject with cancer. More
generally, these other compositions would be provided in a combined amount effective to kill or
inhibit proliferation of the cell. This process may involve contacting the cancer cells with the
expression construct and the agent(s) or multiple factor(s) at the same time. This may be
achieved by contacting the cell with a single composition or pharmacological formulation that
includes both agents, or by contacting the cell with two distinct compositions or formulations, at
the same time, wherein one composition includes the expression construct and the other includes

the second agent(s).
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[0074] For the exenplary plasmds for nultivirus-specific CTLs, one can
enploy multicistronic plasmds expressing (for exanple) 2 or 3 or nore
I Mmunogerwo 2gere8ssfirom t he target viruses Ad, EBV, and EGNW/USR@w/o¢ssaspl e) .
One exenpl ary Adenoviral construct (7970bp) conprises Hexon: | RES: Pent on

(2858bp Hexon and 1715bp Penton). One exenplary EBV constr
conpri ses EBNALAGALMP2: | RES: BZLF1 (1926bp EBNALA; 1493bp fﬁgﬁ&ggﬁaﬁﬁgq or

737bp BZLF1). (W052¢xerpharcyll Gidistarnssd thimhoth@aBshm) radmmi@e@eﬁﬁheﬁr%ts Pp65
(1471bp for IELlL and 1686bp for pp65). The bicistronic plasmds were
ef fi ci éROaProRten VinclipigalToncelqsy: @6‘? g@@ln%fr ST BRCSE Heseprcasiti tdndonayofe

for € Ofmbfbeveftﬂé'e?ﬁéd%? &y e%‘r%tez[(ddsfa'd?o‘i g?/ exarrngHt with &{et S&S?SPFGFS3

backbone as snal | possi opt mze onvot er,

such asxamfieMhp m@rmtts enn;(lsv&@nadlma hoesd (HS}@Ka ptriebwbtn delives¢dstodnaia tgens; byand

no honol O&X téaﬁ human genoni ¢ sqQne cas tead of an antibiotic
Y

. In e
R L S A S T IR e IR AR R
(1 evanwﬁrvals @ 4Sa0BY) I |/ the emsl;utdf@n?reée%t RRkndidh, Ras tektb@plalNahMIRIl therapy

Technol ogy Cor porati on). In certain enbodi nents of the
i nvent iconld thee 1(5@'@ strméarlys ia rﬁORIUEIﬁfeOIDf thbt ishapatherpeut@DE radjotberhpaytic] nosone

cases, .an expecte le.of .reactivated. cells a st the different
Car geot AARERELF QLR R, BB BoBE P BoBIRLRR cort O Sy S6BThing
restriqgém® [0077] 1E1 CD8 [0078] pp65 CD8 [0079] EBNAL

[0053] Alternatively, the present inventive therapy may precede or follow the other
agent treatment by intervals ranging from minutes to weeks. In embodiments where the other
agent and present invention are applied separately to the individual, one would generally ensure
that a significant period of time did not expire between the time of each delivery, such that the
agent and inventive therapy would still be able to exert an advantageously combined effect on
the cell. In such instances, it is contemplated that one may contact the cell with both modalities
within about 12-24 h of each other and, more preferably, within about 6-12 h of each other. In
some situations, it may be desirable to extend the time period for treatment significantly,
however, where several d (2, 3, 4, 5, 6 or 7) to several wk (1, 2, 3, 4, 5, 6, 7 or 8) lapse between

the respective administrations.

[0054] Various combinations may be employed, present invention is “A” and the

secondary agent, such as radio- or chemotherapy, is “B”:
[0055] A/B/A B/A/B B/B/A A/A/B A/B/B B/A/A A/B/B/B B/A/B/B
[0056] B/B/B/A  B/B/A/B  A/A/B/B  A/B/A/B  A/B/B/A  B/B/A/A
[0057] B/A/B/A B/A/A/B  A/A/A/B  B/A/A/JA  A/B/A/IA  A/A/B/A

[0058] It is expected that the treatment cycles would be repeated as necessary. It
also is contemplated that various standard therapies, as well as surgical intervention, may be

applied in combination with the inventive cell therapy.
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CD4 [0080] LMP2 CD4+CD8 [0081] BZLF1 CD8 [0082] Hexon CD4 [0083] Penton CD4

WO 2011/028531 PCT/US2010/046505

BAYM.P0016WO

A. Chemotherapy
[0059] Cancer therapies also include a variety of combination therapies with both
chemical and radiation based treatments. Combination chemotherapies include, for example,
abraxane, altretamine, docetaxel, herceptin, methotrexate, novantrone, zoladex, cisplatin
(CDDP), carboplatin, procarbazine, mechlorethamine, cyclophosphamide, camptothecin,
ifosfamide, melphalan, chlorambucil, busulfan, nitrosurea, dactinomycin, daunorubicin,
doxorubicin, bleomycin, plicomycin, mitomycin, etoposide (VP16), tamoxifen, raloxifene,
estrogen receptor binding agents, taxol, gemcitabien, navelbine, farnesyl-protein tansferase
inhibitors, transplatinum, 5-fluorouracil, vincristin, vinblastin and methotrexate, or any analog or

derivative variant of the foregoing.

B. Radiotherapy

[0060]  Other factors that cause DNA damage and have been used extensively
include what are commonly known as <y-rays, X-rays, and/or the directed delivery of
radioisotopes to tumor cells. Other forms of DNA damaging factors are also contemplated such
as microwaves and UV-irradiation. It is most likely that all of these factors effect a broad range
of damage on DNA, on the precursors of DNA, on the replication and repair of DNA, and on the
assembly and maintenance of chromosomes. Dosage ranges for X-rays range from daily doses
of 50 to 200 roentgens for prolonged periods of time (3 to 4 wk), to single doses of 2000 to 6000
roentgens. Dosage ranges for radioisotopes vary widely, and depend on the half-life of the

isotope, the strength and type of radiation emitted, and the uptake by the neoplastic cells.

[0061] The terms “contacted” and “exposed,” when applied to a cell, are used
herein to describe the process by which a therapeutic construct and a chemotherapeutic or
radiotherapeutic agent are delivered to a target cell or are placed in direct juxtaposition with the
target cell. To achieve cell killing or stasis, both agents are delivered to a cell in a combined

amount effective to kill the cell or prevent it from dividing.

C. Immunotherapy

[0062] Immunotherapeutics, generally, rely on the use of immune effector cells and
molecules to target and destroy cancer cells. The immune effector may be, for example, an
antibody specific for some marker on the surface of a tumor cell. The antibody alone may serve

as an effector of therapy or it may recruit other cells to actually effect cell killing. The antibody
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90148443.1 WD 2011/028531PCT/ US2010/ 046505 BAYM PO016W) [ 0084]
Regardi ng cytokines, FIG 6, IL4 and/or |IL7 enhanced the frequency of

Vi rus-reawoi2oa/2883lts in at | east certain cultures. FlI G PZTAIS0N9/046505

optim zation of the seeding density of DCs:PBMCs for the initial

stinmulation and showed that a ratio of at least 1:20 was r
opti mal activation. [0085] FIG 18 shows the res&?)#gwg?o@ﬁ‘% cal

r CTL gabermdy lscopjeaedus @ dricdiudking ciamdthgrhgeutionadivand glepficiam edhorni of
a system.of the inventiaon, for exanple the follow ng 1) .DC nucl gof ecti on;
2) EBV/[OCAPCII}S Qi F§§rﬁné§ew8)meé91fy&§ priwregiing 15e8h herﬂtaveﬁ he gffectordpay

expansiyan, i Hﬂ)ﬁj&ﬁé iC ?i(Hg 9) sulfercd Eﬂb?{] alé @8¢ inkdradel Célthgl’ dﬁréctl‘ysorﬁﬁ \Mbﬂ&h% gtahe

i nventors pro uce " CIL wt racteristics sim ose” produced
usi ng ttieocativargei. oviaious effectontellbunclide @ytdtozict]i anls ahd Nikecdlisme. These cel |'s
shoul d be safe in vivo and associated with m ninmal all oreacti vi ty as

assessed by chrgm,um rel ease assa It| Vi rus
e gener at | ofIURALC) dEPEEBMETD R LSS oo BEH bRy A SERe SN T he
art, iRehjudétg, Wil thexgeRing dehemémpxa( The RUEEEOLESHAMN f&Y & BBHMEd tﬁé}?y is

| nVi trogen(r) nucl eof ecti on system Ml tivirus L can al so be rapi

gener atdesgussgd pelowi feerprdlywihertuipepedlivagstdhsantonrgmarker that ijameaphlp g@ewgg%mgby

| |
ant | gend o Shsen Y RE inkorl bhob G MR kR R ph AR/ S may
MAGE- 4 be RiRfdE: fornglgbiifrgBBGhd corlbdelf t@”ﬁrb@ﬁﬂ&v@%ﬁtﬁﬁﬁ@(ﬁﬂmby trestkanikas md‘lﬁdldee,

for exanple, Survivin, W1, Proteinase 3, and PRAME. In certain
embodi 1FBIFNOEMPRYON| ANtdseain tRre sHEFLEE ANNEFH dRENasyY PRINT assagkitech antigegn fetal

over | aRRAGh LBGALY @57Penid desa. HONIAMRLG) hsMhDERdcs (o paspt he

benefit o arti A’restricti MPLE 1 NERATI AND DNA
NUCL E%E@geﬁ]ﬁe@tdﬁﬂhﬁﬁliﬂ' r€ce ok, le® BARIGTES.STI MULATI ON

D. Genes

[0064] In yet another embodiment, the secondary treatment is a gene therapy in
which a therapeutic polynucleotide is administered before, after, or at the same time as the
present invention clinical embodiments. A variety of expression products are encompassed
within the invention, including inducers of cellular proliferation, inhibitors of cellular

proliferation, or regulators of programmed cell death.

E. Surgery

[0065] Approximately 60% of persons with cancer will undergo surgery of some
type, which includes preventative, diagnostic or staging, curative and palliative surgery.
Curative surgery is a cancer treatment that may be used in conjunction with other therapies, such
as the treatment of the present invention, chemotherapy, radiotherapy, hormonal therapy, gene

therapy, immunotherapy and/or alternative therapies.

[0066] Curative surgery includes resection in which all or part of cancerous tissue
is physically removed, excised, and/or destroyed. Tumor resection refers to physical removal of
at least part of a tumor. In addition to tumor resection, treatment by surgery includes laser
surgery, cryosurgery, electrosurgery, and miscopically controlled surgery (Mohs’ surgery). It is
further contemplated that the present invention may be used in conjunction with removal of

superficial cancers, precancers, or incidental amounts of normal tissue.
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[0088] Dendritic cells are the nost powerful antigen-presenting cells known.
Stimulation of peripheral blood (PB) T cells with mature dendritic cells
(DC) exprwosntig28ssti gen, can | ead to reactivation of anPCEars2&100¢65H3 c
cytotoxic T | ynphocytes (CTL). DC can be differentiated from adherent PB
nononucl ear cells (PBMC) by culture in GWCSF and I1L-4. 90

2011/ 028531PCT/ US2010/ 046505 BREREPbo1WO
BAYM PO016WD Ape06I¢n( Epore @rcibien iaitpaccdifcaidof ¢dnoerids s, fisleeof @eidrom cuvityh
DNA pl asm ds and the DCs can then be matured hy culture in a, cytokine
cockt aifaycfoamad iy the body- | Disatmeqedray bengrepaplished  byopgfusipny RirsCtdRISRFIEOT an
exenpl q i Vi fofq; e L itd C
ol 15 e A A e e aur e B &
The speepeated, fon cxmnplai avesnbddBnet, 6, om) dgenpravesy hépar 4,mind Sdweeds opherall,

bl ood fr atient o nor. (or previously frozen PB . .Infectious djsease
Cesti ng ey nbve idelp: pEradrsidi o e FedhuybBarRpiod cuns eopesns well

[ 0090] Preparation of PBMCs fromfresh blood is perforned (if using
cryopreserved fl ootiil,e gr oceed as described below). Dilute heparinized
peripheral bl obd QMEEa#eNYS 6ont) in an equal vol ume of D-PBS or RPM 1640 at

anbi ent (room [¢eyBPer ftiyBntemplated@aibtheeiehtsl MEE bk Wh&I inCadBfiHAtlon VMR khay
approxi mately 10ml Lynphoprep with approximately 20 m of diluted bl ood.

Adj ust pagsepfe@enrtanyta onpove ithe therdpene eliicicy ath| tecatradits . Tigsatadditipgel agen00 x
G for [{'Ochg%nmnqs oar‘ltlocfle a L ent e}lt% & %tt it e%?\(}?e 1:1)’ T llatrig gﬂ g‘eﬁlrr%r%lg:i u%t orand

store AT 8o FVEST PEBMECT Rt ¥ ace i it o an e%u%ﬁ Vol Une ot P B RPM
1640. GeatGAP y@etishs, 45tskatic dnardifreniidtitheszeats, aiibiend of edpedialivhe or Agdty at e
supernat ant. Loosen pellet by "finger-flicking" and resuspend in 20nl of

D- PBS d&hat Rpgreasg4che Reghsieityn1of1 tBe dapgrarolifgrativen 19¢6llsoftos @PPPIEC c dfduceisi s

o o ol AL R A RETRE STty ok R R BRI .
Cel | Genti xnDGtmediytokiper, FAXK. aafl dthez eprokael syal@nd o oMIP-1, RAIP-D&t,nMAR ] on,
D e O LA kb R ud o g 5 badbreeig e
al | avaidealheoPBMr- lidaRa¢ GichugerRY FQQigkné: HRE op DFTP’TR%IEtwcﬁﬂT@[?@@Btiate the
tenperature. Resuspend cells in 2 nLs™per plate to be seeded. Transfer to

370 5%apggRolincndaing abiditidswol houpseseis adhere DE @tabtighmentsof Rnnadoamsle| sr
three times w 10 s of .D-PBS or, RP conbj ni t he super nat ant.s

bont i weETdstigeh RyderStIEraRe e Mok gnieme et e B hEAAalRe thg | o,
add 2 mufbef of2GAPUfuhtichs Rslilg McEERE MNAMDh fBTo ik dtS e Refect¥ ondthe hbigftb 800
units per m of CSF per well. Return flasks/ plate(s) to 37C, 5%

i ncubathgperpraliferativeeadhirapuiitipn c liy offeeeabadsaentaorytestitisras s fferentiasiopageig can
Cryopr g4l f gn go%bi}clé{}olﬁr\git}lf' f prrgsse&)lp pn%%rrltio-lr_l t%%lrnlp%vegtgé' Aa'lgtdf—fi:;/ér]proliferative efficacy
of the treatments. Inhibitors of cell adhesion are contemplated to improve the efficacy of the
present invention. Examples of cell adhesion inhibitors are focal adhesion kinase (FAKs)
inhibitors and Lovastatin. It is further contemplated that other agents that increase the sensitivity
of a hyperproliferative cell to apoptosis, such as the antibody c225, could be used in combination

with the present invention to improve the treatment efficacy.

[0069] Hormonal therapy may also be used in conjunction with the present
invention or in combination with any other cancer therapy previously described. The use of
hormones may be employed in the treatment of certain cancers such as breast, prostate, ovarian,
or cervical cancer to lower the level or block the effects of certain hormones such as testosterone
or estrogen. This treatment is often used in combination with at least one other cancer therapy as

a treatment option or to reduce the risk of metastases.
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WO 2011/ 028531PCT/ US2010/ 046505 BAYM P0016WD [0092] Immature DC
are fed. On day 3 or 4, replenish IL-4 to 1000 units per mM and GWCSF to
800 uni t swpep1w28s3ibke up Cel | Geni x nedi um cont ai ni ng 20XTHERGEM4EE0 | L- 4
and add 100 !'IL per well. [O093] At maturation of DC, harvest immture DC on

day 5 or 6 by gentle resuspension (by now there should onl S
adhering to the flask). To renove renaini ng adherent cell s)h‘ggyﬁgbﬁgﬁg

col d D-PBS f or [é(m0] oxiDisiBemythiltransfeiae dnitibgentdny/dr dessme dehcatythse dnbibherswi t h
i mmat ure DC, Performcell count using hemacytoneter. Count only |arge

dend | EEMRETY PNRe SRR e Cat HPIRIO GIPEIC: fer PRUTRIFI SRS Ut At |
al | auOliebitleyRehe WEbeta Qb afhibifbiRhosyP5 AL Royid Witk SiCAn| BoWRALEddndINERERPIR) | S-

Add 1 ture nmedi um containing the cytokine maturation coc
[ 0094] HIYAGKnmbEomahclGnieinoxaic anids,0005 s GMhOSESD ALIcydid @OgBptitles G1E00s

|U/LET16 1([)881;917 1 T]N,:_a%%‘l ]'tge r(‘i%{)sq})egti%gsg;%enzpz%d%sl; flzlé:g{o%ﬂ{colgegtogtles;l Iﬁﬁ(il- %il'eo alri] /art111c a[cPdl 00]

compounds such as phenylbutyrate and valproic acid.

VI. EXAMPLES
[0071] The following examples are presented in order to more fully illustrate the
preferred embodiments of the invention. They should in no way, however, be construed as

limiting the broad scope of the invention.

A. MULTIVIRUS-SPECIFIC CTLS

[0072] FIG. 3 provides a conventional approach for generating virus-specific (for
example) CTL for adoptive transfer. Donor-derived B cells were first transformed in EBV-
transformed lymphoblastoid cell lines (LCL) to use as antigen presenting cells. Once established
(which can take 4-6 wks) donor PBMC:s are transduced with an adenoviral vector expressing the
immunodominant pp65 antigen from CMV. Monocytes in the PBMCs are preferentially
transduced and stimulate virus-specific T cells which then are expanded in additional rounds of
stimulation using LCLs transduced with the same vector as APCs (Leen et al., 2006). This
process is time consuming and expensive (for production of clinical grade Ad vector and EBV
virus). In certain embodiments of the invention, there is generation of multivirus-specific CTL
(FIG. 4) that is an alternative to using Ad vector and EBV virus as sources of antigen for T cell
stimulation. DNA plasmids were generated encoding viral antigens from EBV, CMV and Ad
(for example). These can be expressed in APCs by nucleofection, and then the APCs can be
pooled and used to stimulate T cells (Gerdemann et al., 2009). In the present invention, the
inventors have now developed a novel protocol to generate multivirus CTL using plasmids or
pepmixes as a source of antigen and, in certain embodiments, other refinements such as the
addition of the cytokines IL4 and IL7 to the cell culture medium in which the CTLs are cultured.
Such embodiments are useful for maintaining the breadth of reactivity in the CTL lines, and

culture in the G-Rex bioreactor supports maximal T cell expansion (FIG. 5).

[0073] CTL generated in the presence of IL4 and IL7 recognize a broad repertoire

of peptides from the target antigens/viruses (FIGS. 9, 10, 11) and have minimal alloreactivity -
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[0101] Incubate DCs for 20-28 h in 37C, 5% CQ2 incubator. Harvest
24h-mature DC after 20-28 h by gentle resuspension with a 3ml transfer

pi pette. Wworbouversssel | count using hemacytoneter. Count @®qyUsk@ogessdendritic
cells. For nucleofection of dendritic cells, pre-warm4 m of Cell Genix
nmedia in a 6 well plate in a 37C/ 5% CO2 i ncubator. Divide

dendritic cells in 3 (Tube 1-3) 15mlL centrifugation tubes. *@&@@Pﬁﬁ’mwo
nunber /iteube nsheudghifohorel lcel\YEfroﬁlhapot@nt‘,ﬁal xdEpiean@1G1 ghie ThuhalTR pidbced in
Centrifuge DCs for 10m n at 200 pirate supernatant and add DNA pl asm ds
to DC ped Iaengion arer highly E&Fﬁcsé’ﬁflgléﬁ“érﬁ%fm%&ec%?l%Héln fostrd elA i s rintgnsieec

| El - pp@éc n]%lgntta‘ﬁg%érefo%jglo%d? ln?cﬁl% raq‘{r\% @sg%%ﬁGﬁﬁ-}f)]a %?u{fﬁ'sk?@n 2 and add
DNA pl as NTC Hexon-Penton to tube 3. Resuspend DCs ‘and DNA with 1001,t1

of nucl eof ection solution, mx well an_d transf'e_r to th_e nucl eof ecti on
cuvettes. Pl acé0QMd cbmehe esemplagoil48dids fdr mVDVEO&S.p@ﬁ&S@IBCﬁnUSZ@EOmﬁS%

BAYM POO oV t t | f t h U2 d st t
ol cofRttt OBy PSRt dfor SABERS oo KPR MR iBisPedi aines frasmi®s of

add 50Qariet Jirés ADERV andle B fdetliampl. Uih@eﬁé%ﬁltaﬁﬁAaé}ﬁ)virﬁpdbﬁfs@ﬁctf(WObp)
cuvette to a 37C/ 5% CO2 i ncubat or. ter 10 m nutes transfer nucl eof ected

A
DCs to CamPQIS%eHCX‘PIi RfeikPenipr (R85 §bpe Blesen pindt &713he Bedon. ©nel e’éﬁmﬂm}’cEBtVur e

nmedi um con t.he cyt ok g %%cg i) @2%0%]@% E
Concont B 10101 el t S EOBLTAC D YDA Db 1 52PP Fobh| ShRoER 1D
ng/ M [[O4BH]anBEsr 1i7b 'IQZIUlﬂ-l) @ dxehlptald 3NV @A EtHuct m@i)p)l den@pkR6s 1Y MRES:
[0109] Incubate for 12-18 at 37C in 5% CQ2 i ncubator.
pp65 (1471bp for 1IE1 and 1686bp for pp65). The bicistronic plasmids were efficient at
activating T cells. For generation of the plasmids, one or more of the following characteristics
would be useful, in certain aspects: backbone as small as possible (2.8-3kbp, for example);
optimized promoter, such as a CMV promoter (SV40 enhancer); no antibiotic resistance gene;
and no homology to human genomic DNA. In some cases, instead of an antibiotic resistance

gene, the plasmid comprises bacterial selection via sucrose (levansucrase (SacB) is a conditional

lethal in bacteria) (Nature Technology Corporation).

[0075] In certain embodiments of the invention, the CTL line is a mixture of both
CD4+ and CD8+ T cells. In some cases, an expected profile of reactivated cells against the

different target antigens is as follows:

[0076] Antigen Predominant T cell restriction
[0077] IEl CDS8

[0078] pp65 CD8

[0079] EBNAI CDh4

[0080] LMP2 CD4+CDS8

[0081] BZLF1 CD8

[0082] Hexon CD4

[0083] Penton CD4
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[0110] DCs are harvested and irradiated for use as APCs. Harvest and count.
Irradiate DC for use as APCs with 30 Gy. Wash once with 10 m of medi um
Resuspenaweat2op/@sssitx 105 per ni with CTL cul ture nedi umPCDUTSa01O/0meSOs r eady
for use as stinulators for PBMCs or CTLs. EXAMPLE 2 GENERATI ON OF

ANTI GEN- SPECI FI C CYTOTOXI C T- LYMPHOCYTES (CTLS) USI NG PLA%WECT ED
DENDRI TI C CELLS [0111] The present exanple concerns ] y
manuf act uri ng @A0SaENt | ReparpRCtoliney RIGO%) T4 ymfItiolyr eshanddd theiamentir ef may
be used . to prepare cells for protocols that use plasm d nuc| eof ected DCs as
ant i geYIBFEHYS FYIsdRIAf kastcqrtaiaquiiyes c EX@s/ shses eptignipfiangd e tasdingdensity

pl asm dg rRACHE G BE rﬁhitﬁﬁ%ﬂﬁﬁﬁﬁ@ﬁ' and BlowddERa PR Saio N 165t 1:2;) was required
dGALMP2- | RES- BZLF1, for exanple. 90148443.1 WO 2011/ 028531PCT U820107 046505
BAYM POOd@pMnal activation. [ 0112] Antigen-specific cytotoxic T cell lines
(CTLs) can be generated by stinulation of peripheral blood nononucl ear

cells (PBMO) w ut us anti gen-pr nti | 1s (APC) expressi t he
antigen from al ?pl Igllgﬁlqg.ﬁ?w&tﬂ}ﬁ%@sﬁ%egfcﬁ 1 Eﬂ%ﬁtg%erété‘m Offﬁ%)“f H]C#%gng

certai Iﬂmﬂﬁﬁl@fébﬁ@@ﬁ@t@&f dh@nbsi @Bkt I sy@@ﬂﬁcﬁfi the enveplids fér &aRpleihe f&?&ﬁpgh at
can be efficiently nucl eofected and are used to generate virus-specific T

cel I s flp i pueleefaetion; 2) FEY .t @MY . enbodgridatngids: p}) eytakinenyddieet et Hedlldeddrli ti ¢
cells n f econ 2quent [ t : e C re
ot s B P RS 06 SHBAON PN LS L RUWRR Rl Lipet
speci f ipeoduoe AThewahtch@ao®riticsisith@irastthdsevodictd anidg p6SonvARKEAY brdiscol but
anti gens and EBV antifqens). Cytokines (IL-4 and IL-7) are added_ at the
first dtiandipgiionopl the time. " Thesgcely sheydrbensafed pévq phdratocktsbyithapin@alised
fromt Lent., [ : ient PBMC. Infectious disease
testi ngﬁ%%gét!)\g@pagrag%?%g?&vﬁﬂt |1¥1mf7lre a;%é;as%)%fépendi ng on specific protocol) of
bl ood collection. Plasm d nucl eofected dendritic cells (DC) are prepared
fromthe pati eb@086] damoapid multivirus r(JIDIdesrafne, meleotatiog et RCs heayfdcnal by
expanded T cell nunbers required. Sufficient cells are required for tient
obes di vegiol meng U T diiEis: e xpheRobe “Emptie) hcikrititiuien of the
predi ctigditdReRd | RikRbEcANE syieh hevtuRRsHS iConakafase beahpidd) beweded b p‘ﬁi%ﬁ%gal n
enbodi ments, one allows for the chance that the patient ‘may be enrolled on
a hi gh&Cdosl pepybkest panniag phe taget mtigeshouby deybatmgalBMIGsndicrstly Geith khe
medi um.to ensure they do not present fetal calf serumantigens, in

particul af cases. Linitiation is perfornmed in the presence of FCS.

[ 0115] Preparation of nononucl ear "responder"” cells fromfresh blood is
performed (for [00877en Mbddthntiges O&revdd bhillyuighohepantlode edr peiampbes8k?2,
bl ood (for exanple, 60ml) in an equal volume of D-PBS or RPM_ 1640, at
anmbi entPUYEEnMAGke PRAME. and N Y- Mede! pntigsge cxripised 0% Lerkamips igBideay

appr oxiggRL &lnys1d Ot Ly TPRERT beté%{:s}% ?}%ﬁ%@?ﬁg' Yn %Qﬁtéﬂl ¢ boq.hhé’%tgthlv&gf?)%
Adj ust as necpessary to utilize all the available cells. Centrifluge at 400 x
G for 46tiginnyues iatludesbd BepMbe mhechatsumenveSapenglikraty of pgitassreonéianme $5and
store at -80C, Harvest PBMC.interface i an equal volunme of D PBS or RPM
1640. @eﬁthPth{fﬁéa@thaﬁélﬁe?F“éﬁ?%ﬁl rt’rﬁgﬁlf?tr}g A&FSUP% tenperature. Aspirate

supernatant. Loosen pellet by "finger-flicking" and resuspend in 20nl of
D-PBS or RPM 1640. Renove 20111 ogxeevipsE Add 20111 of 50%red cell lysis
buf fer and count using a hemacytoneter. |f appropriate, one can then

proceed to PBMC stinulation by dendritic cells in plates or bioreactors.
GENERATION AND DNA NUCLEOFECTION OF DENDRITIC CELLS FOR CTL

STIMULATION

[0088] Dendritic cells are the most powerful antigen-presenting cells known.
Stimulation of peripheral blood (PB) T cells with mature dendritic cells (DC) expressing antigen,
can lead to reactivation of antigen-specific cytotoxic T lymphocytes (CTL). DC can be
differentiated from adherent PB mononuclear cells (PBMC) by culture in GM-CSF and IL-4.
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90148443.1 WD 2011/ 028531PCT/ US2010/ 046505 BAYM P0016W) [0116]
Preparation of responder cells frompreviously frozen PBMCs or non-adherent
nononucl eso 208/d2853may be perforned, if necessary. Thaw €€TIUS2@0/085C dil ute
in 10 nL of warm nmediumper 1 nL of frozen cells. Cells are counted.

[0117] In appropriate situations, one can proceed to PBMC si| }
dendritic cells, for exanple in plates or in bioreactors. 3‘%\%?&%@"[‘2@
PBMCs atnti$flsx c4a bointfoditdlings Déls byoowaldofequioh aiti ©N AReimuedssargeths dd@ntarand
resuspend at 2 x 106 cells per nL in CIL nedia + |IL4 (10000 nl - fina I
concentthedt heghytugeq by quituye mgmﬂiﬂne qockigi! ceptawig HdBi By TNAG gudPGE-#L o

cells per well of a 24 well and return plate to incubator or aliquot 5 to

Corain prepar el Phonid hoerasP: tad ot pFaghae Aot FL Mplinoamtor,
t i mes. nkelsofepémgldaniritig eellpne s entrppgernt ebdsredt fo KitOgentatidn xf Hpafe) Teedllss/ m

for a 1 or. 201 ratio of PBMC to DC. Aliguot. | M DCs MC wel | s,
7.5 niL 10F SBREMER (R CRitp @H@’PSFH%HI&MOWBH?% Raginiggd rI?E“PIGE‘iﬂ tﬁ?%f gpmapasent, 5%

CQ2 i n RidonbOlor prg@¥§sl %ZQ@YJBZ\/ICj Iﬁf@@c’id%sacﬁéaea@%%%gﬁg aelyl Sy e&)ekn gﬁfft)ﬂﬁéﬂ a

one-hal f medi a change.” Renove - 1 medi um per well "and replace wth -
1 nL ofwifmegdaGf bieai eolleetiayt oki nes. On Day 7: If there are >3x106
cells/well split andfeed CTL; transfer - 1 nL of CTL to new well; feed

PR Al v oo o o IR A S

cyt oki rRegopréderveaplodd, bfocéélﬁiﬁde@ﬁﬂaeﬂ%@ﬁ Dehte hepatindi J&ﬁ@)hé}ﬁl bloaagildesllyl S
CTL to new bi oreactor and reﬁl enish both with fresh nmedia + cytoki nes.

Cul t ur &0mb} ingncequpbylime of [tBPBS orffMELp4H) atambipstdprascteppeiaghe. Whap0 ml
suf i cighting tkﬁ Pé&%ﬁn E&r1Q rB?ﬁElmttéip{Bm E? }ég rgﬁgltgh%foghﬁge@%[(% be:

Wt hi n one reezing oXI Cli up with
5 x 10@iluted1ddd. Aeljss asam:besﬁagntmtmmzegllsth@mhﬂlable cdnmeCmﬁtth@mt 4ddixtG @asteAO 2 X

106 cells according to specific protocol requirenen
cert ai AIBHEH A FERD! ($RRCTAYY. s?aﬁfay* ﬁa]vgﬂtm%mf-aoﬁlll t%@ﬂ% AoFaet &9 ét Hc"lgves

certai pENPAiefRAL firo 1) eaﬁ'zflfdo@drﬁé‘t)f BIbp S Wrigsn 1640, 'd”éanth%@ aPiSd 9‘2{. pgLient

at the appropriate dose l'evel (determned at that tinme)
requi r ementes ; at ambi¥ kérhparmgreofAspaaiepivpatnafabid locast pelitt tgo“ﬂngarﬁllcklng and

20117 03985PE T A6 2610 KBSGY AT PBD1 B9 ESERL 3 AT 2 e mic

CTL Foﬁﬁsyﬁfpgggw&%hgngu@emgﬁgm OF EBV, CW AND ADENO VI RUS | NFECTI ON
POST ALLOGENEI C STEM CEL

[0091] For preparation of previously frozen PBMCs, thaw cells at 37°C, dilute in
10 mL of warm CellGenix DC medium per 1 mL of frozen cells, and count. For DC initiation,
proceed as follows. Calculate the number of 35 mm wells of a 6 well plate(s) seeded at ~10 x
10° PBMC per plate (range 7 to 14 x 10% to use all available PBMC. Centrifuge at 400 x G for 5
minutes at ambient temperature. Resuspend cells in 2 mLs per plate to be seeded. Transfer to
37°C/5% CO, incubator for two hours to adhere DC precursors. Rinse wells three times with 10
mls of D-PBS or RPMI, combining the supernatants containing the PBMC non-adherent fraction.
To the remaining adherent cells, add 2 mls of DC culture medium containing 1000 units per ml
of IL-4 and 800 units per ml of GM-CSF per well. Return flasks/ plate(s) to 37°C, 5% CO,
incubator. If not previously cryopreserved, non-adherent cells may be cryopreserved for future

use responder T cells.
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TRANSPLANT [0119] One can use the nethodol ogy of the present exanple to
generate a nultivirus-specific T cell product that also targets any
conbi nat w0 20f1/02833uses, not just those illustrated herePAT/USRO10MHESHS N
enbodi mrents of the invention, there are rapidly generated donor-derived
mul tivirus-specific CIL |lines that have antiviral activit I

exenpl ary vi Irouses: EBV, CW and adenovirus. However, the W@?M?ﬁ@@@g
may be direct e@0092qi nBimitue, DChureésd. f Onrday f3i orel, r&plenisisHv-@éne 160Q bhits pérnel
ten, or nore viruses. In addition to EBV, CW and/or adenovirus as a

t ar get And MR (300 pRitypeant eMake aprselGrnex Blediwg sonpinian 24X Gik-CShisind
I nfl uergg,..Qr i, Af a, for exanple (see FIG 19). [0120] The
presengﬁgxgﬁpﬁdgqggggréeg%ﬁan exenpl ary phase 1/11 study to evaluate the
safety and toxicity of donor-derived rapidly generated nulti-virus-specific
cytotoxic T | ypg93¢yt eAt (ua@Gihsdn iofi [PAL hantss iaimaturs KDOT ordewel5opt 6gbClebhtle

adenovi rus or. EBY infection fter allogeneic stemcell transplapt. First,
a phas&°TSRf3§Ene $abe  brieoTan P%lyglPFpFl gdtly af_@tﬂfrlagstos@ﬂfe%ﬁbm GEpove
exenpl akaihnbladRaft IeNe!l Riqandnidelreddr 'T?—PBISedeBa?gpr%%Et@iye'i ahfdtdoRe Igé&{{f}D)

| evel . Dose-Iimting toxicity 1s defined as developnent "of Gade I1[F-1

GVHD wir¢sduspend 2andagasntone Mdth gnmaere3DE. iPeffosn aal reebat edngdvensgometent £ ount any
organ systemthat .can be attrib to, rCELs but .i t pre-existing. and
ot dudhBo e GHEG Fsndnregticyitor ~ it ip BiaflFenf Gafiimindciato
adm ni Sif1abeioWell BAGKDYS QNthlate. Add sterll® haldr tRemagslt wEIK, i Pfmiast DeViul@le
imunity by donor-derived CTLs is useful for preventing and treating

i nf ect ineaAsisumicentaioing thepxtoking madernten easktatlost - t ranspl ant (Leen et al .,

2006) . However, the broader inplenmentation of T cell imunotherapy using
conventi onal prmgg ol§ I imted by (i) the c ion (i1) the
conpl exity of [.[)ro Ec%@?—%mting scalabiIity,(ﬁl]ia@(npﬁr(&q ) time required

for CTL production, which not only contributes to cost and conplexity but
al so precl udes [95¢nIGNrE%HE nent of seriously il800pahi ents, unless CTLs have
been prepared specul atively, and well in advance. 90148443.1 WO

2011/ 028531PCT/ 10/ 046505 BAYM P0016WD [0122] Provided herein
is arapid prol[@%ﬁ) 3@?4 t he generation of 1980 5¥™ler i ved mul ti vi rus- specific
CTLs (rCTL) for infusion to allogeneic hematopoietic stemcell transplant
(HSCT) recipi epg@7@t TNl of devel opi ng inpegihon, such as CW, adenovirus
or EBV infections or with early infection. In specific enbodinents, there
is adm nistering of rapidly generated donor-derived multivirus-specific
CTLs to nedi at ¢0098]i WGEall activity in HSCT ugwipi ents at risk of devel oping
or with active viral reactivation or infection. [0123]Patients may receive
the cells as pr | axi,s, and/ or treatnent .for early infection follow ng any
type of all ogeﬁ@ﬁyt igr@pl ant. If patient slfoéllgémfecei ving steroids for
treatment of graft-versus-host disease (GvHD) or for other reasons, dosage
must be tapere@100] <@L/ kg Predni sone (apo@guwhval ent). Patients may not
have received ATG or Canpath or other i mmunosuppressive nonocl onal

anti bodies in the ﬁ)revi Qus 28 days, in.certain aspects of the invention.

[0101] Tncubate DCs for 20-28 h in 37°C, 5% CO, incubator. Harvest 24h-mature
DC after 20-28 h by gentle resuspension with a 3ml transfer pipette. Perform cell count using
hemacytometer. Count only large dendritic cells. For nucleofection of dendritic cells, pre-warm
4 ml of Cell Genix media in a 6 well plate in a 37°C/5% CO, incubator. Divide harvested
dendritic cells in 3 (Tube 1-3) 15ml centrifugation tubes. DC cell number/tube should not be
lower than 0.5 x10° and higher than 2x10°, Centrifuge DCs for 10min at 200g. Aspirate
supernatant and add DNA plasmids to DC pellet in a final concentration of Sug/tube. Add DNA
plasmid NTC IE1-pp65 to tube 1, add DNA plasmid NTC E1dGALMP2-BZLF1 to tube 2 and
add DNA plasmid NTC Hexon-Penton to tube 3. Resuspend DCs and DNA with 100ul of

nucleofection solution, mix well and transfer to the nucleofection cuvettes. Place the cuvettes in

90148443.1
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[0124] 1 n certain enbodi nents of the invention, patients receive between
5x106 and 5 x 107 rCTL/n2 in a single infusion on the dose escal ation

saf ety phaeeonfo2sise study and 5 x 107 rCTL/ n2 for the fipkedSdassis®Bhase | |
ef fi cacy conmponent. If they have a partial response (as defined) or receive
t herapy post-infusion that could ablate the infused T cell

eligible to receive up to 2 additional doses, for exanple. Sff%g%m@@omy
be fol lowedNiyedleRoqrAbYsSgE0@hmI2 ahd btaadhanetleadyctivaws Bedidgsthe sast buewar ded
at the intervals defined 0125] In the present exanp it

. [ le, it is
det er ni‘HEd Nastoffstiop epmsdigiedy add L0 PT s Rreaarmer dediyy o the cuaiiead BB ar y
Vi 1 usesh ERVe W 2dcpieray) gn\:'ﬁbat(g)@t ARBE 50 BRuBAKEn PO RlcofRES BLs WS 12
foll owi ng characteristics: 1 prior allogenelc hematopoletic stem cell
t r ansplveehlt tisssé ngltwet ttiiveted pdate andadd . Soml BBEC, c@lfurkamaundrs kophiaanmisk thesaytoleneof >
50; 3) ANC greater .than 50041L; 4) Bilirubin <2x, AST <3x, Serum creatinine
<2x uppEtuR Wi“focgfaﬂnor mal , Hgb >8.0; 6) Pulse oximetry of > 90% on room
air; 7) Negative pregnancy test (if femal e of childbearing potential); and
8) Avail abl e tyoto2)r S@geci fic cytotoxi c Flndl yopbaeyties. [0126] 1 n an
exenpl ary clinical protocol, a primry endpoint For Phase 1 conponent
enconpasses safety including acute GvHD by day 42 and infusion-rel ated
adver se events[%‘%’ﬂ]om\é{ﬁ%l ogi cal adversd08YEnks within 30 days of the
| ast CTL infusion. An exenplary primary endpoint for Phase Il conponent
i ncl udes saf et ti viral responses. y secondary Endpoints for
bot h phases inz?%gsqgfélf ects of rCTL on vﬁpgw{%gds in 90148443.1 WO
2011/ 028531PCT/ US2010/ 046505
BAYM PO016W) p#di0sht SN#-tth i nf ecti on; recdfsigiuti on of antiviral immunity
at 1, 2, 4, 6 and 8 weeks and 3 nonths; and/or viral reactivations within 3

nonths. Viral Ipnfection Post Transplant [Q127]During the period of imune
recovery after t §58rétic stemcell trd Ant ati on (HSCT) viral
i nfections, which are normally controlled by T-cell inmunity, are an

i nportant causgy@f) M higdi ty and nortalitygnkig degree of risk for
infection is dict aged by the degree of tissue msmatch between donor and
reci pient, and the resultant degree of i mmunosuppression, and by the imune
status of the dOM81. IR$acti vation of | atedfOwgmmises such as cytonegal ovirus
(CW) and Epstein-Ban virus (EBV), for exanple, is common and often causes
synptomati c di i@ﬁﬁj} I&%%Q@erot% Kia¥ gwin%ép%cgsin% goovi rus, influenza, and
respiratory syncyttal Virus r( {f/? of exanple;’ arse Y equently cause
infection. Antiviral pharnmacol ogic agents are only effective agai nst sone
of these virus¢st10] heiDCuse haveast ind arndidtal ssaseiatLRCwW Harssgand icoant
toxicities and_ the outgrowm h of drug-resistant nutants. As delay in
r ecover{fagreRE forwsasifth(e wigh OIGr %Yﬁlﬁhm%e MaSpOhaEof meding, Reyuspertpti 2pled
Wt h V'1%31'05 gaat Wit N cﬁﬁﬁe%@%ﬁﬁ.%?ﬁré%?eaﬁ?%ﬁﬂ%%s s?rﬁ{:llawr@for PBMCs or
i mmunot herapy to restore viral-specific imunity is usetul to target three
exenpl &'KLsconmon viruses; CW, EBV and adenovirus. CW [0128]
Cytonegal ovirus (CW) is a | atent beta-herpesvirus that usually causes an
asynptomatic infection in i mnocom@,ﬁd '£di viduals. It persists in
approxi mately 70% of heal t hy adul t gp icates in epithelial cells,
fi broblasts and nonocytes. Reactivation of CW in the stemcell recipient
can resWENERASTION O ANTIGENISPEMFACCYPOROXIQ T- WYMPHOOYJEHS (CTLS)
mani f est ati ons i ncl udi nlg interstitial pneunonitis astroenteritis, fevers,
hepatitis, encephMSINGPEASMID NEGLEOFESAd ) DENQRITIGEEHLS el | - nedi at ed
immunity is considered the nost inportant factor in controlling CW
i nfection and pegi.f | S84 ! i.m .rol e
1 ;line]gigtﬂrgse%'ﬁ cartcihs eXémﬁlgﬁbs’%lgﬁquétﬂﬂng‘?fe%;{clﬂ[%i@{i/ gﬁéﬁﬁé

in immune prot h primary infection a sequent I ons.
The nosytotexegugnpiiocytes.edllds pyscetlare papdeyhsadtto cproparpreesnivn petdchisr dipty usr e
ganciclovir. and foscarpet. These drugs have been successf in reducin
e R R R R Sy e G P
in conmbi;inabih@Ridiehtbdify HRYGNAYSS-PETHASEILIRIPYL b5, VB YES ALRAINIRIAV 871 F1,

significant side effects including neutropenia and nephrotoxocity.
for example.
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Epstein-Barr Virus 90148443.1 WD 2011/ 028531PCT/ US2010/ 046505 BAYM P0016W)
[0129] Epstein-Barr virus (EBV) is a ganma-herpesvirus that infects nore

t han 95%w0 2028831l d' s popul ation. Primary infection ugaaluspolpieciotes a
mld self-limting disease, which is followed by latent infection in B
cells and productive replication in B cells and nucosal epi i e
are at least four types of viral latency: type 1, expressi ﬁf%MW%@ I rus
nucl ear anti gep01l2{ EBNAkiget ypeifds cgoopsx@s Sl rgll i lined d@ Tisp reah obeERdAkated Hey

| at ent nmenbrane proteins, LMP1 and LMP2: and type 3, expressing all the
seven ISYPWREEN of PsEphgralblppd manaauqlers cgHs ﬁ%BMﬁﬁ Wit BHE RS AT HAMIECEBREASINAS al

ant i gensy{ A’M::Qe R iR GHd e AP HDNA BidsHE eriiey RBE 2f eHRRGHe LR (WAl
snmal | RNAsz(an I%%ERglﬁgre %ﬁ%ﬁgan%y explr”besssed as we Ia as etransccrlépts( fr)’om
t he Bamikcerfain egibodingehtst dfethe imeahtigre doandritiBARTsare Ipotenh & PCsuthithcah yppeefidiently

| atency, found in the majority of circulati. cells of healthy .
|t vi eSO Pid dre AT et FesH v e et o661 o ARARHoSGRpTSHTs e
host's, cAHbb@mAMd) RhsrBdGRlclcdfRIdAr aSRiri@ JoiRecah IRt 8RAY forbHcehd ad'resdys&iﬂeﬁt
susceptible to virus-specific T cells, my lead to the devel opnent of

post - t stimgpsitians. Updphibp coltite eoaditives enplesied oprro®ing Tieell bnesr siould emitaerice
of PTLD after.HSCT is |l ess than 19% e_ingi ce is increased |

Feci pi S SRl o i aufRPr oh ek MY B w n e eRRab B SRS ipd B
reci pi entigen?f. SytORMEEIILSt Addom- Dyrirehddead tie fhvominmll/l800CYt e- ant i gen

(HLA) - m smat ched donors who receive grafts that are selectively depl eted of

T cells to prevent graft-versus-host disease (GVHD) (Curtis et al.,  1999;
Cohen et al ., YOJ?] BHeprainssed reripheral blopdayay be used from ey pasient-, Pesyaeysly

nmol ecul n : I ]

a1t houoh RS P AR ETERRE PR Bk i RRRAEE RARHET BRE: (¥pithe on
repl i capéorfic pyed@]) Ghblvot hetlegioni Plasanidhycledfeeted iderdratindcalss@ul )aire repardil
significant toxicity. One option for prophylaxis and treatnent of PTLD
after HOEThePapeRtKHIRRY: a nonocl onal anti body against the B cel |

phenotypi ¢ anti gen, CD20. Response rates to rituxi mab between 55% and 100%
have been repof¢rd)i nodé frﬁa?"@ﬂ‘ﬁula’i@'iﬂeeﬁneﬁ Bkpairie@ et ndthbers 2Q08ed Kouhibles: et
al ., 2000; Conoli et al., 2007). However, not all patients respond and
rituxi gells depreuited fappatiant Bosesland Qotesting acqaohding & theratisnt’ subedshsugtane beea,
probl enat . ¢ | atj ent | atian t is alnea i nos [ e .
Adenovipriidied Qoft RAte Gl DRI AR Bhset SpEHIGREL b TEUTRCHRRSERERG: o
HUMans aflb®s Sa1IBEpidanbE that thel pafiemtrhgrbanrblidllorS£hi@hy®se tdvebdianexpdctes, DCs
form ng six distinct species (Ato F), which differ in their tissue.

speci f iSBPulg bameeparadin é%@@enm mediugHo s8thre (Reyidermot preasgntvetalisdkserya @pbgintus es
may per.si sk Y, at-hs: af- |1t J e and therefore are
frequeﬁ?k%lglfélrg{r?dg%nu% etmelg'?tle 1|E§tér£5t glitftrﬂlg: SB %ﬁ?bﬁﬁé%onor or recipient.
While acute infection is rarely fatal in 90148443.1 WO

2011/ 028531 PCT[0133]) 1 Ph€p46B@5 of mononuclear "responder” cells from fresh blood is performed

BAYM POQ16W) healthy aduylts, 1.t is a significant cau of norbidity and
oor el 0 Heer mitsin Lo Bl s iy BB werip Rtk e § sy o B gD M
pneundRyRal VHEIBE bhBOPES QY PN $640M8PMEbibhS(ro6B) tdnperathi@Pahi 4 5¢ m1aRduifuge

encephalitis. Adenovirus has a particularly high i'ncidence after pediatric
HSCT ( My saisfullyl overlag GproxBestelyal Omlebymplkopiery &vithrapproxtimate] o 2@ amlagfodilugdd

ST SRR Sl R 4

si gni f ia€ anibient dehgyradrd. NSHRCE R enhisp@imaatighad abaselrétae d3ONOHaBREt PBMC
hapl oi denti cal transplant who receive intensive innunosugpression such as

Canpat hntenigeerigtogan egual vopgpg pf DIIRRS apBPMIléadehentjifugsed 480 s¢o faurl Odnigutss at
treat [ ' Vial . but soc| L OX . Gk j»> ' .
concer TouRdEPRHEE  pbpint Subl i Rs L0 REE SeDERY, Rl Phcdlne ) SR,

t he ef Dogey DoPBS BEREMIQ 646, RRERKE a0 ofANNIA 20N BO%Ned aglylysisttaffer and
Virus-specific CTLs 0132] Since recovery of virus-specific T

cel | s icqupt| Wiy § hgmsextpaess W EPPIBPId’tRCcecoPRTf hempromeed to SR M tsHmadationdty

t hese v [ 'y ., 2005; Cwynarski et al., 2001; GCottschal k
et aI.%eéﬁggﬁxggggﬁgééggﬁﬁﬂﬁ%vﬁ%rapy to decrease the tinme to i mmune
reconstitution is an attractive approach. Virus-specific T cells generated
by repeated stimulation with antigen presenting cells expressing viral
antigens have been evaluated in clinical trials to prevent and treat viral
i nf ect barsin i munoconprom sed hosts (Leen et al., 2006; Leen et al.,
2009; heslop et al., 2009; Walter et aR9, 1995; Pegs et al., 2003). This
approach elimnates alloreactive T cells.



[0133] There are several considerations in devel oping protocols for
generating virus-specific CILs ex vivo. Know edge of the i nmunodom nant
ant i gens wbhavivnsisee protective T cells specific for th@CTASQENOEd605rus i s
required and a delivery systemto transfer the antigen to effective
antigen-presenting cells (APCs) nust be identified. The APq} ﬁ% ﬁ@unvo
aut ol ogous, express mmjor histoconpatibility conplex (MHC) a g
presenting rel ¢VE6] ViPragaratésn GEdespepdeir cbells mmkﬁmm;omz&n l?BIMaﬂ:Qby non-
nol ecul es sufficient to induce T cell activation and expansi

r eagentSNAFt meuelsansells may Dsinerfpgpedeimesssiaiyackhari 54 aw}ﬁ thllhi‘tﬁﬂlt %0 e
use of 4 ggﬁm ﬁﬁ?% t | Therapy for CW [0134] The
first st va ua?|n9§%ﬂ5 cfie %26%%§F§3%?§%§ferred T cells could
reconstitute anti-viral |nnun|ty targeted CW. In this study, CW-specific
T-cel |l clones W@g] dén ap@dpifite mtitiohs, mge dampioseealf to B MCistioudatioo ywehdritic

S(LJIEL% 8 5 {%&%’a%% az 6%%%%%1 1orea<r:]tors Cegn r%félllgéér}l? P%I\MQ at 400 x G for 5 minutes at

BAYM PQQérﬁwnﬁéMﬂuFeerR@ho@é supe8) and REHSNERE2 ROIAQYEY 5& L ieclis. abdia +
CW-specific 1 nmune responses were reconstituted, wth none of the patients

devel opLhéI @0l sdisboerenization ek il bHCsE mint ngpgnestiaupLy Adiddodb ol G,
oesy micaltd Per 8 Bt €24 Syall el Blac 6 B AR SER SR STHE. 0 915 x 10)
responses, ndi Ca I ng e necessar ng-term

per si stP@MGs ih A GEAL(I diofeae s end rl:tmnanoﬁﬂwbatpf Op)”bydlﬂ.)prépaﬁddUﬁM:smiaeggﬁeo@éct@i
generated CW-specific CD4+ and CD8+ T cells stinul ation of perlgﬁeral

bl ood %HW@% witB 1306y (apgwaphed 4 Hm&énBF'i“tSP?!ld(?élPE%n pisPading welnat
ant i gens e(gd)e&llg n?r@gg 33?% foP (Z?Clt Faﬂoh}f b"a)ng bf‘xﬂgﬁ(ﬁsfmlcﬁbls 11130”15331(/1@995

et aI., Smal Ls were e to reconstitute inmmunity wth
consi deveﬂallsj @ 1.5 mli vioDEX pato Hiowaadr z(ﬁmésinenedmm t&CB0snl. TCuhweiad 3’(7 ‘Kémﬁ;% @b,

| CW du T | t st d t d CTL
i th debaitPr d dear T SpBREda IR She Ik SUAGal ProeBl poprrlen iy cBuetved
from t hentbUEgRl qvhEdismRRER PR Riphct Mikl ¢thvBF f8shet TRImedidRQ Oy tokYNHs! €

this approach al so appeared effective, a concern is the restricte
speci f i@ Dyy ofIf tthﬁee aefisad @ﬂﬁ/swelbpht@ldtfaqtcg@{angaIaf@~nbtneL i Tlopenavayechi | ow

escape .v ts t ud atl 0 e HL

rive. R VRS Alggs R Gl SBedbit Y b BR OB Bl bR ke 00 el in

t her ap&idregcadd ﬁémloae el ﬁﬂ:’ﬂﬁa :wdtﬂa @Mﬂllmﬁe&&ghqnedlaatcﬁ@én@er@n $32§d: Of there
recurred despite prol onged ant|V|raI nmedi cation (Einsele et al., 2002). The

resul t ranep@x1n celly dybisscagtor Krasslspr Sed k- &F ngw rhagrepciercand, epiesishi hptls vith 7
subj ec I r anti [ has
t he ad&%ﬁ 3%@50 &&QQX (%n§“§§%agﬁgﬁﬁﬂﬁ£%reggoﬁﬁi @%?ak%yﬁﬁa%gmﬂﬁgdg @bl e
f or Phas#ficidnk cslllyﬂa\e:sbekmc(ﬂmaﬁed)fcrydjﬁesremkamlf cHandoggize agell§.r OMithinvenevivedksof n

t he Iysate 0136] The CTL therapi es described above all 7enI)I oyed net hods of
T cel | f5PoaasiiloncYRRKIGEGEIWE sg?léqiaﬁ@%tdlppwrthédslgf aetQ'\estls aid Bhrpotyping

eXpa”S'sHGhlﬁ Be AR th lad Gl b dé'ctalhseécc\%cﬁ & sg&hhl: gfdl&éi 1@&%%
support ese requirements reduce the pract Ity

i mmunot herapy since CTL |ines nust be nade Iong i n advance of d| sease and
few centers hal@18he Ihaeitin einbodionenits tireastls ustyurage thedollowthof dwaracteristi¢sy pe - of

cel | rocessi A rec re I|n cal .trial S|n

Cel ot OB ekttt b Sttt P S ol b pbon e i Seat B HEr sty
avoi dedioRofelelqYet¥inYiBe € ¥NBMSIHE) a@aq‘oﬂ élVQO&%ﬁlﬁlren@éh‘té gae1r@@/o kiNigd @M@Ehlplent PHA
exclusively CD8+ T cells were infused the%/ expanded by several logs after

i nf usi @&ﬁstsatéarh(ifgallpafm&)i o1 2% D SaekPD cﬁbtﬁgmusectn @i DC).2005) . This
approach, however, is inpeded by the limted availability of tetramers for
unconmon HLA types and a lack of class Il tetramers. T Cell Therapy for EBV
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90148443.1 WO 2011/ 028531PCT/ US2010/ 046505 BAYM PO016WD [0137]
The outgrow ng EBV-infected B cells of PTLD have the sanme phenotype and
viral antwgeniigegidessi on as the EBV-transfornmed | ynphoblPaStuseelomedshs | i nes
(LCLs) generated by infecting peripheral blood B cells with a | aboratory
strain of EBV. As LCLs can be readily prepared from any do

been used as APCs in clinical studies evaluating EBV specif Y@'?@“{@?ﬁl i
et al., 2007; Rooney et al., 1995; ERoOOMPY.E=3 al ., 1998; Heslop et al.

1996; Custafsoon et al., 2000). EBV-specifi c CTLs generated using thi s

ol s, oRR L AERRP SRR ETROR Pk ROPIRIF R MRrE¥f al et

transf er regvESNIe REGH ABENONIRIKTSFECTION POSH A LESUEREYEMTHEMO®@ANd up
to 2-4 logs after infusion, and reduce the high virus load that is observed

in about 20% of patients (Heslop dIRANSPLADIO; Rooney et al., 1995; Hesl op
et al., 1996). In a recent review of three studies targeting high-risk

i | f 101 d EBV
Dt a0 uoj13D. | "BRE 48 B fidhSot) Sy G by BRYPAEL® Bhergee a

act i ve niltidrat spebi€ict T well Produdt dsit Ao EaREr aietdiBidai@iVos pﬁ‘ﬁﬂefsl BotGlikt thoses
i nduced remission in 11 (Heslop et al., 2009), while in one of the

non- r edihetgtedshergigndn C@"Iit%ll]seHH)&élfﬁlfélt%?%HletlﬁéeﬂtWﬁuﬂ’@H‘oW Aapiflyeginesyirds doner-
EBNA3 t t
o e BN pAHAEE FL e B8, bR A B ALLE G s eI P ol P

post t IE%TS,F(EMM ar(dCalendvinst RdweveR Ay muBirdiva f{CHomed balirgct@DOEhinst Tw&eahiee,

Therapy for Adenovi rus. [ 0138] Feuchti nger et al treat ed pati erELCl\sé[ vvit
adenovit?Ws TV 8t SBYPuSIghy TFR-+Cangr C1B% YhkFbyilR (eld dieactor FB VT (dM %n or

i sol at gdefdam tab% afgaprth@queﬂ Rap hser&ueuadva binQk Sid BMhALd 8P Y16, adeneyyr us
viral antigen foll d by selection of m*gralnterferon secretlng cells’
(Feuchtlnﬂwqmrza@EPatamﬂm%for@mIple (mmHé} d9bf adenovirus-specific donor T
cells were infused into nine children with system' c adenovirus infecti on

K Evhr oAbl o THON e RGeS il 2 B e et PUSRB R Db S

and cl %@ffeé}ﬂ%doioydlcﬂf Gifi @bndrFRUGEd | AGRIy edendlated Zﬁuﬁlﬁ)v1ruM¢b&dlﬂ¢ r ehdotORRCITf i €
T Cells 0139] The strategi es described above each target only one

vi rus. lymspicyted éi-Tlte Hsp%tt,qnfﬁ dirsly opflewdlopine CAY. adenewruseritdty infections afthi ee

t t t
oact | JIRa<ByiA T GRAENR, Tl AT oS5 PUREDT b0 LRKERESIS sparey | ¢
t ransduyafed; f foar axé¢mplarybiCEDN tokdienely iandldeteaaine rthe raRihg tbleetddlibsa M BN

pp65. 90148443 1 WD 2011/028531PCT/ US2010/ 046505
level. Dose-limiting toxicity is defined as development of Grade III-IV GVHD within 42 days or

NCI grade 3-5 infusion-related adverse events in any organ system that can be attributed to
rCTLs but is not pre-existing and not due to the underlying malignancy or relapse within 30 days

of CTL administration.

Background

[0121] Reconstitution of anti-viral immunity by donor-derived CTLs is useful for
preventing and treating infections with CMV, EBV and adenovirus post-transplant (Leen et al.,
2006). However, the broader implementation of T cell immunotherapy using conventional
protocols is limited by (i) the cost of production (ii) the complexity of production limiting
scalability, and (iii) the time required for CTL production, which not only contributes to cost and
complexity but also precludes urgent treatment of seriously ill patients, unless CTLs have been

prepared speculatively, and well in advance.
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BAYM PO016W) Subsequent stinulations with EBV-LCL transduced with the sane
vector both reactivated EBVspecific T cells and mai ntai ned the expansi on of
t he acti wsbed11izdessovi rus and CW-specific T cells. 1 Thi Crashad/osehs abl y
produced CTLs with cytotoxic function specific for all three viruses, which
were infused into 14 stemcell recipients in a Phase | pro ' :
There was recovery of inmunity to CW and EBV in all pati e%%&gﬁkﬁgﬁéww
increase in adeekR2ir uPrsyided heeinliscelrdpd wastoesll fipr siee Berienatjpat 6&&@r%ﬁvé&d
evi dence of adenovirus infection pre-infusion (Leen et al 06) .

f ol | ow et ¥ryayperificyih Teh (CHA) Pk itfariey to allagrasis omalorgigtis ?tFIEl epllctéfmselawas

| nCreasfdirh ddifehQhHAGE ogéw%lcﬁ{@fh‘f&%oﬁ' flichat (5Ubdhovklis: BRgNhEBbANG
the inportance o end ogenous en to pronote thé expansion of infused T
cells ion W/lthlcar(}LHéﬂ:twh aln. spe@(ﬁ@&)mbd\daualts htbkesis , adalihisteahg extrapidly goketnted
clinic als with pre-infu denovi rus .or ecti.on or

enct | SapPeieEs SRy BT g T B BEONIre ) Feeh I TR S Tk
sever eo@demaﬁlﬁgabr PIEHEMRI Bral RALHVAGRE oY &féddoat ory support (Leen et al.

2006) . CTLs recogni zing multiple antigens can therefore produce clini cal |y
rel evant effects against all three viruses. Limtations of current CTL
gener ation prol®kSsls Patlents may] B¢} the c¢lys sropyoplylawiatandiestreaest ifgrcarly

t ransf r a 0 i
S S B e L R
sust ai nedtnhangf tgeifmasui; ﬁdaedﬁedsl:s(GMﬂu)Jelefdmdﬂudfraéasb@sgldesztge&ﬁusttﬂai tapagptoach

has a paotentially outstandi ng pharmaco-econom ¢ profile. Unfortunately
wi der a9p1erke iPERinione (R F@&VfH?nté Fatiepls gy mophays Ef‘chhVFii dhl GwAT @Hn}Péﬁ]uPrr es
the ini l; r i
(EBV- L& %e? 1mPﬁ{ﬁU£1ﬁ%}éé£ S’f’:;ﬁif‘ Oéﬁ agﬁ%l %gfsb%?lﬁ mfﬂfylf@ ﬂ@g% %elﬁ gg}é%ﬂ&va?? &js of
vect or she inventidnhe conpl exity of CTL productl on, whi ch neceSS| tates
generation and genetic nodification of APCs for weekl y CTL sti mul at i on,
repeat f eedi ng pen cul ture systens | tiple.skil

calTor " Cher cnyOtadnr c in e Lts FRBRHRG o e infop heiefserer o PGP o 18
pr OdUCtah@'S x 10 rEre/ft 10 Gn¥B @kSsibRbn itk ddsdlescagitioh ahfenpiate EBMe lsfald§ aHH'Stx be
added the additional 4 to 8 week CTL activation and expansi on Perl od
requi r 68’ 1GTLmmE renths fixed dqseabeq@cli/ eﬁfcaemwrgecmegpéf:threvélave g @hrtial gasponse (as
oo fagh bR oL P Bl PR, ik S5 SRR PR bt
pat i entr&ceivenpe®s? &ddiGokd\desdIeft eRABPRI Bdilﬁ@muhﬁy lbwbuowetndy ‘BEZH arlalyses of
advance. Rapl d ener ation of multivirus-specific CIL CGeneration of
nul ti vivitakloagarqd may have Gyl Prigomoruecsrded iyt hedneredy dedined DCs as APCs
90148443.1 WD 2011/ 028531PCT/ US2010/ 046505 BAYM P0O016W) [0141] To
produce rmul ti vi CT, i I o]
Fepl ace bot h an Aibopley e SR AT e iR T ERF o RDRRE <
(EBV spegvify againsegirearetdmiDg pivasnERY, CMV agd adel®vimub.t iPpm@ltwmaalhaafnbncgems

These DNA pl.a d1 can ?‘F i nt.roduced i.nto_the nucl eus of., APCs uch

Tonocy £e Gt BROTSRR ¢ AHEEF T oLl PYOREPRS-BSIETTUEAMER SScTEPBEL | on
syst emusr‘ﬂéte@ﬂhelt B@f&ﬁﬁfr@wmr%é@vﬁ Kﬁﬁl@ﬁﬁQ&@ﬁSl@XQBFeS@ o0k 3) AN %Ye%@er%éd"
good target cell viability during the period of T cell activation

( Ger der?binLetd) @Ilhrubmo@i) APT =¥ deruar eeafoning f2eoppes dignit ﬂbmm@blfﬂ@?&@e@) and

i nt egr ~Pgor e transfec ceI enone. Jrade .can
oo raprtrs ety SF SCo Bt LR S5 afebfine PERTEY € g DLfRPE e
excel | @Menh@l’)‘@hnﬂ@)ﬂ%v&ﬂﬂﬂb kit }us-SpHdEd dydtb e Tolymiphasd«ls reduces the cost of
manuf acture by nore than 50% by reducing the tine of CTL manufacture and

t he extent of |nnunogen testing, since the cost of plasmd testing is about
one tenth that [BF26hdendiiausxsraplpny Cltnes%lu W@tOCPblmqrrmﬁémnépalat iR Tase 1

protec mh% n l,

DNAs ctggkﬁge&glgsgd gﬁgg aﬁ?ﬁ@%ﬁ@% ?ﬁr}{%lgﬁ)’}sdg LF? oﬁv{\ilgﬁlb?aﬁe@ qﬁcel | s
di rect ederagajrmmnhéuﬂutoﬂt@mm aalneks@ew’em:s wmlmd 3® d@M/bf Ehe dmd GZ'DLGM(ﬁsmmGSAaT e
protectlvefn Vi, vo}g n.et_al 2009: Leen et Ug]ﬁ %1%008 aiEl_ eC|f|c
T cel | $XARPAPAPHERN: SRYROIMHERY Fhasto {h cApReneh/nefugiss i apfiyiyal respohses.
PP65- SR8EIpl &y Te&fldhs ’Eﬁ&;ﬂﬁ‘ﬁts eyt PhAES eb1GRY | efectther f@ﬂi Wi Gifal AbadVh
proteins for each virus in the imunogen increases the nunber of potenti al
target epitopes and hence the probability that T cells will be reactivated
irrespective of the HLA type of the T cell donors. Once adm ni stered,

pol yepitipe: specific CTLs are less likely to fail as a consequence of

i mmune escape by epitope nutation in iB2ected cells. For EBV, EBNAL is an

i mmunodom nant CD4+ T cell target antigen expressed in all EBV-associated
mal i gnanci es and in nor rral EBV-| nf ect ed B cel I S, LNP2 | S [ rrrrunogenl C across

S o, —— R [ ———




[0143] The inventors and others have denonstrated that virus-specific CTL
can efficiently and rapidly be expanded in the presence of enhancing

cyt oki neswDLRoA/28Bmg/ nll) and 1L-4 (1, 000U/ m). These cyPOKiUSe&L0/0¢H0E e
activation induced cell death of antigen-specific T cells that
correspondi ngly hel ps increase the frequency and repertoir (g
antigen-specific T cells conpared to T cells fromthe saneq%g%Péﬁﬁgﬁﬁgbp
gener atpaderit$ witheinddrsieng ecofistieytionkof entivadl 48443itd aND, 2, 4, 6 and 8 weeks and 3
2011/ 028531PCT/ US2010/ 046505 |

BAYM PORPRERA 2r{P HEH reachratihaivtithiph3 s1onfliese cyt okines to our cul tures
produces CTL lines with negligible alloreactivity, even after a single

sti mul afii-ANnfebRYa PosUPRIRPRALI N9 our CTL cultures with these cytokines,

whi ch are avail able as clinical grade reagents, reduces the cost of

manuf act ure by [88GY, blpudngithe giiag af henmanee respvayLaftes Meetensictic gemeeadt i on
of multivirus specifi£ CIL .using an,optimzed cultur Vi-Ce . . .

[os4a) "SRRI B0 R A Ol SR ed BY e imponiy, are

t r adi t iagR@boittars Sese O Ini drbRlith naa hedtalidy, Wk ldeplealoe sisk Yrtihfewgskisictated by the
restimulation, This systemis extrenely |abor_ intensive, highly skilled and
di ffi cegregookdipsee EFERtahh dehYeeaedPniuppd r Ecipien -afd| fhepreguiant, dggics eQf
Frequen . o . . o PO
R e e s R

i nf ect iagrytasnegnloeires (PMASemid EpssdinfBarr airds (HRV Y Her emositiplskis |cdoegndn sisleften
culture technicijan, sjnce no antibiaqtics a%e used. .Unfortunately, efforts
to dat &% §&‘E§Pﬁa&€é{@eﬁ%¢- CHRIEHOTY SHEISEH U DASAISBRIDY: WNIERATs 204, SisPUptary

wi del y s%&ial Rird RS VY YfBF%x%pl%! hRbo@d uEﬁ’tU c&&élstineEti%SAﬁtﬁKﬁra@%%ﬁnﬁaﬁeblo%

The resul tant CTL product has been either "nonfunctional or non-specific.

[ 0145] agérds arevanhy effsctiveiaghinet someent thess wpewer disiruse aprobtlygndns ioncidedivat

(G Rex).that dramatically reduc cel | .apopt osi urj .culture, . .

Fooul t Risg AR g e b TR R of s DRt BhB AL e R G bESSiaf i oo
out) OGE&EHiSc AEIMAHSiNAmMERS rddBbRRaABI Beadllyl 46601288 FATADRalateadRRAIBASAd Qfischft€in
flask, preventing hypoxia while allowi ng a greater depth of medi um above

t he celthese pptieid. ¢eihgamprraunniheriphtosesnrs \dial-gpacifes Werswritpis adefat o tarpgedece
culture i.tion | | ow. t ell:cell interactions essential for
CTL prSéchﬁrﬁ“%%%%$8%$§&‘ﬁﬁéﬁﬁﬁﬁ%g?ﬁaE%Qbeysica| di sruptions, reducing
technician tinme >10 fold, increasing cell output by >3 fold, and

accel erati ng COMWanufacturing time >2 fold wi thout affecting the phenotype
or function of the CTLs (Vera et al., 2010). [0146] Overall, by conbi ni ng

t hese three no rocedures we w |l be | e to produce | arge quantities of
mul ti virus CTLY@@Ei ofmmagﬁaw&&%l\@‘é%&aﬁgﬂn&b?tﬁ%ea)eéwm (ot feyses an
pr oceduykfinptdiHabd iNfetdordAIRhLERopelRAUREyiGRL. Tt GORRkEN ippréthaldyTB0% of
associated with traditional CTL protocols. Design of Certain Enbodi nents of

t he | nnealthyorlu@e ad@epBcdtes in epithelial cells, fibroblasts and monocytes. Reactivation of CMV

in the stem cell recipient can result in significant morbidity and mortality, with clinical
manifestations including interstitial pneumonitis, gastroenteritis, fevers, hepatitis, encephalitis
and retinitis (Boeckh ef al., 2003). Cell-mediated immunity is considered the most important
factor in controlling CMYV infection and CMV-specific CD4+ and CD8+ lymphocytes play an
important role in immune protection both primary infection and subsequent reactivations. The
most frequently used drugs for prophylactic or preemptive therapy are ganciclovir and foscarnet.
These drugs have been successful in reducing mortality associated with CMV disease and in
preventing early CMV disease in combination with intravenous immune globulin. However, both

have significant side effects including neutropenia and nephrotoxocity.

Epstein-Barr Virus
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WD 2011/ 028531PCT/ US2010/ 046505 BAYM P0O016W) [0147] In certain
aspects of the invention, the feasibility, safety and efficacy of rapidly
gener at edwoOroum/msssispeci fic lines (rCILs) in HSCT pati eRC3/US2010/0$450Df

devel opi ng EBVY, CW or adenovirus infections or with early reactivations is
evaluated. Primary Objective and Rationale for Study Desig 48]
The primary purpose of the study is to assess the safety o;h%XMﬁf’%{‘%&ﬁlmg
rCTLs in transpoEs] pa&psteintBaratviris SKBY) iEB\GamGiMVherpesvarde maw iinfests inndre ¢haron
or with _early reactivation or .infection. W have elected to use 4 different
dose | evél of SEareichgPeRuiafios. Xrirge imieqtisnetualy aroduceyz, mad selihimiipg ket enal
dose ofyipcKs ]fgﬂox{/gl%ffaf@lt ingdti%nri?@ A %Jh'(ﬁ Eﬂ)d%ﬁ\%%pl@hﬁ%h QB ARl M{I&QX]h
were safe at doses up to 108 cells/kg (Leen et al., 2006). However as the
manuf acpuhndlmgn. Mbtieade holgyst ias tiyms nf nodi lhicedl: tyfeel, iernpresding enly thesone noakeais
start at .a | ose of 5 x 106 cells/n? in is study. In certain cases,
there Putidkint nEBNEND P2 3B TEnd? “HUEES ' KON GE R erePerpras ot vc: s
that haywgppaRaLME. ah@BRRMS expkiels ANMARSEh Rien™MNAsdotRidVSoRiMahcIhitas ARY
that may affect the persistence or function of the infused CTL.

[ 0149] ParnivandemninantEBNAS wial antigesaf BoyngsindRickineone PP blnethess! typesi afdatangy

type ofyal| aoench Gk anselanied . Seslre CTks a3, broBOY|@YL5Of 9loneaHd ¥
reactivations™as definhéed heéereln, incltudi ) or €eXa e: 15 earl’y treatment

may be BhineA k€pi6d bOthb vaaPainbeid! B ARITE Ninahs fou@they S ofiThitlehd R f@unidh @6 ingjosity
(patients with mul ti1pl e infections wth one reactivation and one controlled
i nf ect io6rrisealpting B selly@édealtly indiyidpalal ng tvatal KRNA exprespichesan o dgfestedy In

t aperin i t e ) 2 ' : . '

or oanangypeShi ShiRdIR P BReIRD df P ol SR PRAETY Oy icBRIEHN o
have raaekptiltle ata eduisagedifit eMsicélls, coadi tdadntanghe edéveipend) ofprpost-transplant
nmyeol oabl ati ve or non-nyel gabl ative all ogenei ¢ hemat opoi etic stem cel|l

t r anspll ¥RPRAREPIHEradve AisPABARELRar M50 verllgBrifgite Al ThDottT St¥nh tdf15dhaf 1 %i n
12 m)anIH§ thedhciRERRMYiRXE el 3F r&ﬁﬁibﬁ@t\ﬁ_thaan ﬁh@éﬂ&@{gl %mos?sdgfnﬁﬁ){ﬂlﬁﬁ&ieﬂ&eﬁ%v

infection; 6) early treatnent of reactivation ction which 1s defined
f or speod fiorcreetpizmth ofeviers cebs frieachnreiatadsoradsintallewleatyeeanti@iy (INAg-mokmatebedal . |

2001; Lj un n etal., 200 015 antigenena i.s nonitored_at | east
ookt y B B e ARy SR SN RSO i 4T e Bt s

Wi th <Hheh@UENaYDERCRAS LAY €999;fCABY Pt BT, BlaMabiaRs « Mot | genem a (wi th
>10 | eukocytes positive) or clinical evidence of CW infection (defined as

t he denonstration of CW by biopsy specinmen fromvisceral sites (by culture
or histology) &t0&r Beve seellarelequleaiugs hpve pansffecs oarkiselds already wantfounad

%2?—'/ 8%&‘%}%}5@%% 1[5?}363)%@828&18.%@9, l%gelégrﬂ:llléo\;lir,\/& inhibit the viral replicative cycle.

BAYM P@httdkhelrapyu o gdrolyubifersivad rld ssociatedi atitadsighi@ichstntoxidi|y OmecCeptien Edits

for antigenem a or elevated PCR without visceral infection. . )
prophylaxis and treatment of PTLD after HSCT is rituximab, a monoclonal antibody against the
B cell phenotypic antigen, CD20. Response rates to rituximab between 55% and 100% have been
reported in different series (Brunstein et al., 2006; Keuhnle et al., 2000; Comoli et al., 2007).
However, not all patients respond and rituximab depletes normal B-cells for more than 6 months,

which can be problematic in a patient population that is already immunosuppressed.
Adenovirus

[0131] Adenovirus is a non-enveloped lytic DNA virus. Humans are susceptible to
infection with 51 serotypes of adenovirus, forming six distinct species (A to F), which differ in
their tissue specificity and virulence. Although acutely infecting viruses, adenoviruses may
persist for many months after resolution of disease and therefore are frequently carried

undetected into the transplant by donor or recipient. While acute infection is rarely fatal in
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Adenovi r us [ 0151] Adenovirus infection is defined as the presence
of adenoviral positivity as detected by PCR or culture from ONE site such

as stool wo2bl1gass3er uri ne or nasopharynx. Adenovirus diPSEASR1094cHes | ned as
the presence of adenoviral positivity as detected by culture fromnore than

two sites such as stool or blood or urine or nasopharynx. | ' o]
neet the criteria for disease, G dofvir may be added unl essﬁéﬁygﬁﬁﬁé@ﬁq
coul d medilthyohdurlat ¢t ishh Sigdfdiint dusset of APbidiey @xt cinbitalitPahi i@hsnorempragiedd/ e
CTLs for elevated PCR in blood or stool. EBV [0152] EBV-LPD is defined. .
accor diltfVidgalse b AYhegu i§ePinddodusey BagHaiia. cherprrhagsn syytitiss 5PBYEN £BSLPD
defi ne o] b - ] el
%Q%“% ?‘E‘ﬁ )é?cféhhﬁ{tfé. AR fio TRV %Egeﬁﬁﬁ%‘?ﬁ?ﬁ g?g}?@@%ﬁ&g&% . M uRNAS\EY

associ at I cal synptons es on
i magi ngMybust emirk, hRS).bi Sqysyal aepdrisr kaei drownPdhi elebsined oh aBBVOVIDNA infection is

reactivation only may.recgei ve CILs on .stud tients wth ven or

b ababiiaroes pid! SRELia & 5Pt veoke (Ll (Reenesict 05 epdet abor
the desipgm ar®Nb&veryPal sRRlfRal®y d3fiy8X GhUdeihiend) oPahdtERHIS uhRREIV UBSLrAfd  OF
Canpat h or ot her i miunosuppressive cell nonocl onal antibodies within 28

days ofhaglordeati¢ah grapeplard vl tepeime intet)siygaiiremosuppredsiont sveh aghaowpatholMesds er

| nfect| ?”E(&df Oy PR EAL Al n i MLEH 4,00 0r BRLE LR BLR lgl%of}g‘%reib‘él B9 gl il ive
therapf“an ﬁave no s gns of progressing 1 n SRIEh 1% oF hour s prior o
enr ol | meptirotok@ityf Wngalajdrndonedrn0nel Pathe &bk prBspec @€ ithdignided, i ddintroN&l
system ¢ anti-fungal therapy and have no signs of progressing infection for
1 week tiglp.ghe efbicagy ofi thegie:is presgiassi ng i nfection is defined as henpdynanic
instability attributable to sepsis or new synptons, worsening physi cal

signs or radi oo € LhHlRBtaBl WiftPViraklBedifie CALGCL i on. (persisting fever
wi t hout other signs or synptons I'T not be i1nterpreted as progressing
infection.); 3) patients who have received donor |ynphocyte infusion (DLI)

within 28 days]0R] pdtine@nesoweiy bf dotsispecific (it ellSiHDeghaasesciftbd With Hteaiedr ve

and uncontrol |l ed rel aps f_mal i.gnhan nors 90148443. VWO .

3011/ 03885 | BeS s o 68 SB BB GlespEer e at. 2005: Cuymiseiost il G001

al | ogenjtGchdik 8 a/H2BH0FpAdPEde AhmThSiRBLE NS dE@EAL @k @he YD TBIRALE McofiRMiGE! |
transpl ants nmay be evaluated, including with the follow ng: conplete

hi st or ys amdttyshyed epproashaMimatspesitic TBE]ls gerarated tby repratddestionulptégn with antigen

El ectrolytes. BUN, cr LNnin I e ot al . protei .al i t ot al

oi 1 v bt S rea PR g Ean el 45 ke Ay BEELR Qi@ L o AR ana
el ect r eRhoviesiisfettidnsiin dindRiheehm prbinised habsi(bedyer dil Yo@o; drkeh ody,, 2000Vhdoh
HTLV-1/2 anti bodi es, HBsantigen, HBc_antibody, HCV NAT, CW anti body, RPR,
Vest  Niel el\A0PBsWIlar ef ghd1 WRabess o ebt M0Y). AR RvercRislimypterpllopgagtivg Hisehs.

el ectrophoresis or Sickle Prep test (if indicated); Conplete urinalysis
[0133]  There are several considerations in developing protocols for generating

virus-specific CTLs ex vivo. Knowledge of the immunodominant antigens that induce protective
T cells specific for the targeted virus is required and a delivery system to transfer the antigen to
effective antigen-presenting cells (APCs) must be identified. The APC must be autologous,
express major histocompatibility complex (MHC) antigens presenting relevant virus-derived
peptides as well as co-stimulatory molecules sufficient to induce T cell activation and expansion.
These reagents all need to be suitable for GMP manufacturing, which limits the use of some

types and sources of antigen.
T Cell Therapy for CMV

[0134] The first study evaluating whether adoptively-transferred T cells could
reconstitute anti-viral immunity targeted CMV. In this study, CMV-specific T-cell clones were

derived from sibling donors after stimulation with autologous fibroblasts pulsed with CMV
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Treatment Plan CTL Lines [0155] Trivirus specific CTL |lines may be
generated using a rapid protocol, using plasm d-nucl eofected DCs, growh
pronot i ngvoypbuki2eess and the G Rex cul ture device optim PEU/USeI10/D46504 |
expansion, for exanple. [0156]To initiate the trivirus-specific CTL line,

nonocyt e-derived DCs are generated using plastic aherence f
culture in L4 + GHWCSF for 5 days and maturation for 1 daﬁ%gﬁli @cﬂo

TNFa. AMaber 24411, S905). Matweradre @b ddisrsaeffedtslahd OMCispetifié hhmDthrq@ba&m; tere
expressing protective and i mrunogeni ¢ viral antigens of EBV, CW and

AdenovF?‘iSPélStHETeﬁgWEth dops/© WF%@V{@W@&%@S%@ PEfRte FeSHITERCENANE-CMV
Bi cistr,p 1gyn§ ldagamidls, ﬁa&e\ﬁep%t e%ie%@h @vﬂetm&%@%@é eWpery aneifElT-and 2)

Adv hexon penton, each by an | RES sequence. For EBV, a construct
is geneewbe&és,elmdmdilmgm%eelEBMawbb|Ilge¢$saryEENl®hg td:mdPﬁ(;rsatedceBZn Edrtain cases.

Nucl eof ected DCs are .t he ed to tlnulate v ic T cell i ned
r om £ 16 COACRERVENT (SRR E 110 et o QU AIRaR By s S GER H BERb
1:10.  stimulation of ?&mramdoahh&iotnu@i@ﬁ%% tp]smg wﬁithEﬁHﬁtl@a‘eﬂﬁ ol 88 wifh CMV
mul tivirus-specitic T cells, the cytokines IL7 and IL4 are added in a

concentn@gdng mlebffed ﬁrmg/arﬂMé/nqu:t@UwAmung§b@c1:>ia8t/@d11yh@t(Pt:g&s aday, Y103). Small
stinmul ation and ex ansi on W ace |

opt 1 i Joi S akare e TRl WG e AP BB ctanl DA B Rigini 3 aav-

pr oductspiifi®TTNg! T \avbidsths REE lof lige TM®! dugi Vprcau eﬁanata,ctur@ PHRSS Yecent study
[0158] At the end of the CTL culture perio 9-12 days), the fre uency of T

cel | s spewiatedcCbs vatcdengrifigcelingulsed Wg@ﬁhﬁ Lefet/e Fis ePdqumgeM idggyed
o Sondrtum R o RSAER G belsS Hhot MMIRELANT e AT AT, SORS i hipbodth 40P

2011/ 028p2FACH¢dER6,1:0L Q6605 the restricted specificity of the infused CTLs, since targeting a

BAYM PO016WD gpepm xes) spanni ng. CW- pp65. and | E1, Adv-hexon and penton
and EBVINEENARIOPEND3Y aHeW B2E3PE \é?glaatss%qdrﬁamué they stugxdo pafies vhesagydLAGAE can
al so u? 8yt ol ogous and al |l ogeneic LCLs as stinulators to neasure EBV
reactivity. Cytotoxicity assays are perforned using recipient PHA blasts as

a measure of residual alloreactiviity, and one can test antigen-specific T
cell killing ui@lﬁé] LCCM¥ispemtic 41Tdnehavoralsoudenofsed thedapsirti¢nltyhe Hahplete with

i mul Ki Ll f
Shar ed 1 epBECGE G npSBitaRER o PR SRt Sparp o e oL BRSO Bl g
pPp65, LEL2004XTHE reRaitwdte efENgind MRR sapiste BZaFdE. vitaD da8fivition Gl b 0|f ITN@bjeads €

checked for identity, phenotype and sterility, and cryopreserved prior to
adni ni 38 thit SoMY abe sParagt prtiSOPYas nCBEY dyiate. atikddhareht advartize 6 ereducingrd a

for ad t o i tlye

cu tur 2y PERPER Busk Py PABF SRS Bctey B, BT it e PERRINNCy
5EU m ,mfea@iiﬂrcvlﬁ livesitut irf the I\Wheopl asma, <2% CD83 positive cells, <10%
kKilling of recipient PHA blasts at 20:1 ratio in C51 rel ease assay and HLA

| dentity. [0136] The CTL therapies described above all employed methods of T cell
production that require prolonged periods of activation and expansion in specialized GMP
facilities with significant regulatory support. These requirements reduce the practicality of
adoptive immunotherapy since CTL lines must be made long in advance of disease and few
centers have the facilities or infrastructure required for this type of cell processing. A recently
reported clinical trial using tetramer selection of CMV peptide-specific T cells directly from
peripheral blood avoided both ex vivo expansion and live viral antigens. Although exclusively
CD8+ T cells were infused, they expanded by several logs after infusion, clearing infection in
8/9 cases (Cobbold et al., 2005). This approach, however, is impeded by the limited availability

of tetramers for uncommon HLA types and a lack of class II tetramers.

T Cell Therapy for EBV
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2011/ 0285 BIPCFI[%?l%Qé Q?a(?égies described above each target only one virus. To broaden the

specificity of single CTL lines to include the three most common viral pathogens of stem cell
recipients, the inventors reactivated CMV and adenovirus-specific T cells by using mononuclear

cells transduced with a recombinant adenoviral vector encoding the CMV antigen pp65.
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Subsequent stimulations with EBV-LCL transduced with the same vector both reactivated EBV-
specific T cells and maintained the expansion of the activated adenovirus and CMV-specific T
cells.1 This method reliably produced CTLs with cytotoxic function specific for all three viruses,
which were infused into 14 stem cell recipients in a Phase 1 prophylaxis study. There was
recovery of immunity to CMV and EBV in all patients but an increase in adenovirus-specific T
cells was only seen in patients who had evidence of adenovirus infection pre-infusion (Leen et
al., 2006). A follow-up study in which the frequency of adenovirus-specific T cells was
increased in the infused CTLs produced similar results, thus highlighting the importance of
endogenous antigen to promote the expansion of infused T cells in vivo (Leen et al., 2009).
Nevertheless, all patients in both clinical trials with pre-infusion CMV, adenovirus or EBV
infection or reactivation were able to clear the infection, including one patient with severe
adenoviral pneumonia requiring ventilatory support (Leen et al., 2006). CTLs recognizing

multiple antigens can therefore produce clinically relevant effects against all three viruses.
Limitations of current CTL generation protocols

[0140] It is now evident that adoptive transfer of CTLs can treat viral infections
and hematologic malignancies that are not amenable to conventional therapies. Because the
benefits are sustained long term and the cells produce minimal toxicities, this approach has a
potentially outstanding pharmaco-economic profile. Unfortunately, wider application is limited
by (i) the cost of production, which requires the initial manufacture of EBV-transformed
lymphoblastoid cell lines (EBV-LCL) and the production and testing of clinical grade adenoviral
vectors; (i) the complexity of CTL production, which necessitates generation and genetic
modification of APCs for weekly CTL stimulation, repeat feeding of open culture systems, and
multiple skilled “judgment calls”, thereby limiting scalability, and (iii) the time required for CTL
production; to the 4 to 6 weeks for initial generation of EBV-LCLs must be added the additional
4 to 8 week CTL activation and expansion period required to increase the frequency of antigen-
specific T cells and eliminate alloreactive T cells. Not only does this delay contribute to cost and
complexity, it also precludes urgent treatment of seriously ill patients, unless CTLs have been

prepared speculatively, and well in advance.

Rapid generation of multivirus-specific CTL
Generation of multivirus-specific CTL using DNA plasmid-nucleofected DCs as
APCs
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[0141] To produce multivirus CTL more rapidly the inventors developed a protocol

to replace both an AdS5Spp65 vector (Adv and CMV specificities) and an EBV-LCL (EBV
specificities) with DNA plasmids that encode multiple viral antigens. These DNA plasmids can
be introduced into the nucleus of APCs, such as monocytes or DCs, using the clinically
applicable Lonza/AMAXA nucleofection system. After transfer, high level transgene expression
is achieved with good target cell viability during the period of T cell activation (Gerdemann et
al., 2009). Plasmids are non-infectious, non-replicative, and integrate poorly into the transfected
cell genome. Clinical grade DNA can be rapidly and cost-effectively produced in scalable
quantities with excellent long term stability. Substitution of plasmids reduces the cost of
manufacture by more than 50%, by reducing the time of CTL manufacture and the extent of
immunogen testing, since the cost of plasmid testing is about one tenth that of adenovirus vector

testing.

[0142]  The evaluation of protective and immunogenic Adv and CMV antigens
encoded by these plasmid DNAs can be based on the encouraging clinical results showing that T
cells directed against Adv-hexon and penton, and to CMV1-E1 and to CMV-pp65 are protective
in vivo (Leen et al., 2009; Leen et al., 2008). CMV-IE1-specific T cells may target cells that
reactivate CMV from latency, while pp65-specific T cells target newly-infected cells. The
inclusion of two proteins for each virus in the immunogen increases the number of potential
target epitopes and hence the probability that T cells will be reactivated irrespective of the HLA
type of the T cell donors. Once administered, polyepitope-specific CTLs are less likely to fail as
a consequence of immune escape by epitope mutation in infected cells. For EBV, EBNAI is an
immunodominant CD4+ T cell target antigen expressed in all EBV-associated malignancies and
in normal EBV-infected B cells, LMP2 is immunogenic across multiple HLA types and
expressed in most EBV malignancies, while BZLF1 encodes an immunodominant, immediate

early lytic cycle antigen that stimulates both CD4+ and CD8+ T cells from most individuals.
Generation of multivirus specific CTL using growth promeoting cytokines

[0143] The inventors and others have demonstrated that virus-specific CTL can
efficiently and rapidly be expanded in the presence of enhancing cytokines IL-7 (10ng/ml) and
IL-4 (1,000U/ml). These cytokines reduce activation induced cell death of antigen-specific T
cells that correspondingly helps increase the frequency and repertoire of responding antigen-

specific T cells compared to T cells from the same patients generated in the absence of cytokine.
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Further, the addition of these cytokines to our cultures produces CTL lines with negligible
alloreactivity, even after a single stimulation. Thus, supplementing our CTL cultures with these
cytokines, which are available as clinical grade reagents, reduces the cost of manufacture by

>50%, by diminishing the time of CTL manufacture.
Generation of multivirus specific CTL using an optimized culture device

[0144] Currently CTLs have to be made by progressive expansion in traditional
tissue-culture treated 24-well plates, with weekly restimulation. This system is extremely labor
intensive, highly skilled and difficult to scale. Even though cell culture in 24-well plates requires
frequent media changes and manipulation to optimize nutrient levels and removal of waste
products, T cells undergo significant cell death while infection is an ever present risk for all but
the most skilled tissue culture technician, since no antibiotics are used. Unfortunately, efforts to
date to substitute the closed, scalable bioreactor systems that are widely used in other types of
clinical cell culture systems have failed. The resultant CTL product has been either non-

functional or non-specific.

[0145] The inventors utilize a new gas permeable rapid expansion device (G-Rex)
that dramatically reduces T cell apoptosis during culture, resulting in more efficient expansion in
vitro. Gas exchange (O; in and CO; out) occurs across a gas permeable silicon membrane at the
base of the flask, preventing hypoxia while allowing a greater depth of medium above the cells,
providing more nutrients and diluting waste products. These culture conditions allow the stable
cell:cell interactions essential for CTL production to proceed unencumbered by physical
disruptions, reducing technician time >10 fold, increasing cell output by >3 fold, and
accelerating CTL manufacturing time >2 fold without affecting the phenotype or function of the

CTLs (Vera et al., 2010).

[0146]  Overall, by combining these three novel procedures we will be able to
produce large quantities of multivirus CTL devoid of alloreactive cells using a simple one-step
procedure, which will dramatically reduce cost, complexity and time associated with traditional

CTL protocols.

Design of Certain Embodiments of the Invention
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[0147] In certain aspects of the invention, the feasibility, safety and efficacy of

rapidly generated trivirus-specific lines (rfCTLs) in HSCT patients at risk of developing EBV,

CMV or adenovirus infections or with early reactivations is evaluated.
Primary Objective and Rationale for Study Design

[0148] The primary purpose of the study is to assess the safety of administering
rCTLs in transplant patients at risk of EBV, CMV, or adenovirus infection or with early
reactivation or infection. We have elected to use 4 different dose levels starting with 5 x 10°
followed by 1 x 10’, 2 x 107 and a final dose of 5 x 10’ rCTLs/m*. CTLs manufactured by our
previous methodology were safe at doses up to 10° cells/kg (Leen er al., 2006). However as the
manufacturing methodology has been modified, the inventors in some cases start at a lower dose
of 5 x 10° cells/m” in this study. In certain cases, there is administering of additional doses (at the
same level) in subjects that have a partial response after one dose or who receive other therapy

that may affect the persistence or function of the infused CTL.

[0149] Patients in a feasibility/safety study are eligible following any type of
allogeneic transplant to receive CTLs as prophylaxis or for early reactivations as defined herein,
including, for example: 1) early treatment may be given to eligible patients with a single or
multiple infections (patients with multiple infections with one reactivation and one controlled
infection may be included); 2) clinical status at enrollment to allow tapering of steroids to less
than 0.5 mg/kg/day prednisone; 3) negative pregnancy test in female patients if applicable
(childbearing potential who have received a reduced intensity conditioning regimen); 4) prior
myeoloablative or non-myeloablative allogeneic hematopoietic stem cell transplant using either
bone marrow or peripheral blood stem cells within 12 months; 5) prophylaxis for patients at risk
of CMV, adenovirus or EBV infection; 6) early treatment of reactivation or infection which is

defined for specific embodiments for each virus as delineated:
CMY (Nichols et al., 2001; Ljungman et al., 2001)

[0150] CMV antigenemia is monitored at least weekly post transplant. Early
reactivation is defined at CMV antigenemia with <10 leucocytes positive. If any patient develops
CMV antigenemia (with >10 leukocytes positive) or clinical evidence of CMV infection (defined
as the demonstration of CMV by biopsy specimen from visceral sites (by culture or histology)

either pre or after CTL infusions, standard treatment with Ganciclovir, and/or Foscarnet and
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Immunoglobulins will be initiated. Patients may receive CTLs for antigenemia or elevated PCR

without visceral infection.
Adenovirus

[0151] Adenovirus infection is defined as the presence of adenoviral positivity as
detected by PCR or culture from ONE site such as stool or blood or urine or nasopharynx.
Adenovirus disease is defined as the presence of adenoviral positivity as detected by culture from
more than two sites such as stool or blood or urine or nasopharynx. In patients who meet the
criteria for disease, Cidofvir may be added unless the subject could not tolerate this agent due to

nephrotoxicity. Patients may receive CTLs for elevated PCR in blood or stool.

EBV

[0152] EBV-LPD is defined according to recent guidelines (Styczynski et al.,
2009) as proven EBV-LPD defined by biopsy or probable EBV-LPD defined as an elevated EBV
DNA level associated with clinical symptoms (adenopathy or fever or masses on imaging) but
without biopsy confirmation. Patients with EBV DNA reactivation only may receive CTLs on

study. Patients with proven or probable EBV-LPD should also receive Rituxan.

[0153] In certain aspects of the design, certain patients may be excluded: 1)
patients receiving ATG, or Campath or other immunosuppressive T cell monoclonal antibodies
within 28 days of screening for enrollment; 2) patients with other uncontrolled infections (For
bacterial infections, patients must be receiving definitive therapy and have no signs of
progressing infection for 72 hours prior to enrollment; for fungal infections patients must be
receiving definitive systemic anti-fungal therapy and have no signs of progressing infection for 1
week prior to enrollment; progressing infection is defined as hemodynamic instability
attributable to sepsis or new symptoms, worsening physical signs or radiographic findings
attributable to infection. (persisting fever without other signs or symptoms will not be interpreted
as progressing infection.); 3) patients who have received donor lymphocyte infusion (DLI)
within 28 days; 4) patients with active acute GVHD grades II-IV; 5) active and uncontrolled

relapse of malignancy

Donors

90148443.1

42



1l None-Stage 3 with Stage 2-3 or Stage 2-4 NA IV Stage 4 or Stage 4 N A
NA Antiviral Activity [0166] Viral load is nonitored for CW,
EBV and awlorroui283s1 For the infection under treatnment r@Spansgeoionssos ral
load will be defined as foll ows:

BAYM.P0016WO

[0154] Donors for allogeneic (i.e. HLA matched or mismatched related or

unrelated) stem cell transplants may be evaluated, including with the following: complete history
and physical examination; CBC, platelets, differential; Electrolytes, BUN, creatinine, glucose,
total protein, albumin, total bilirubin, alkaline phosphatase, ALT, AST, LDH, serum protein
electrophoresis (if indicated); HIV-1 antibody, HIV-2 antibody, HIV NAT, HTLV-1/2
antibodies, HBsantigen, HBc antibody, HCV NAT, CMV antibody, RPR, West Nile virus NAT,
and Chagas testing; ABO and Rh typing; Hemoglobin electrophoresis or Sickle Prep test (if

indicated); Complete urinalysis

Treatment Plan
CTL Lines

[0155] Trivirus specific CTL lines may be generated using a rapid protocol, using
plasmid-nucleofected DCs, growth promoting cytokines and the G-Rex culture device optimized

for T cell expansion, for example.

[0156] To initiate the trivirus-specific CTL line, monocyte-derived DCs are
generated using plastic aherence for 2 hrs, culture in IL4 + GM-CSF for 5 days and maturation
for 1 day using PGEl, TNFa. After 24hrs of maturation DCs are nucleofected with DNA
plasmids expressing protective and immunogenic viral antigens of EBV, CMV and Adenovirus
using the GMP compatible Lonza/AMAXA system, for example. Bicistronic plasmids are
constructed that encode 1) CMV-pp65 and IE1 and 2) Adv hexon and penton, each linked by an
IRES sequence. For EBV, a construct is generated encoding three EBV antigens, EBNAI,
LMP2, and BZLF1. Nucleofected DCs are then used to stimulate virus specific T cell retained

from the non adhearent PBMC fraction, at a stimulator/responder ratio of 1:10.

[0157] To inhibit apoptosis and promote expansion of multivirus-specific T cells,
the cytokines IL7 and IL4 are added in a concentration of 10ng/ml and 1,000U/ml respectively at
the day of stimulation. T cell stimulation and expansion will take place in an optimized GMP-
compatible G-Rex device which has been validated for the production of multivirus-specific T

cells (Vera et al, in press).

[0158] At the end of the CTL culture period (9-12 days), the frequency of T cells
specific for each virus and antigen is determined using multimer reagents, for example. To test

the functional antigen specificity of the CTL one can use overlapping peptide libraries
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PHA blasts as a measure of residual alloreactiviity, and one can test antigen-specific T cell

killing using LCLs either alone, or nucleofected with the three stimulating plasmids, and one can
assess killing of antigen presented by shared alleles using recipient PHA blasts pulsed with
pepmixes spanning pp65, IE1, Hexon, Penton, EBNA1, LMP2 and BZLF1.

[0159] The CTL lines are checked for identity, phenotype and sterility, and
cryopreserved prior to administration according to SOP, in certain embodiments. Release criteria
for administering the CTL to patients include viability >70%, negative culture for bacteria and
fungi for at least 7 days, endotoxin testing < SEU/ml, negative result for Mycoplasma, <2%
CD83 positive cells, <10% killing of recipient PHA blasts at 20:1 ratio in Cr51 release assay and
HLA identity.

Administration and Monitoring

[0160] Multivirus specific T cells are thawed and given by intravenous injection,
for example. Patients may be premedicated with Benadryl 0.25-0.5mg/kg (max 25 mg) IV and
Tylenol 5-10 mg/kg (max 650 mg) PO. Patients may be monitored according to institutional
standards for administration of blood products and at a minimum will be monitored according to
below: Patients may remain on continuous pulse oximetry for at least 30 minutes, for example.
Vital signs are monitored at the end of infusion then at 30 and 60 minutes. Patients may receive
supportive care for acute or chronic toxicity, including blood components or antibiotics, and
other intervention as appropriate. If a patient has a partial response (as defined by a 50% fall in
viral load) or receives medication (such as steroids) which may affect the persistence or function

of the infused CTL they are eligible to receive up to 2 additional doses at the same initial dose.

[0161] The possibility for onset of GVHD is monitored for 6 weeks following
infusion. Weekly GVHD organ stage scores, overall clinical grade, biopsy information for
GVHD and relevant differential diagnosis are recorded. The weekly score may encompass all
information since the last assessment. Organ involvement, biopsy information, staging,
differential diagnosis, and GVHD therapy are documented. Definite manifestations of Chronic

GVHD include scleroderma (superficial or fasciitis), lichen planus, vitiligo, scarring alopecia,
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immobilization, and Bronchiolitis obliterans. Possible manifestations of chronic GVHD include
eczematoid rash, dry skin, maculopapular rash, hyperpigmentation, hair loss; Xerostomia,
keratoconjunctivitis sicca; Anorexia, malabsorption, weight loss, diarrhea, abdominal pain;
elevation of alkaline phosphatase, transaminitis, cholangitis, hyperbilirubinemia; non-infectious
vaginitis, vaginal atrophy; arthralgia; thrombocytopenia, eosinophilia, autoimmune cytopenias;
bronchiolitis obliterans with organizing pneumonia, and interstitial pneumonitis. CTLs are
susceptible to killing by steroids given at a dose of 1-2mg/kg. This is standard therapy for
GVHD and could also be given if a recipient develops other complications considered possibly

related to CTL administration.
Primary Endpoint

[0162] The primary objectives for the phase I component are feasibility and safety.
The primary endpoint for the phase II component is antiviral efficacy. Safety of administration of
CTLs is 42 days for GVHD and 30 days for other toxicities. The safety endpoint will be defined
as acute GvHD grades III-IV within 42 days of the last dose of CTLs or grades 3-5 infusion-
related adverse events within 30 days of the last CTL dose or grades 4-5 nonhematological
adverse events within 30 days of the last CTL dose and that are not due to the pre-existing
infection or the original malignancy or pre-existing co-morbidities as defined by the NCI
Common Terminology Criteria for Adverse Events (CTCAE), Version 4.0. Toxicities to consider
include GI toxicity, renal toxicity, hemorrhagic toxicity, cardiovascular toxicity (hypotension,
cardiac arrhythmia and left ventricular systolic dysfunction), neurological toxicity (somnolence

and seizure), coagulation toxicity, vascular toxicity and pulmonary toxicity.

90148443.1

45



BAYM PO016W) Secondary graft failure [0177] Secondary graft
failure is defined as initial neutrophil engraftnment foll owed by subsequent
decl i ne iwoRhH/2831t 0 < 500/ MmB for three consecutive MPaATNISRMBOBESODN
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graft failure will be assessed at 30 days post CTL infusioﬁigggfﬁgﬁpﬂﬁty
Eval uati on Fol [@M3)ip SeehedaddeGrading of Adu@l@G8HDIhe Fol | ow-up Schedul e for
schedul ed study visits is outlined below The timng of followup visits is
based on the date of CIL infusion. If a patient has nmultiple CTL doses the
schedul e resets again at the beginning, so follow up relates to the | ast
CTL dose. [0179] FOLLOW UP SCHEDULE [0180] Assessnent Tine Target Day

[0181] [0164] Acute GVHD grading may be performed by the consensus conference

criteria (Przepiorka, et al., 1994).

Stage 0 Stage 1 Stage 2 Stage 3 Stage 4
Skin No rash Rash <25% BSA [25-50% > 50%|Plus bullae and
Generalized desquamation
erythroderma
Gut < 500 mLi501-1000 mL/day {1001-1500 > 1500 mL/day [Severe abdominal]
diarrhea/day ml./day pain & ileus
UGI Severe
nausea/vomiting
Liver Bilirubin 2.1-3 mg/dl 3.1-6mg/dl 6.1-15mg/dl > 15 mg/dl
< 2 mg/dl

[0165] Grading Index of Acute GVHD*

Skin Liver Gut Upper GI
0 None and None and None and None
I Stage 1-2 and None and None None
II Stage 3 and/or Stage 1 and/or Stage 1 and/or Stage 1
III None-Stage 3 with | Stage 2-3 or Stage 2-4 N/A
v Stage 4 or Stage 4 N/A N/A
Antiviral Activity

[0166] Viral load is monitored for CMV, EBV and adenovirus. For the infection

under treatment response in viral load will be defined as follows:
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(Days Post-Enrollnment) [0182] 1 week 7 days [0183] 2 weeks 14 days [0184] 3
weeks 21 days [0185] 4 weeks 28 days
WO 2011/028531 PCT/US2010/046505

BAYM.P0016WO
[0167] Complete response: Return to normal range as defined by specific assay

used and clinical signs and symptoms

[0168] Partial response: Decrease in viral load of at least 50% from baseline or

50% improvement of clinical signs and symptoms

[0169] Mixed response: Decrease in viral load of at least 50% from baseline for
one infection and an increase or no change in viral load for a second infection (only applicable

for patients with two infections at baseline).

[0170] Stable disease: Changes insufficient to qualify as partial response or

progression

[0171] Progression: Increase in viral load of at least 50% from baseline or

dissemination to other sites of disease.
Reconstitution of Antiviral Immunity

[0172] Patients are monitored using ELIspot assays or multimer assays with

appropriate viral specific peptide mixtures.
Effects on Clinical Signs of Viral Infection

[0173] If a patient has organ involvement clinical response is monitored. For

patients with EBV lymphoma and measurable disease, response is assessed by RECIST criteria.
Survival
[0174] Overall survival at 6 and 12 months post CTL infusion is computed.
Chronic GVHD
[0175] Chronic GVHD is assessed at 3, 6 and 12 months post CTL infusion.
Viral Reactivations

[0176] All CMV, EBV or adenovirus reactivations occurring within 3 months of

CTL infusion are collected
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[0186] 5 weeks 35 days for weekly [0187] 6 weeks 42 days [0188] 8 weeks 56
days [0189] 90 days 90 days [0190]
WO 2011/028531 PCT/US2010/046505

BAYM.P0016WO

Secondary graft failure

[0177] Secondary graft failure is defined as initial neutrophil engraftment followed
by subsequent decline in the ANC to < 500/mm’ for three consecutive measurements on different
days, unresponsive to growth factor therapy that persists for at least 14 days in the absence of a
known cause such as relapse. Secondary graft failure will be assessed at 30 days post CTL

infusion.

Patient Evaluation

Follow-up Schedule

[0178] The Follow-up Schedule for scheduled study visits is outlined below. The
timing of follow-up visits is based on the date of CTL infusion. If a patient has multiple CTL

doses the schedule resets again at the beginning, so follow up relates to the last CTL dose.

[0179] FOLLOW-UP SCHEDULE

[0180] Assessment Time Target Day’

[0181] (Days Post-Enrollment)
[0182] 1 week 7 days

[0183] 2 weeks 14 days

[0184] 3 weeks 21 days

[0185] 4 weeks 28 days

[0186] 5 weeks 35 days for weekly
[0187] 6 weeks 42 days

[0188] & weeks 56 days

[0189] 90 days 90 days

[0190] 6 months 180 days
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6 nonths 180 days 90148443.1 WD 2011/028531PCT/ US2010/ 046505 BAYM PO016WD
[0191] 12 nont hs365 days [0192] 'Target day range = 2 days up to
Week 8, awio20t/0d833 for Days 90, 120, and 28 days for 6PamdS2@0/esdhs,
post-enrol Il ment. Assessnents [0193] Al assessnments are considered

standard-of -care unl ess identified bel ow by [019 3 (on,
assessnents may include history and physical examincl udi ngﬂ‘%ﬁ@m’&faﬁbo
wei ght; viral [@B®d$ flarmdBs adenovirus, GEVdagonpl ete acute GVHD st agi ng
and grading information including assessnments of rash, diarrhea,

nauseal/ vomtin ight an I|verf ion tests; CB ith differential,

pl atel et count ?019% AL 0N SRS f@@fﬁ Pp F‘hﬁ‘?ﬁ‘ﬁi Saﬁwfgft%éasﬁﬂjegbﬁ&% Q@ﬁ%sn
ALT) plaH§+98@§§/§fo@‘ﬁndfl@%{dﬂltﬂs%%ﬂ&lﬂ%ﬂpr' ne level if on these agents;
**pregnancy test if of chil dbearing potential and has received a reduced

intensity transplant regi nen; and/or **sanples for research | aboratory
studi es. Post - Askessingnts assessnents may include viral |oads for CW, EBV,
adenovirus weekly at 1, 2, 3, 4, 6 and 8 weeks, and 3 nonths; conplete

acute GVHD st ag@,gy@%angu %Es%gén?e%t %‘r‘é%gﬁ{iéré’(ﬁ‘ st &Aréf%f e HHIES ?&r%ﬂiﬁd 8£1o¥v"’}fyh

di arrhea, nausea mting, unctl on
42; chreopni ¢ GVHD eval uati on (| f present) 3, 6, and 12 m)nt hs; CBC wth
differential and platelet count at 1, 2, 3, 4, 6 and 8 weeks, and 3 nonths;

Lt T ) A i RSP s A B
toxi ci teRsit Whd We[%ﬁ“vﬁ@%aﬁs 3BAEB OX h@ddoYirgY 3¢M&i 'c@ﬂlp‘t’&@ﬁédfe WHIb s%Yng@nd and
acute GVHD until y 45; steroid dose weekly until Day 42, and 3, 6 an

nmont hs ;gradiggmpdmstidorin¢ladiog aswessmaitudi msh,odiathea ;rla@,ea/&pm&n@w dve&hn@e& él,velan d

3 t d | i vat | h h .3 t hs. .. .. [019
e on RS BBl LCE pifi Bereiiil G ekt SOURE AR eB At Dty dbiliytind AGRDS
based @Rofphhtak&VART, a&negﬁlgrﬁéatﬁyn&uh&aﬁmu% ABPoliRB eI SRYsh (¥t &lgehide
initial follow up f or safety is conplete at 30 days for toxicity an 42

days f GFpEgMHmCypasti lérqfschéldh@armaepqt@t@é aﬂ@lhabml\;féra rr‘tsiylpednentemsﬂm gzisplear e

post trang na% CL"!*‘sm o, es i%r esearc [ ?tb rh Oc'iles Ei;os 3111? n ssesrmfr:]ntglsmz?r €

aSSGSSGCE {nO eva uat e afncPr ong erm e? 'P/ s attri tb asb? at Frﬁe gen

t r ansf Qﬁcl@d&fp@ﬂelﬂhdsofort(hﬁ\/stﬁmv adenovirus weekly at 1, 2, 3, 4, 6 and 8 weeks, and 3
months; complete acute GVHD staging and grading information including assessments of rash,
diarrhea, nausea/vomiting, weight and liver function tests weekly until Day 42; chronic GVHD
evaluation (if present) 3, 6, and 12 months; CBC with differential and platelet count at 1, 2, 3, 4,
6 and 8 weeks, and 3 months; liver function tests (bilirubin, alkaline phosphatase, AST, ALT)
plus creatinine at 1, 2, 3, 4, 6 and 8 weeks, and 3 months; infusion-related toxicities within 24
hours and toxicity evaluation weekly until Day 30, and acute GVHD until Day 45; steroid dose
weekly until Day 42, and 3, 6 and 9 months; **samples for laboratory studies on 1, 2, 3, 4, 6 and

8 weeks, and 3 months; and/or viral reactivations through 3 months.

[0195] Research laboratory studies include assessment of virus-specific immunity
based on CTL levels as measured by ELIspot or multimer assays. After the initial follow up for
safety is complete at 30 days for toxicity and 42 days for GVHD, patients continue to be
followed per routine clinical care post transplant. Clinical and laboratory records at 3,6 and 12
months are assessed to evaluate for any long term effects attributable to the gene transfer

component of the study.

90148443.1

49



90148443.1 WO 2011/ 028531PCT/ US2010/ 046505 BAYM PO016WD [ 0196]
Assessnents may include one or nore of the follow ng: Hi story and physi cal
exam CMXyOBBM/028%3¢novi rus | oad; Acute GVHD eval uati on; PCRAUSR10/0BIHD
evaluation; CBC with differential, platelet count; basic chem stry
(creatinine); liver function tests (al kaline phosphatase, kil I T,
ALT); toxicity evaluation; steroid dose; blood and serum f%AXMPW]aq'@B

| aboratory stu@@Es] i nAeetsnngs may include oh®1® Fhorldpeithehfdllowingt eHigoryodind he
phase | trial, additional patients aer accrued on the paxi numtol erated

dose (MRByicalecamit EMY a bR e 2denavisys dpady AsHapGivhiD oiyakstiowi CaronietG VD) |
an_ear Ly IRhAse CHC SiidrebRRendien: EUhn?aJa%E)éhQﬂ{)ﬁ (BRTRY! TPt ze
for the phase’l trial is 18. I'ncludin gctstreated at the

dose | éslkhlinegphoaptditse omblublf) A3iBjACTs twﬂ:llty b\elhwtlonuﬂdrondldd)shebbad layd phase I
st udy. fThe q%&g},;m sarrp%]ﬁ SIZ f.or the phase I/1l study is 28 patients.
Sanpl e 1% Z¥&! Ay PO eﬁggl?sgn Characteristics [0198] Dose
escal ation is guided by the nodified continual reassessnment nethod (nmCRM

to deternne tp@9vD ©Opor &dleof Ieh@ﬁ'o@'ﬂj%llﬁt%e Blrial, abARRhal JdtenfsissKaddh@dd on
cause

adoptively transferred rCTL wi HD is very | ow. The target
pr obabithd mgxigfuny iderpiedidpee XPE levgl tovalaatettoe ¢leniend epdiragntianaantizgahastivity in

el i gi bl f of
dose 1 ieERRER sl G PRsRESTERE S Mo ARl sSbEA 15, Bt Lk 2

i nvent a¢ $8.expdedingtteh@blbpsutdosed axthe MYD ok Evel-ahaddioisgall €vaibfec will e
eval uated, nanely, 5x106, 1x107, 2x107, and 5 x1Q07, with prior )

pr obablaF‘Frtl?deén 8?6 e phiasy b syt e magingan I§6/5‘1P§°/6lzelf@%;théd’gaf‘2’1%l study is 28
respecthygly. I'n this trial, nCRMis inplenented based on the exponenti al
dose-toxicity nodel with a cohort of size 2. To reduce the probability of
treating patients at unacceptable toxic dose |evels, one can enploy the
nmodi fi cati ons SempheSize Deteratindidn ¢l Depigor(dmracterbtics 1995) . Specifically,
there are two subject treated in each cohort, dose escalationis limted to

no nore than o se | evel i e roI nt starts at the lo

Hose ! ovel - snotIoRD° ppotfstlafOR i D8 Tby R AatTER oftRl Roflsagathe B
al ., 2Q8%RM) to determink QRO Y TIDRFEAI NPrspifRE i@ Bl $99Xi Thd Msl ERPAASRE AL
each dose | evel, maxi num 18 %atl ents are accrued into this Phase | trial.

Two patttaetfﬁeefér@TL nyitlicanseyGYHD) savesy 19wp. Theetargshsababidisie of asceptablsHexicity id

fol l OW%gt | e 43 IQ&X%? aoﬁé%%elgﬁt%w%'afe? M:IFD 8V ﬁlu‘éa&etﬁ@d % tl%-I Tzﬂcslul‘tﬂglk ok

G/HD an n u5| on-re ed 't ox 'S one or

| owest paas@ilite vl dost hlenttfngatoxicaystmgp)ed; atOhfeer @0%e, Bdsed q@apte@mus twitals| tme
enrolled at the next dose |evel. For the 90148443.1 WO
2011/ 0PBSBBTELRPESS (M e1abiawsdese- toxicity curve. Four dose levels will be evaluated, namely,

BAYM P%gt@thm %wd' 8 desew dtﬁ\s’;ﬁ-lo? préthabfiis OF BQEiRy eatfhﬁm % @evs% Oy,

DLTs, MCRM gui des e next y estimating the toxicit
pr obabillOP¢, ynd Ilh% datspe:twslyt hethssatmal, onCRIBE Esmaleateecbddmp@hm thg etxpondnealcclnsce nt

esti mated rob of MID. .Two ients are.recryited. at the dose
ovel ISR aHED WY EneoERAl T4 3 JoeDRBHE NS o UapU isbeigepiiegs

sel ect Qﬂa&@ aBRY tific tdoge RA¥dIENSR daY PR Qha_smo@h@l%atﬁdﬂsato itfe S)tn%ﬁfﬁ?CbRM
otherwi se, two patients are enrolled at tt,te next dose level. If "none of the

pat i ent(BerElvéiaoEfs abL199%at &PhelflﬁﬂRM th@l@omtvﬂeduwg@etrb@velm ¢agh q@éprteﬂpge
continue the next dose

unti | eﬁca 1%}1n}1 eg tP“ ore tg%nsgnq fszf'\el Sz?nl e a}tillgg n IROI(I)CGE:'\I%SstaIutSs atet\l?ee ﬁ)west

dose level shown to be safe in previous studles of CTL post HSCT (Leen et al., 2009).

[0199] Depending on patient’s toxicity responses at each dose level, maximum 18
patients are accrued into this Phase I trial. Two patients are initially allocated to the lowest dose
level cohort and followed for 42 days post CTL infusion for evaluation of DLTs including
GvHD and infusion-related toxicity. If there is one or more DLTs at the lowest dose level, the

trial is stopped. Otherwise, two patients will be enrolled at the next dose level. For the
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[0200] The final MIDis the dose |level with probability closest to the
targeted 20% toxicity probability. If the estimated probability of DLTs for
any dose Wowel1/283li ng i nto account all patients treat e@CaUUSLIIANIEHOS e

| evel ) becones greater than 20% the dose is de-escal ated. By the
dose-escal ation algorithm there are at nost 2 cohorts at | .
The inventors do not anticipate seeing any CTL-rel ated AE é?ggﬁ@j%&léﬁbe
dose- | emetmediaadese lepos it afypdredotio pativitst deecldp BB el MCROM guidkd the hhtéﬁtedose—
dose- Ievels are safe, in certain enbodinents. If this js the case,

m ni mure¥st by sstimatingnthe taxigity probabifityailihg CIOé% & thgjspme o idsrfeerlafed ﬁ%adgﬁtg Phe
MID | eygl cuﬂréntte*é&ﬁﬁteﬁrﬁo@d% 1t9r RS, Blo 6)% 1e1{t£‘%é AR & R I%Qé 163k1
nost 18 patients enrol |s trial. Slrm ations were perforned
w th 1®¢c®ﬂﬁn¢1reipd bg alid mﬁ?RM daf dqat@fncmsbetretah@l d;qse leak] ngelebad and eny sft the patidnts he

pr opose esi e inventors conpared.this wt standard 3+3

oo, octutian GhTades il S Topbeutabes GHisRur deslplet e Pedl fralede. ot
the MIRoR@aRAhe paBetts ARSEIORS AR hi ke GfCreCIRbMAGIHAE BRPIQRL I @R plRses

| evel as the MID, afforded smaller nunber of patients accrued at Iower dose
| evel s continthentai the aienedoss leesle T hedera gdeationairoenssrve repgited amtik thesMId @ e
for th?11 hestciosef‘sveftls acﬁéded above, the first dose level is the sane as that
used inprevicous Etudies sf cTL post HSCT and the highest dose is |less than
hal f that of the previous trail (Leen et al., 2009). In certain

enbodi ment s, t|[ﬁ209]i STha fﬁllaBMTQy\/lsdbéﬂﬁsIeQ&dIi\xh&‘l ;ﬁuﬂsabﬂlt(j)\éﬁfsestth@t}feaﬁlgeteﬂﬁo%
dose that occur with %)é%after initial

nf usi (S‘Pf“@FBéPIIOQE'?lBFYe ‘ihﬁtei’flfflﬁéd erabrbdoe ol BLTS ﬁ%r qny ot &vRl (feking @nto account
B e S A S S
real - t idoge-exonlation alggridfm,thereent at mr$tc] tohontstat eaeh dase pevet.oflire dnvientoos d«,% not 0
estimate . the dose-toxi and d se |evel is determned for he next
pat i enf"UGRYF °CHER ﬁaYﬁeL ik ImeAer% dererieddl h‘ags‘ee UBOR COMPEHIPAEA 45° forfp
2011/ 028aBHd gélPﬁ%@é@éQﬁ@@@a@@ﬁM ?@Q@r@m embodiments. Efqgg:ﬂs t}@ éa‘:s‘é A BfithDi ng
the MID, additional patients are treated at the MID | evel further assess
its antof \mrmltle@tetam/trtgted mtithi wtal est padientsetckvred tah éhe MTED dfvet. rléaluenre [te pEEsponse
in viral r_than QS(V lge ttrgsat gg,g?nﬁe is defined as
conpl ef‘éor? %VseBtS %‘SH‘?‘%&F 1} @SSR 1% ¢° RIKRE 8 eélrIE BHi'certain
enbodi nents, the rCTL MIDis not effective if the response rate is | ower
than 30% By a[@ud]ar nsigiuMaisnalwaamelformed &ital God@RTéDRatiAR @A téinanalthel O
patients nmay be treated at the MID | evel (total 16 including 6 treated at
phase [oPgiafipg chagpcteraytiss of e msprpsecelssigh) andHe i8¥easre campared thiy githragiangesd an
it ef 23t R b ABGR EH he TR BT b RSB Bl EOOPRE BT on.
IA {\IIT : i ﬂ}g%’lg?gbéhgy‘ ofedevhxinguine a@r@:mtc_e}ﬁass JevBl aMhMTDEaﬂdﬂﬂ?%mﬂLer number
ere are a variety of mechani sns by
whi ch PhRBIGITATIEY Y @W%QOI%% aélglg{wéﬂﬁalqeﬂ IO PRy EASH ﬁté]s@%fefﬁr@? Paiftiiyen
expres %c{?ﬁned %&%@ i ANAQENAQGRL {bGe,| (HEBRL QW RYAQ"Y tHeYdaRIEI RQBat uSELin p'FQ\%mE’sOV‘Br
of sinultaneously targeting nmultiple tunmor antigens is that it affords a
st r at egtpdiesrof 6idr ponHAG Teand thomgbers doseny lefss)thasdnplfltmglf the éviawt irgkdl.cen e

h t t ed t I
ot oo iRy aerit CEPARIL TR e Th G FO sy BN B8 e oPiay
antigen, but if nmultiple antigens are sinmultaneously targeted in a single

CTL product, tpg20R] obBhirkithat dREurskithidl 42t d439 aBtef IS tin@Bioh lakBictdreS RAG S | S
i ncr eased. [ 0205] In specific enbodi nents, the present invention

concer fRNerdqudationn to Heernigerthe repommgnded dapfordhe isyessguennicobRitige R aext

i nventi I I

e O SRl RS (RS P ULAR, By h gty LA

t esti cuhaiitoripg 08 paml,t tdxeaid ancbm@cskpetrimmmm in ewadr aneshﬁratdﬁt;heldnse: &TXTlcallyn:urve
enbodi nents the ntion i ut|I|zed for c ncers assocj ated with_bl ood and
bone néff sR5C [V206] ﬁre} inF dors BgSRext NBdgi S Rt gisbigad €I4%) e PIS-SROGHHPY gR3t
neopl agepf Iynphoretlcular ceII origin, characterized by the presence of

| ar ge nononucl eat ed Hodgkin (H) and giant nul tinucl eat ed Reed- St ernberg
(RS) cells, and collectively referred to as Hodgki n and Reed- St ernberg
cells (HRS) (Anastasi et al., 1989; Harris, 1999). Approxinmately 7,500 new
cases are diagnosed in the US annually, with the highest incidence in the
3rd decadesof |ife. Conbination chenotherapy and radiation are effective
and overall survival rates are high bufllong-termnorbidity and nortality
secondary to treatnment renains a significant issue. Therefore, it is
de5|rable to develop novel theraples that |nprove out cones and reduce

o, - o o, o o NN NS\



90148443.1 WD 2011/ 028531PCT/ US2010/ 046505 BAYM PO016W) [ 0207]
Epi genetic therapy for rel apsed Hodgki n di sease. There is grow ng evi dence
t hat t he wathogesssi s of Hodgkin's | ynphoma (HL) i nvol vesTgsp&Eosiudsenci ng
due to aberrant epigenetic changes of gene pronoter DNA hypernet hyl ation
and hi stone deacetyl ati on (HDAC). These effects have been r i jtro
by denet hyl ati ng agents and HDAC i nhibitors in tunor cell Ilf%géfﬁggwﬂ
clinical studi ¢2033i ntdrldesemmients MIBD cadaitthdCpdicatdj e treated stabPMTR Evieh
rel apsed HL patients (Buglio et al,, 2008%1. The observed benefits may. be
due i n DA¥Ehef gssertcittiabctivirort deved whedentheiraie s Estment fespipse in Viral

mal i gn I : I i I i hg hect :

i ncrease gdglt llge\S/Pltgg&gtfhggr?ts ?‘{jgm;-i%eeal(t:@?l{tgéwgﬁ} Psd%‘#l?g%% e%“%gée{l‘? rr]e;'s Q%M%’e aém%lewl y
expr essegporp gehaiiedaktponsegit atrtdn gerbedimddpy; el Etle M ERpis s efacthasif bleen
reported for sevey al TAAs | z%ludi n LAEGE- 1, SSX-2,. NYE@O- 1, and Sur vilv{dq

( shi chi'f¥BORe raic 15 lopgg gyan 307 et ppq-amphigapyal sypplesizeialrulafippyfin additioga

det er mpagshiWhRl MRI uchf- R BB RReP(t8fal | 6 $nABngb ffelc@n phikebl PRBIR Safety
col |l ected pre-"and post-epigenetic therapy and in sone cases it is asséessed

whet hercowTderationgctlecdsaatyaé pige of he provpdes 918 @daci i lfe pewetle dstect tedryapdidsiesd
vivo fr Peri pher al, bl ood.nononucl ear. cel | i spl ated pre-. an
Y er- 1 oV B BEShEN sl o eReRkRR: SRbbe SF RV tor S BB URE T s 0 BRI o,

Anot herphbdedAl RN tvil BEdra®mhimPALE 8Mbjsctwi t h rel apsed or refractory HL is
adoptive T cell transfer. Qur studies in >100 stemcell recipients have
shown that donor-derived Epstein-Barr virus (EBV)- CITL lines can safely

protect patiengs MORTIPLE TEMOREANPIERN-SPEERMCCONEN | ynphonas and cure
patients even with bul ky established di sease (Rooney et al., 1995; Rooney

et al., 1998; HXMyp Brergnre a vagigey) of mrpghanisps byaritcih BEneis sen sveRihpinRie

i vi QUArE” (SR naf PR R OF B 50, BB (@il 58 shfh ST HIRGRERRAGH
2004; Betokated t. Tale.pok@0d) sintultaseduelyanigepinasmltiplé tunadr,anbgafs i6thaaitiagioids aM t h

rel apsed EBV+ve HL or, NHL who were infused with EBV] LMP2-specific CIL had a
tumor PHEEEREY ONFHRORHNHAR] COMPFISAENG P AUPRIGELQN Sf HHISSR cXBieHifRAY WA Hmor,

ear | i er, g ARt BT, %cﬁﬁc%‘@ﬂré‘c‘iec%ga@%\’@éin?@ rﬁ‘ﬂﬂg&{ ﬁﬁgﬁ ddedk deeGtd GNaL tumor
EBVI LMP2- speci fic cells increased in Trequency Tn patient blood after

i nf usi erpiebsepllgwrigvedx patisi antigen, but o) muhipheantigens areosimuitsiswesly aageted in a

et or r atretes et RBp B S lrive Srobbbr et P Conde i eB% o ©

investigate alternative tunor targets for CTL therapy. [0209] Adoptive

i munot her apy {02051 Usn k}ﬁ&ﬁﬂﬁéﬁﬂlﬁﬂﬁmﬁfﬂb,itﬁ@?ﬂ%@érﬂ%veﬁﬁé@édrﬁ:eﬁl@ 28X h@br of CTIVd t 1 O
expanded CTLs for the targeted therapy of virus independent cancer(s) in
i mrunodeattlg turetantigens. hakkousghibie fiagntgn play bej yiilized) formangr qpaesrocluding

regar di &%Ae £ i 9 4 Zkg 0-%3 / 8 5095
BAYM PODEs a%thﬁﬁﬁlﬁzs?d“ﬁ#gp&aﬁg‘g Zlnérse}é@%n P ¥ héﬁ}%&%ﬁc ﬁ?léegﬁiga%g‘f“b“ﬂ%’
met hodpréstatg dred atdEndchiutibrsealidsh f6Fth, In deedin dritbih&ian thé inedntion is utilized for
Tunor - associ ated anti %ens- Cancer testis antigens (CTA) were
cancers associated with blood and bone marrow.
[0206] Hodgkin disease. Hodgkin's disease (HD) is a malignant neoplasm of
lymphoreticular cell origin, characterized by the presence of large mononucleated Hodgkin (H)
and giant multinucleated Reed-Sternberg (RS) cells, and collectively referred to as Hodgkin and
Reed-Sternberg cells (HRS) (Anastasi ef al., 1989; Harris, 1999). Approximately 7,500 new
cases are diagnosed in the US annually, with the highest incidence in the 3rd decade of life.
Combination chemotherapy and radiation are effective and overall survival rates are high but
long-term morbidity and mortality secondary to treatment remains a significant issue. Therefore,

it is desirable to develop novel therapies that improve outcomes and reduce treatment-related

complications (Yazbeck et al., 2006).

90148443.1

52



anong the first non-viral TAA to be identified, and were initially shown to
be present in nelanoma (Scanlan et al., 2004; Carrel and Johnson, 1993).
SubsequerWwDyRoEgs30t her tunors were shown to express TARETIUSCO100#6595 MAGE,
SSX, NY-ESO-1, PRAME and Survivin (Mashino et al., 2001; Chanbost et al.
2000; van et al., 1999; van et al., 2005, Anbrosini et al. vin
is expressed during fetal devel opnent but is undetectable &#?ﬁﬁogﬁwy

di fferentiated[0207ial thpeguesc howeygor relupicsl BlodgidandibenseXPhas Siedgrowing

various tunor tissues and cell 1ines. Irrportant%%‘, both CTA- and

Sur vi vienidepesc thaf therpathogeactis of Hudlghin s bymphoma (k) ipxplvenesngustiencing digte of
tunors t n | .
2002~ RRul e PR RERRARULT nk BRARTL BN D shERAERS dlGRIRIor o
in HL aHB)ACh)eﬁhesemﬂﬁﬁao@emwcl bsenaryetshe ipotiencyy afenrettadatingeagehits iand HIDAG and
in vivo are assessed 211] rat on . of TAA- eC|f|c CTL in v

EBv- 1 ¥ SHEPEraan b haSt rg Dakh FASs vl nE e e aS it et eBistive
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[0213] This approach has been successfully used to tar et Vi rus-associ at ed
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al ., 20@8orsMrhicBogd 1edel t@lnvest2QARGilteMakive Rim@ttaikbts forZO0b theti@nackovi c et
al ., 2006). [0214] Reactivated T cells nmay be cultured in the

presence of | L-12, 1L-15, and either IL-6 or |L-27, since these
cyt oki nes have ?M%en Adentive FBPUnOHier gt r VA SRdeppndeRpdpBisniRdeseETE A tr o
(FI G 4o 0, S ty for
o N R P R
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tumor CTLs is closely associated with in vivo persistence, and in certain
aspects of the invention, antitunor CILs can be genetically nodified to
enhance their in vivo survival and persistence. For exanple, tunor CTLs can
be transdwsed with a transgenic IL7 receptor (FIG 15), the transgenic |IL7
receptor is functional therein (FIG 163, and these tunor CTL nmaintain
their antigen specificity (FIG 17). EXAMPLE 1 GENERATI ON OF TAA- SPECI FI C
CTL FROM HEALTHY DONORS USI NG PEPM X- PULSED OR TAA- EXPRESSI NG AS APCS



[ 0215] Production of TA-specific CIL from healthy donors. TAA pepm x-pul sed
or plasmd transfected DCs were used to reactivate tunor antigen-specific T
cell s at woORO110288i o (FIG 1A). PBMCs were cul tured i nPCHAISRpr1esess0® of | L7
(I Ong/ L), 1L12 (I Ong/nl) and |IL15 90148443.1 WD

2011/ 028531PCT/ US2010/ 046505

BAYM PO016W) (I Ong/nil). A second stinmulation on day 9 mﬁtﬁiﬁyggﬁpguﬂvo

t r ansf eat@ahop ®pps X spuipleecaniddsi) whd achadirtprodudble Ihetfodsett gamutagd A A-Bieedtedror
antigen-specific T cells in the culture, which are subsequently fed with

I L-2 t W dell¥fsekl y fromday 12. The specificity of the expanded TAACTL |i nes
was assessed by IFN-y ELIspot on day 16-17. Results from 2 heal thy donors
are shown in F{§2107B; Nohevi&f tuRangkoatedanddns R@ed T leGist %t&%n@(éT&?were
generated usi ng SSX2 pepm xpul sed as APCs while the right panel” shows

t he spaoiohgcthe \firef nen-virale Tgenée deedeDded: rad sherct indially t hoawnploaberipdesenic odi ng

Che gemarh S5 it RO Cind it 903t " SEisPlT ar erheh SRt

si mul t gReOUsbyn @ EXRERNT AN aleluien MRGEALSINS NWEESOLINVIESA MR LAE - Sudbiviig

DCs pulsed with a masterm x of pepm xes spanni ng SSX2, Survivin, and MAGEA4

as APC$Mashgo ¢bals 20D Lir Elepnbpst ¢1ailp E@@Qa ée eodl.,11999; yaniep al.| 3005; Ambrodig et al.,
1000V . . nven re. .Ssuc st ul o] TAA-.CTL. Wit h
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(FI G  HGferehtimpat h@ndal Yissued LH@eOeF it @dabundanttyhexppared dongtouysumgr tifiaes ane
source of antigens but cultured in the presence of , and |L15

L7, 1L12 .
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shown RPOZyMottoxi eidly 2885dlan &l dB, 2205). EXANRIxpre? simXEVERbARY nEEJRRRIIVRNT Meir
DESI GN.AND METHODS 0‘2116@ n some e_rrbgﬂj nents, neration of tunor-specific
CTL spd@finessar tand o PP ARy &c’ﬂéﬁf’éﬂa‘?fgﬁ”gré‘fo BhETGERS: i s provi ded.
One can determ ne whet her TAACTL can be expanded from subjects with

rel apsed/ refraggmny HL foena@dent iore tARRBEST: €TLhes @one ®BVRransformed
conbi nation with epigenetic pharmacot herapy. [ 0217] These

mul ti speophidbdasEil zele rivee ¢E€BLt Ave iadenavirel sherter twansdudegmumenocytes/DCs
Survel L\ Aes ASLOn JREOANSTR Lo RR T bEAEL ol BORATHLRULBBTRACHS O

. to
t he i nvention. ng exenprary ne

conpar g0 aBdliageer sQUI00ES Bolakd ePERMORRSLEIn0Fr R X AP E.eehZr RS SO EHbABWRING
by 11 aa) spanning the TAAs and (ii) TAA-encodi ng DNA plasm ds, and DCs are
APCs f &iS APPFARCAtGasRot & ted do satitsg THaaCER bsetie RY ndomdnedItiZs)s dBhor s

usi ng E%%@IA‘%H{I% gfdlle ﬁﬁl’ﬁ{lﬁ(gqg%n?cr FaS FAN 10 dEtle,G*‘ A%;ECTE en&atis fﬁsi Ijaguired the nse
mul ti TAA ohe can genetrate a nastermx 0o or re pepm xes spanni ng
t he nosf s@bdpibse peptides as a source of antigen and culture of the CTL lines in the presence of
enhancing cytokines (Foster et al., 2007; Quintarelli et al., 2008). As described below, this
process is optimized to allow the reproducible generation of TAA-CTL from patient PBMC
using DCs expressing whole antigen (pepmix or TAA-encoding plasmids, for example) as APCs

and co-culture in the presence of an optimal cytokine combination. TAA-CTL efficacy is

assessed in vitro and in vivo.

[0212]  In other cases wherein the invention is employed for cancer, it may be
utilized for head and neck tumors. Squamous cell carcinoma (SCC), which accounts for the
majority of head and neck tumors, continues to have a 5-year survival rate of 50% or less, a
figure that has remained unchanged for 4 decades (Forastiere et al., 2001; Uppaluri et al., 2008).
One potential means of improving treatment is based on our understanding of disease biology

and uses cytotoxic T lymphocytes (CTLs) as tumor directed immunotherapy.
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BAYM PO016W) frequently-expressed antigens or one can transfect DCs with
mul ti pl e wbhasniass3si nul t aneously (FIG 1C), although i nPEPES2@I@9¢650HNe can
nucl eof ect each plasm d separately and then pool the nucl eof ected DCs.
Reactivated T cells are cultured in the presence of enhan0|¢11gY@¥E8ﬂ

t hat have proven essential for the activation of TAA-specif vitro
(Foster et al. 022007, Quintppehit hat bekn,su2@9@)lly Tired ens pangte dviasldssochut@l
resti mul ated on dac}/ 9 with either TAA pepm xpul sed or transfected DCs. and
cul t ur SRplgNRIFIgS I oMY SEYdigse IdBRIUpE | qompetenh LWaHEI)tS Y ety pesitiveddedsiins ty

i's ass%?s%%é ﬁ%bce rﬁ#(’)\&u%e(ﬁaIlﬁgpéorﬁéﬂegls%staﬁeﬁqgﬁ gh(}aﬂesevéllf' at‘i tsF ‘!Vﬁh ;Q%

[0219] I n certalin enbodi ne are rea pro rom pat
PBMC, pexidtarg ulisgndey(Bohlasieerend| Re@t; éibllpmlset-cépﬁg@ﬁeMomectvherthqaynt( tungor apawlt}enﬁ S

receivi deci t abi n and HDAC inhi bitors, for .exa
et hod T T e i g e R ateAy bt Siiaent S RER ey Rrmopv e ey
certain, anmzmusth@ﬁaﬁes%c%d&rmﬁamrlfﬁtr%ﬂ o@_ﬁ&t @FIES)TmC§¢¢ SuleF ba\h%QeJ rom

both central @Zj and effector nenory 2L-) popul ations, and in
speci f ihes at@p@cqos“reitﬂt woeh IbFNE?f clamdalopwepmT h{Welyt aké eé?SXAh‘éhﬂfstei mln at986; by

cognat g ant, S 0 spe nbodl nents o .

i nvent TS(t)’n éﬂ Prll%erar‘i aéptzogr? J% 'lnfélk‘f“@ 013%%} nat P eﬁlf%ﬁ:nceasﬁsaﬂ %hﬁslflﬁentlon
nul ti Sm@ﬁbﬂ‘ uﬁedteﬂ ORI die ehldyedas, treas SEMDWVA thehdadGndlheck T Beeralt figdips @gent
i nvention_provides a reproducible technique for the manufacture of

pol ycl ¢aafirgep that SECs ﬁé@@rﬁ ilegaliged dn the pfqpba@népan@o@wr@& EHitY erpress pleeerelinor

anti ge t t a £
g R R L o
(GW) poedticlt T aall targets. Furthef,GB2 tite Dhexmpetor was bynedalty morectidespredd in those
TA-specific CTL lines in vitro and in vivo may be assessed, One can neasure

t he exydHspoRnce sies umarst(d- 190 pf .aE%lleawanHl%ﬁ%cm BROMoF2 TiAkd @ppes were
gener atceglnm}d@étg&écpﬁée&%% AL, iom\/l:gh@iredoq by, nme@@t Frmaob@ PRAGSHEYs |

speci fic cases, by weekly counting using trypan bl Ue exclusion to ensure
t hat omé, 20(8; NmnmdetmlbIZQOSprAaaimboxsufezfalcQ@%) TAA-CTL for clinical use (or,
for exanple, in a dose escal ati on study (4x107 2x108 cells/nR)). Cytolytic

function may b essed. .b lrele TAAe and
bt ol ogoue t YL S RFGEPLeT TG e RS o e Bt R S5y e
assessegdd Rithéd MOk &3 GEMTE sidet itheat @CtokBlel ha@s bioven ukdétul fzahé vb@atidNiof TAA-
INF-7, and IL-2 fromboth CD4+ and CD8+ T cells are neasured post

ant i genbecifie Cﬂn igpiiten (FiReddd-dFHg 14nhdesrifersdsPledings shomdes pimulgnensss spedikeibd
t hat TAbY t% or' ﬁg&gﬁh gnsarﬁlcﬁ Ihn!es 54 strtaérsgg%lﬁc TaQtl\yll:é; z{ag%ipqsg @gé%éaagd;/sﬁ%&ga[f

acti vi ty 1n a ressi ng xenograft
anti - t DO A 8HE3T LeMCoZPAAMORABSBLRC eis2ht)/dP4O5CTLs is closely associated
BAYM POQ16W) activity of TAA-CTL is assessed as a npnot herapy, one can

char act™dth #& V\’/WePﬁfélrS%/eéléﬁ udKt ithICEYIB oMBPHE (R thaAnEstion: i8I ehdls Capnks apy
auQrTentg%nétﬁa]\#/ ¥Rafdd dtB gﬁﬂa C% Beadh lv%o%%bﬁ%ﬂﬁ)eﬁm L. EOE X aftipld, Iﬂﬁnor CTL

i nventi-on e expande s retain specificity and activity against all
of t he cat ibeutratsingdanithge Mnmnneﬁgu redptoy (FlGawl Dy tlenmatmsgenic A7y rekptopad |

\6/1 :1 ? r gy WHXlongl tﬁgrgi@/(l%IGfl%’) an)él t se tumor 8T£ rr]n(;"angall-ljﬁ t¥1vf|:1|r Llntll(éelnlspemggty ﬁégﬁ)s in

EXAMPLE 1

GENERATION OF TAA-SPECIFIC CTL FROM HEALTHY DONORS USING
PEPMIX-PULSED OR TAA-EXPRESSING AS APCS

[0215] Production of TA-specific CTL from healthy donors. TAA pepmix-pulsed
or plasmid transfected DCs were used to reactivate tumor antigen-specific T cells at a 10:1 ratio

(FIG. 1A). PBMCs were cultured in the presence of IL7 (10ng/ml), IL12 (10ng/ml) and IL15
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in vivo. [0223] The inventors consistently achieve 20-40 fold
expansi on of TAA-CTL over an exenplary 16 day culture period. However, if
expansi orwpD0u/2831 em one can enploy 1L2 instead of | LPET/GsR010/04650Y
augnent proliferation without |oss of antigen specificity (Quintarelli et
al ., 2007). In sone enbodinents, tunor cells may activate
anti-apoptotic/survival pathways (e.g. bcl-2) and consequerﬁéy%go?]e%vivg ant
t o CTL (KinkinilngA Shend etisbiatiow@auday 9 twikls pldskéd Yrahdfedied/pairhixauled DCs with

i nconpl ete, and one can overcone this by infusing CTL with specificity for
mul t i plRedifipp | YeHs /r wetidplataiathe) iU tieRn-spsrdfice Takeliydh By euitniecivhych are
Furt her,,d t@i Ryigrpodi t i i L ey I i

ther apy S e e ace Ty Brrbre dhal B B Bl dn R piER s

i nhi bi t@IIs Jineawabeswsed Wy [IEfyaRcBpbothen dny i16uliToRes@spinse? hexlgngptaiors BNA

met hyl transferase inhibitors include, for exanple, 5-azacytidine .

5- aza- showe kI Ritheeleftnanek shows Il srerificy 08 ¢ 1ins gsperaled dsing &> SaRdpepmix-

di hydr o; k- i, di - i oi ﬁl:‘ft'sx u ' hds,
such a u?? ?c oi%gtéﬁ@%“@éggﬁ%?q% ett agesw egﬁe%%egk a gfrsg%l%r gé%?a,tg%%ésghe
depsi pephifdesd widna phisded eneddieg Sopiivihias Kefrones.; Taodtimiee tei(@Hatgeceragond

conmpounds sych enyl but yr at d..val proic acid. [0224].The conbinatjon
sl RO S e T RS T e R
with lisihbieded @y, ditt¥rehO cRYRIMBNDEILIRIBAN Sverd iveSiXaad. stiliég" DRRegIfddCwith a

enbodi nents of t'he invention. The present invention nmay be adm nistered
ei t her medstemaixopf pepraigabbpraningrS A2, Suwpivie ned IMA piiayhac 0PRer aiplycd-orltured in

ant - gont PRor BT e Gl 6 B8 AP TRl RA e R R Rubo BV P e o

t unor - agsaeteat £A-@DL iviieNSimultaneous spedifldidp hgdifist SONMBr&HOe Ridt8atii Adt@ens
invention, the pattern of TAA expression in SCC bi opsy sanples is

i nvest i(G%t-ef)- TaportspslipCELtasnerated HTqms hersmcesgios 888 ANG FNSORUSFONsINtENDI es
by 'RCb%PQﬂB;{édDﬁ}'?he %s&%&%%?;[ﬁf %PT?} EiCiEﬂ% ﬁfb%uff@cf‘m@fl‘@s&)x&ﬁc Tdﬂi’“ﬂ)c!iﬁecire{doa@a%)st

di fferent patient gtoups; 1) patients w carcinoma’rn situ or ,
T2-3, @&8K2, ithys Témokdtasiag fthe dtriportande 80 bPBhddngl BAMB antigen source and cytokine
2011/ 028531PCT/ US2010/ 046505 , R , o

BAYM PGOTEWI PR §rdupdli generdepebempultspecilicol Thi veisr Brietional g vitro, as
(gradi @ggwnbyg*ggt&qgg Ejsghléﬁth:‘f@j’g[’lt, met astasis, or location of primary tunor
(oral cavity; hypopharynX, l[arynx, etc.) as studies have shown that TAA
expression only correlates with |ocal dissem nation (Figueiredo et al.,
2006; Ries et al., 2008). (One can HXAMPEE2D sanpl es/ group, for exanple.
The expression of TAA antigens is nmeasured (including but not limted to

MAGE-1, 2, 3, 4, , ~ ~heand Survivin,
for exanple) in @%ﬁ%&%@ﬁ$ﬁé@ﬁﬁ?ﬁ@?@m i des may be
graded by an independent histologist using 2 criteria, in certain

enbodi nents, ([0216Unbeln edmpasitdditeerts! ¢ememunion (ofi jumontspasfié YCHIE spedifig€or
expressign.. [0226] Expression is detected of ~at |east one TAAin a majority
of t he yatiPledymehempi-associateddargst pntigeny s geyided. dPNeIFYs deemins gvhethes d Ady
certai a i (] : i ] 171037 : %M I

ot cot oo 3t SrpRRELTIIER il afuEhar by el dpy SRE TR Soptpe SRR Hishl

hi er ar alyneios idedmbiedion with e@gpetit phanbobthefapggquency and i ntensity of TAA
expression. Prior studies indicate that the majority of tunors are positive

for MAGEL or 3 MVE . has been found. in approxiyately 40% and NY-ESO-1 in
round 10% (i M o 3pes Mot g BT TP RRRS CLERLTE h osier o ine
2008; MhhveaRgtdekiofimech&88s withbé Aithinfiedaln par@Qa;aspcanerakOMmivent®in, al .
2006). Those that are the nost frequently expressed antigens may be

utilized as stimulators for CTL generation, in certain aspects of the
i nvention. [0218] | Rezaydinghexgyeiay| Betdad sHIbRdmats, (He G3R FPMPareo? amEgen

expressj I.n: iens 25 1S I . nd\it 1 r her
these. TRRCThadeP s F kBl ) Shhel o b iEDy AR shalinfBRCERAS I E) T
speci f ITAA¥nesting DINA pmafs, haudDCspe APdscdfoCtimbilatiomiBtudipd ehoSGRF AAAATL S
det erm ned whet her TAA-CTL can he expanded from subjects with SCC of the
HEN  or2CRGIRGH droay BEAlhy elopprs rsmgrbotioniiges sopices %regﬁﬂw & E1GAB-EPr sGRrpting

si ngl e ANGTAANCTREGhd k&l to¥ndid § HRLLGRS GRM rm%écgéﬁn%xg LpdrnffS e tfdse
specificity directed agai'nst multiple frequently-expressed %AAS. These

mul ti TAA-specific CTL are nore effective in vivo, in specific enbodi nents
of theoduswenti on, because they mnim ze tunor inmune evasi on nedi ated by
antigen | oss variants. [ 0228] 56 n exenpl ary net hods, one can obtain
40-50 mM of patient blood that is a source of APCs and responder T cells.

Bl ood may be collected fromnew y diagnosed patients in the same 3 groups
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BAYM PO016W) TAAs and (ii) TAA-encodi ng DNA plasm ds. Patient DCs are

pr epar ed Wonostta2gastiat i on. For generating rnul ti TAA- CTL aPGRAISRIGI0%650S
generated of 3 or nore pepm xes spanning the nost frequently-expressed
antigens, or one can transfect DCs with multiple plasmds sj

(Gerdemann et al., 2009). Reactivated T cells are cul tured%ﬁ%@ﬁf@ggce
of | L- TreqhdntlyZexpkdssékbantigeds bt ond camtramsféaiDC < asthsmulsiplecigadnhies 8intyltankosbs

have proven essential for the activation of TAAspecific CIL in vitro (Leen
et al . (FEOOE). pvueh instomg caseporprcaniichofick Fagh o scpaggfglg)and then pool the

[ 0229] ng %o%ét@ﬁ'ﬁ@sd lfe%!f;tllvsatéﬁa’y c@ﬁs ﬁl%séu'ltﬂ'{@daihqg ?\A&tsﬂ% 0? e%arg %Jgglﬁggf@flt

pepm xpul se nucl eof ected DCs and culture
| L-2 (5Ol Iprcjly)snfﬂ'seﬂntldhj?orlme «Clivateorp ah JiAok-spavifio/ ICABI §n n/yrcal(l?easazss@sdecﬂom

kly, f | bl u | usi
Fout | e ce SRPPY aheKErhdsd S FE s ErtTedoT 060 Sa Fbe” R aniberivn a
dose esgRbabl eanﬁéddéinC%&@zuRa%@&laeﬂL7séﬁa'zbwmé\weaﬂ 3pst {%uj/a |81 day 12,

cytolytic function are assessed by Cr51 rel ease assay using T expreSS| ng
APCs aigetifidityrstasteestd3QTFNeY ELIspnes) d Kudhschsmi8Os 2hows@ BIG.HMEC, BHY and
HN23; 24 as targets, for exanple. Cytoki ne production is assessed by FACS.

moasurod post AR honi (% IS PO H25bFA T diehl oteRoiop oty

devel opgit OpHeARLH &o@@&d&k@ﬂ@bst%ﬁédm&?&heﬁﬁ? aiéhtl FecSiRTA dERRASind Snd
predom nantly CD8+ and contains both central CD6 L+) and effector nenory

( C%ZLHDACc@hlbstoesn domexampleod e eepredurile maetbech éy prmlldeéy@ogﬁm&e ppbyclonal
exanpl ?ﬂul 1S ec1f1& g%%ﬁ:fﬁ" I?dwltﬁXh %P9 r%%tﬁ CI%B%(hlgl ‘ssa)re Breﬁg na%ﬁ”%eiﬁjsﬁl&ds con? dg ITn

speci ficl yagai nst F&tdn gen as neasure

flow IcEMN a&weapfmm b centtaD{ ORLELA Y arfts 8yt s) memBryPelDEIIU) popdap@s] snd i 1n
[0231] If not all tunor antigens are equivalently inmunogenic and there is
ant i genpeciiionipets pragucaHaNy (cgaee other Ehlewitakiings) yhag amrneltatﬂﬁgawegnaﬁ ARGRERE) over

mul ti ple rounds of stinulation, one can use an optim zed cytokine

conbi nation to [(?Zgla' Ih thf &hé S efg‘Ae}l&%)Eeb)L hé\}[ﬁg an oﬁ)g‘{gﬁ%ﬁﬂ C%&ljl

t hat there woul poo proI era Ion o

i nvent ebmbimrish sheoin yustdhinuesp20iidQy fudthin ehephimnsi anstafwnTAAFIGTL OV Ehus tHd
day culture period. If there is a proliferation problem one can substitute
| L15 f GFespRtanvesitip@rqyides mr%}u@wcwc&q fpéFlamewf%tlfrﬁeétpowskoealo@%mwhgen

fi T 0
speci f g gécgﬂ'clgy/ gﬂ?gﬁl\lltgéle aégltOE\/a Q@t}nn Iniul%ﬂ@ iy o él@l%&llss Bfeké YRl Rodologies are

ant i apopt ot | cl-2 onsequently are Tesistant
t o CTL akichhblagp dlinidag st:alkeipy tteoadse thea;r eimgoloyo pratomodsaetags tanslatablestongeddd be
over cone b |nfu5|n é peC|f|C|ty for multiple antigens rather than
| i nes \ﬂlacnﬁ IR Fcé Mﬁg PEU I ty, for exanple. 90148443.1 WO

2011/ 028531PCT/ US2010/ 046505 BAYM PO016W) EXAMPLE 3 ADM NI STRATI ON OF

TUMOR- ASSOCI ATE§22ANT! ﬁEé\ls;(eIﬁ‘é)ty 2RE Ghkdtion Y TALPHEicTE TY NSO TS ddd RARENTS
W TH ACTI VE OR RELAPSED
may be assessed. One can measure the expansion, as well as the specificity and function, of

TAA-CTL generated as described herein. In vitro - CTL expansion may be assessed, in specific
cases, by weekly counting using trypan blue exclusion to ensure that one can reproducibly
produce sufficient TAA-CTL for clinical use (or, for example, in a dose escalation study (4x10’-
2x10° cells/m?)). Cytolytic function may be assessed by Cr'' release assay using TAA-
expressing APCs and autologous tumor as targets, for example. Cytokine producing ability may
be assessed by fluorescence-activated cell sorting. Intracellular TNF-o, INF-y, and IL-2 from
both CD4+ and CD8+ T cells are measured post antigenic-stimulation. Regarding in vivo
aspects, once it is established that TAA-CTL recognize and kill tumor targets in vitro, one can

validate activity in a TAA-expressing xenograft model, for example. Once the anti-tumor
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HODGKIN' S OR NON- HODGKI N' S LYMPHOVA [ 0232] The present exanple
consi ders exenpl ary enbodi nents for adm nistration of TAA-specific CTLs for
i ndi vi duaWwe 20ittd2833¢t i ve or rel apsed Hodgki n or non- HodgkCh/usgoenoloessas

al though the skilled artisan recogni zes that these practices can be applied
to and/or adapted to any other types of cancer. in
enbodi nents, the present invention concerns injections (sugﬁ§g§lb60ﬁﬁ&hﬁ

i nt r aveokis) oDTA@HCﬂTLQgQBIﬁSQﬂ Bld ngeodeapydresp@cithiactetibt SvHether Reduehdaldl s
wi th Hodgkin's é» % non- degkln s | ynphoma (NHL | munot her apy usi ng
EBV- sp&EPiing Tady %rLf“GF HRREAGHC rhlsfraawu&ments in vivo effiqagp34] EBV is
associated with HL and NHL i n i nmunoconpetent patients and in these cases,
the tumor cell $o29presg bml€ﬁapfenﬁ>€9ﬁ&§en%ooﬁ%é/ ﬁﬂv@htl@}f‘tthgee@ﬁand-gg QB i Bage
the antigenic targeting of CTLs directed agai nst HL/NHL i n" i mmunoconpet ent
subj ectsgecifidiey amlyagtivaty saghagtealpoé pheer @dm@mlug witigsas spewiafured foy floers cgiiormetyed

Si no. dENORPERRS ot & Beey na e esvinde (v AN Phadhrrdt ey dnd

overexpyess LMPL and LMP2 to reactivate and expand LMP-specific CTLs from
patients or their HLA-matched all ogenei c donors. The LMP antigens were
expressed from an adenoviral vector. The clinical results were inpressive,
and 16 of 17 p&@223ht sTheripensals icmsisémtbfsaCbicvngOMithlclrfiX@Rnﬂi@l pehaiArnedLioyer
rem ssi gn ati entg 13118 actd rel apsed q)rksease

d
Feaponsbere e b a3yl SRR HabBede tf S ebfo L E S ET EE PR Empt TR gsy

negat i \mstéawmhnmsmadmayaugmbntqirblgﬂeMtlenfvﬁﬂquBMsﬁaﬂ argigen smﬁﬁdiuyq@iuﬁ@lelns
Adoptive inmunotherapy for EBV-ve HL and NHL [0235] One of the chall enges of
adopt i veal.mAot hepapy emEpdimsentsy furaer @Hﬁ@wsacrﬂéﬁﬁauaﬁg appetofiglawyival pathways of

Speci i PRPIABRTRAPERR] bETLARER30 F1F TG SIATP bl R IS AR, €, 0F

col I at @aﬂial da[mgmplew cint rons @Ak oeasesie ey blyenﬁsmgr(tTIa Iw1fmsfpetllﬁ1e1tyrﬁdnmhen‘@ﬂm e
of the oncogeni c phenotype of the tunor. However, the majority i gens
do not HBERIStRESE B (WEY Vi cHigke aptiesp apsSiiey- Fugbes 4p § f‘ytaﬁw@ﬁ %ﬂ%

uni quel, t t r
o0 190a 4RI AGS T, M aBHE SHaC et AL CIDRA! hRANAARa® ARRIGR andior

BAYM P(hﬁ}sl@mﬂdeaxqmylesesmmmnrsm onmb¢ usdl th enbande slgpaamisamevhiesponper Epdreplaty DNédod T
cells are tol erized ete However ti ens that are essent. al

Fnor - ST G A e i BRRT PETk AT e SEACEREN e Bk 2 Bt SERE B LBt of
tunor  anhi@RRsureXdyES28skykitl ghhydihtymts Tam rigigRe NH@Mplary NHH AN BhRHOLES
the inportance of identifying appropriiate antigens that are not expressed

or poonhgudexiydeeatic apidpotushlas tichostetn dvidyelic tﬁpttapmtziﬁﬁ@uéb |a|s tr@m)tlmﬂ?é and

condltlon for t ec [ ctlon v hani.sns
That - ol ERo e bR Rear gyl b R RCTr bEr TR PR ana

T cel | phempub@gerd Gidtwalproic acid.

[0224]  The combination of demethylating agents with TAA-CTL offers highly
targeted tumor killing with limited toxicity to bystander organs, for example, in specific
embodiments of the invention. The present invention may be administered either alone or in
combination with epigenetic pharmacotherapy for the treatment of cancers, including those that
express tumor-associated antigens, for example hematological solid malignancies that express

tumor-associated antigens.

[0225] In some embodiments of the invention, the pattern of TAA expression in
SCC biopsy samples is investigated, for example to establish TAA expression in SCC biopsy
samples by IRC and RT-PCR. By exemplary methods, one can analyze tumors from 3 different

patient groups; i) patients with carcinoma in situ or TI, i1) T2-3, and iii) T4. Classification of
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[ 0236] Tunor associ ated antigens (TAA) can be classified into four main
groups based on their expression and tissue distribution: [0237] (1) Unique
anti gens Wo.2g11/aekMM 1) result from single nutations that pPaTASRamME658Hd
patient specific and therefore are only expressed in neoplastic cells. They
are often considered ideal for imrunotherapy since tunor cgl%é§%ﬁga o
specifically targeted w thout destroying nearby normal tis ? ey my
be rel alidsvegrpusd iongdepaidegens. tudmrediéferenietau S gratiingy, dmeptalnsde Usuahénfent,
patient-specific, the identification of the nmutated gene and then the

gener atT#rtasts: 8k l9cAURN, PlaRFAN Y dHMeT (Orak Geyif¥t hstpapg'fg@/mﬁgartyr% §lgeAt ppslisg have
anti genpbgn tﬁllﬁ hfﬂ%'e%ﬁ%ssi@ﬂ%nf}pé&rélﬁgzﬁ Q3thViBeal disseminatiofnq%?g%]:irédol %t &QQO‘@@?" ed
| i neage-restricted antigens, "expressed on nelanonma cell'sas well as their
nor mal Rieseud.,d¥008).i Qhancars acihyzzs2VRTpleggd0p, for eiveinale: AThe hggessamt 0GEAL ar e

enabl | AGORRS Temeruraranchiting B o Jalpide KGR Ener -4 PASCESH W i
tunor - 3geoi PR MEC Riv-BSOLIoMdNGal vty tdeBRnspIaNg habdyedipldd ﬁslfhngi)&hlrIﬂlC hitd

vitro mani pul ati on. However, T cell nediated destruction of normnal '
mel anodyk-BERhAHCr dislas sy ben graded by o imdepeadentdystotpgisamsiapd systianinccertain

aut oi muRi ty in tients treated wt | anona- cific CTL or TILs.
0207 creey il Bahb B or SR Pelt ) (EATS TP REREL FS ot ant i gens

[ CTA] - MAGE, BAGE, GAGE, NY-ESO 1, SSX, PRAME) are expressed in multiple
tunors but not [6226healBxpyescivgansetcided bf tdhgeBK 0/PITNIAN iDfa MEjority b éhet pRizHes
that are immune privileged and therefore not susceptible tog T cell attack.
CTAs ardmplst iFgrrectyget deares ofcdipyminitipne andhBseer@iincases frdutisry vath Bt P&Cge
scal e BV . i i N rj ety bl

e R ABPLo AR AR s o0k 0 0RL lnBB Sh ol efEe,
evi dene0®X Achierirdal isefefinedeyth Bgib48ARA fref@ R lahd AR8HSHRETT AB26pd¢s0ib6505

BAYM PQO16VWD . . . 0240] (1 The | att ) t] t
oot ex P e S indisal M e Sty Rrer bt pasiede MR GEF P RV e
heal t holrcSRUBplcRirtateh TRRT and 29O SHratditandos: TRRldisell Al 9802 it Ritkhose

antigens carry the risk of inducing some collateral damage to nor na
ti ssuesil.caebpritiss si ng 2008; Moliaggh ¢reqly. 2008AMmmdnher all 20815} iAdanackyic kelid.um) ,

and th isdimted clinic dat a avai |l ahl e .regar di .he saf et f
Far get ohiok nEkE U et BT re b8 R RY SR GRORR Pkt EaR Pt
cel I's hanMegdiraiohsial Rftgid afslls&f@dfhﬁ‘e peentpdier al bl ood of patients who have
cleared their tunors, and increases in Survivin-specific T cells in
patients receivi n% oncol ytic viruses have been reported suggesti Egit_hat
they can have &#3%/¢acy sRPeifieambpgirreats: (e pofilstafhitd expresdeon in HSASE bepapy
target g ik obtainf(:jd and Jt%ggé(ir]:sslﬁ %lelhef {Hgyé"?kg%lﬁﬁ)de%aétﬂre T YA (/ﬁilo. Lomr
antigen BVe been describe , wmth promsing clinrcal results in some

st udi esan Roseabeind ands ¢lad beadictts anddfondtee dfh@inor-npecsiio CTaf for multiple SCC-

mel anong-specific tunpr-infiltrating |ynphocyt TI Ls) taoge r . wth

hi gh- d@e‘\@ ﬁtléfl‘?téﬁ‘%ﬁgﬁ) yhether “éf}ApJFB{a arhe @fﬁ%ﬁflefgﬁsmﬁ%é&_hﬁﬁ@ adth #ﬁ&i&éﬁw%{ ely
35% of f&%&&@taé?‘?ﬂv"e Rl B RABRLA (TR %ﬁ@ﬁ% TAREC PRSI difgd1d ){nt?gents?;@ciﬁ&iy%ﬁﬂ
cells was not analyzed but it is likely that they tardgeted mTultiple

epi t opelsent onprcamssaviiated @hl.i hesswithbspecipictyi dieagdr asunist snwlgple frequently-
subsequent | y achi.ev usi ng,..a ,nodi fied eat ment protocol .whi.ch . -
noor pRBERTIa T AV HOWSE BTG A R RS By (GO (5 cere RTERIGn " i ‘or e Pieii

| MPr ovenitdginfhikA B It iR IHE BdcalRNEG8y GhinddRPR! fuMRl YintniidR Sé e dmedhded - by

Ni nety three patients with netastatic nelanoma refractory to standard

t her apiasdgandess ¥asignisrmunodepl eti ng chenot herapy -/+ total body irradiation
foll owed by the adoptive transfer of highly selected, TIL-derived,
tunor-reactive |1 i gh- : 0 / -

tol erance). Fi 1[({(2;/2% T vvoﬁlo%& éérggn %g(?cﬁéh{res gﬂg%&%gj Lg%)?(?-\?}é Oléﬁllaﬁlelgghkgo?ie%%toﬁsaes

t o treatweadblf ABOs BRI rekgods) T delel Bibod gndyagr@dlsétod frofm heavlgeidgubdeyd patiems &
However, the collection (ff ut ol ogous TILs | ssi ble for nost tunors.

not .
Fur t her(fbPEng ReSPRPS/ it AR B3P atisq 8 b5t lileé?l_ﬁe(TiruF%ér 320 ring e s fieee
cells (rﬁa]tcgﬁﬁ’g 6 tulndr Sn@ bERARE X t&%ﬂ@iﬁﬁ@ﬁt’s.\/ EoP Y one can compare and also

utilize two antigen sources: (i) pepmixes (for example, 15mers overlapping by 1l aa) spanning the
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[ 0242] The sane group also infused T cell clones directed targeting a single
epitope in the nel anoma-associ ated antigen, gpl00 +/-1L-2 but reported poor
clinical wozporeesl with only one minor response and on@CriUsedofesspdnse,
and showed that the cells failed to engraft or persist in vivo. This

hi ghlights the inportance of targeting multiple epitopes/ant|

produce optimal clinical results. Devel oping an adoptive i %gﬁﬁgﬁg‘%@&l C
appr oadM A aid ¢at TEBVenm@dhlg BN NHsm9B1 $8443. RCWare prepared for stimulation. For
2011/ 028531PCT/ US2010/ 046505 BAYM P0016WD [ 0243] Choosi hg TAA
expr es SEEFPINHMUBHA NG TL Frieaststmgx isngenpxgesdiof pRAMere REREEXAYSRRABINSSHO mesk
expres LU 0 I : 8. addi t i

S vi v o o ‘B pl e Gl fpoust
cancer (Patdesnans eanld 2069). Reyctdatedrk c¢lRi saceiured imathe pr00@) of ITHE IEx; Hs4bon

of these t antigens in H_ and and their evide i munogeni cj make
Chem USBf B~ § Hr GRELT TR GRS (B AH9F TP ARDSTRIZ)I7 GBS IREARSIgh uplLor A

I nvent isphifi@CTRAn SRRLU ML AR RO FRRRE kA 41C 20075 &b iStatedl 864, agosgtsll tiple
antigens for all patients can be generated. [ 0244] a neans of
stinmulating T cells one can use clinically aﬁ)pl i cabl e peptide m xtures

(pepni xes) t hal028hprihsexpinsied sxBspiap be 1ephEtulaieden des? siidrdihphi Ad papmiy-

am no acj i ' - Vi P

and eaEhSE o RRNY B8 SRl EhEy BERMETET, X e ek Bl (DU iy SV 127
epi t opeEsTIobxgacidonpindt Glbilityl he: PSPIeX fcellye fPOOk®ahI1E by Tryped Ibht éxtllsédn an so
that T cells with specificity for nultiple eé)i topes. fromall their antigens
can be SprBE e As FoTAinclyaPdiesubicieas ok Clle ardiniak uss of Hyigxampl in 2
phenot ype. es§519ﬁ&1c%?£y gl%gy\—gé?a&elﬂ ) ARS: ?‘gtﬁnﬂigti@ﬂgl, BoRtt GhckiBn laﬁe?ﬁ%&sed n

sone cases bot T cell's are acti vat ed. neration
t unor - :bpeﬁilis ¥ radeaST bssagiwsingDO8 AascpARGag APCs and HL[AG24Ehed 3CAU délt lioes, tsoch as

choosi e j ant j or T cell _stinulation, .the inventors
oS Rt KR Rl Aohd BR b Tyt Lo TG |Gl BN &
anti gens RLeI Y AGS Salrh& 1l ANH-§NINFy, ShA S 2 FREY MV AL 1 £PE DI 8d11sQRayAnd
cytokines (e.g. IL-12) which drive T cell differentiation along the

appr opibeatcaswtd pottantigatidisviyulaficd./ Thl) . Generation of TAA-specific CIL
usi ng Thl-pol arizing/pro-proliferative cytokines [ 0246] The

i nventors and s have shown t ha ffective induction of cellular

ant -t unor 1 iR} al e m B gRh i B R 4B S RRP B, BB g
cyt oki geq., JWkitRlin $B&ei dak& it si8ldriinhs®) &oRd idoBMNAl Boll 89&aP(CDYPDE) BADPSY
sanples are often anergized/tolerized, with poor proliferative

capabi leifectes meorpUdpcdme Ttdells and wilt produee Ny (RepetheuElayyokpres dige example)
tunor-specific CTL lines with.nulti:antigen specificity one.can supplenment
the. CTOTED SR UE foh Coslfe ARGV 186 pancdl €Tk Eirky sRegigipn aShagivile
cases) ohihsthRe LifmQAIRDMGRATR GRALRIBRKE NEN-MIIGH RIS REScily S84 (s), i

t ol erarﬁ%e1 Sé)f ft:urrt)r-dsi,ﬁ:é)%ci%@c CTL vvithg%ﬁ promt%gélbreg gr owmt hc;:l}iL- 7’)(8) -

i mpr ovesrtichkr sspevisval of naive, nmenory and activated tunor-specific T
cells; I1L-12, is a Thl/Tc 1 polarizing cytokine that acts in an

SRR N W G e S TN R SR
antigenic competition and loss of specificity against weaker antigens over multiple rounds of
stimulation, one can use an optimized cytokine combination to sustain multispecificity within the
lines. It is doubtful that there would be poor proliferation of TAA-CTL in vitro, as the inventors
consistently achieve 20-40 fold expansion of TAA-CTL over a 16 day culture period. If there is a
proliferation problem, one can substitute ILI5 for IL2, since ILI5 may augment proliferation
without loss of antigen specificity (Teague et al, 2006). If the tumor cells activate anti-
apoptotic/survival pathways (e.g. bcl-2) and consequently are resistant to CTL killing, it is likely
to be partial or incomplete, and this would be overcome by infusing CTL with specificity for

multiple antigens rather than lines with single antigen specificity, for example.
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WO 2011/ 028531PCT/ US2010/ 046505

BAYM PO016W) cells. 1L-6 also benefits TAA CIL generation, as it can skew
nai ve CDAWOeoMRFS3T cells while preventing Treg formati @0T/US20M0/08¢50DN Of
tunor-specific CTL using an optim zed culture device [ 0247]
Currently CTLs are manufactured by progressive expansion i bhj
tissue-culture treated 24-well plates, using weekly resti n%‘%?ﬁghbwb
antigen expressed on anti gen-preseEXAMPE#H 3s. This systemis | abor
intensive, requires skilled technologists and is difficult to scale.

nutriont 1 SELCSTA TR T ARtk SRSl APeb AR EN G SELTERC 1 cant
cel | deaidypgriodac PaL eXIare CATIRS TPPA TYENTS WITH ABHIVE ORTRELAPRED
increases with the nunber of plates that are manipulated. Efforts to

substitute the cl oseHOBGHKIALS OBNINALODGCKINSdEMIHEOMA e Wi del y used in
other types of clinical cell culture systens have failed for the production

of antigen-specgisi totoxic T cells. .The resultant, T.cell .product has
been ef ther - nof0Fahct TSRl <Rufifs saydig oLttty hndhufn ff Qi
embodi BENTAA-ebifly 0T$.s PRIE NBaRidalsaplith axPansi aBlagesd ¢RdEKkmReX )nohH&IERIOYed
that dranmati cal | }; reduces T cell apoptosis during culture, resulting in
nore eflynEhr. althpughsthe skillsd\arisan reeaggizes Shpse potires @idecmplisdity agdeir s
across nEahl ik menbrane at the base of the flask,

pr eventala%‘ggcﬁtyogagl;'i a \Aﬁgﬁ%(}gk%@g\f'ng a greater depth of nedi um above the
cells, providing nore nutrients and diluting waste products. These culture
conditions all (R3he htabhm aabddimedhts, thepesadtinvamsios serprermsainjdcoonsTGFlch as

production to proceed unencunbere hysi di sryuptians,  reducin

Pechn; P eI RBOLTGoIO8I S oraloPas SRR b onn Byt Bl i Itk S L
accel er@hbﬂmo@hnmg%%ﬁ%gmﬁg);i me >2 fold without affecting the phenotype
or function of "the s (Vera et al., 2010). [0249] In the event
that the infusion of T cells targeti ng self antigens expressed in nornal

t i ssue ImmanreatberapyiunsingdaB¥tspegificdseptlsder BBY+ve Afluand can adnmini ster
steroids to ef a | i -]Fﬁﬁ gmﬂ y
rapi dly and ef i@%?ﬂveﬁ%vgéﬁ?sp or id%k e%@s@%@bg@%&%?f%. affentt Qﬁ-}{ ggSO]
Pat i enttisesaaynsdse tha edrhiote delisnetpresssthirgyotiabarti WedBheirel antigeat. Maveptimize the

di agnosi s of Hodgki n' r. nop- Hodgkin's L homa and that have active

di seasé‘n%enil‘h t*f‘rég%‘fzﬁsg?oﬁ%%? FCQFECt& t%ﬂaﬁﬁbﬁﬂ)ﬁ}{%yﬁg%@%@@@e&m aﬁ‘g@?ts’ the

al | ogengienopChavd Ef‘%a 3V§T 1§ fahoS @g&ﬂf%f Ywas @ir@ﬁ@&%wﬁrﬁ?&h&ﬁ}f& xemplary)
Kar nof sky/ Lansky score of > 50; that aré H'V negative at tine o

pr ocur erpmrsse(li Virdutmigegoly pepaogilly upagi dendrinosceellse(IMCY) mehdhénv &BV-LLIpost

g‘ :) lli? 8 %g%fgfglg{ fl&n@‘%%g ?oggfgegég)rfl:ses SEM?’? 1a£111§4l_€11\:7)lP% tg\Qeactivate and expand LMP-specific

BAYM PQROMHGEoh haferOdk Gen ML A M AiEHed 2MbdheR ddhOFs. TBE MR h@ighl QR Siprdigste
marrow, that have bilirubin <3x normal, AST <5x nornal, and Hgb >8.0; that

have ciftom pmpdenoxzgl yestaralhd glniead aesulth aiterh uvressevn aed 16 of Aépatients treated in
i nvesti_gati.gnal. t.hera or._aone . .nont h.prior .t i.n_the,stydy; that
nave bOBTHPE o ERER AR e RIEARy FarRi al, PN Ebal el DB b e,

this stdisdyse It tugiok Sespoiscexdbueiad, HTG0 df ave paevey efdrridab Ghe kwbies haieEBVON,
who are H V positive, and have GVHD > Grade Il. Exenplary Protocol Bl ood
Pr ocur @fgHtveflpppiomasid asmeetglaibyy s ERY ayiggaispeqifapEcelener at i on

[ 0251] Generation of tunor-specific CTL lines requires the generation of
sever al £ d rj | bl ood nononucl ear cells

( PBMO) A@%ﬁ%@%@@%@@%ﬁ ey;)‘;\;gelgﬁfdrngml’ﬁﬁpgti ent (or donor) peripheral

bl ood T cells, [#3353ti freatli dn chiatléngantof gdoptpreesemuiotaeram for oAR@s) cpudesed

with a mastern x, of . m xe f.or. exanpl e) .spanni.ng t exenpl ar )
o SEBR0T W e Rip RNt Shabd T inEATRE & R R Behgatie ST i diggtipens
(al t houygbul@teespdcimlly anti @anssARde RN N Qforn®Yls e aawl ey @it cditReral
initial stimulation is perforned in the presence of the

Thi / pr damegs.iang ép 491 easey Ml heeas sangialefor dgkinainggnaycezof the ongogenic_phgnotypiof |6
and cel i1 ded.in t ence .o ' ' r

ebod o S R IRy o EaBb SR Ry e il PEBGAB By e
cel | s aeesstahdricolantigels anideélyvedsdnk dm q@atére odllsnbimo rutiedreattigerd ltisat are also
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[ 0252] For CTL generation, one can either use an nononucl ear cell-apheresis
col l ection procedure (for patients with ALCs <500) or one can request a
maxi nrum bwoaediidrssgiof 100 nml peri pheral blood x 2 for aPCOSROEXESHEIM

vol une of 200 m, for exanple. Blood may be collected fromthe patient or

the allogeneic stemcell donor (subjects nust be at | east g

pounds). For donors or patients <18 years a maxi num of 3mlilﬁﬁ %ngﬁﬁ?’?
t aken ierp@bsed inamkmplecdliechnd Rgainghehith feripherairblvod UL celdy aleetbleslzédDBNﬂ‘éleaﬂe
separated from whol e bl ood usi n ficoll gradients. T cells and

monocy tHEOWFEFT Ritecae ARAtiarg esse@lq s PPecAic B%V%P‘%eﬁalfi@&lffqdo% fipgspedobelow,
cr yopr %ﬁ?{h\é qugﬁl\@m{q kés's&f@ hﬁg-hﬁ’%unﬁb?Q%ef ébeﬁafén 'm@&&&%&@)@hmke

by cu re of PBMC-de |ve nonocyt €s I'nes
f ol | owenlpbryanratafridéntgpingi atplprcq;)rmteaald@eds D@t rmedt uoatxmcsscd)okmaoﬂy (ekpres@d drL6,
TNFcc and PGE2, a exa se mature dendritic c are pul sed for
3060 HOHE G HeS i R 1P SRS iain gL i be A b iov: i
PRAME, qBdon¥ 1kSRednagidaht tﬁmgtasmlTbaﬁio1&9&@eagalh§¢t‘1saﬁ gfiigeAch peptide i's
50ng/ t ube. Subsequently the DCs are washed onCe and used to stinmulate

PBMC- derived T 90148443.1 WO 2011/ 028531PCT/ US2010/ 046505
BAYM Pd0meespantigens and Ti ¢ell ipypwrogenicily a T cel | activating cocktail, |L-7,

I L15, 1L12 and a 2 St r [ ¢

DCs are prepar géiés-fﬁ ?omhé gﬁg@g%g{%%gpg%,: %Aagn%&l b%e&%sS&lg Iiﬂgtogg{ér glrnl %I%gbfrom
20 t o Masedlonctheibkgodssidnoandeauwgpdigtribution: [ 0254] To expand the
tunor-specific T cells one can use pepm x-pul sed DCs for the second and

b t sti [ d cell. | d f LL-2. At
east 100 x 108ghondD R dnref & ¢ it Grerd: BoR. PagE Ha S R Hat on
of DCs.tumor and patichPgRRIficMind hereehid £ ohReexprlstdd B ﬂb%'pla‘éﬁle cgl-sl—qh@?‘ﬁreb@ften

cryopreserved and aliquots tested for phenotype, function, specificity,
i dent i tCYHSidﬁIC@ tléfrall | fot ymrrmhiethﬁra@qu%n@ytmort @ﬂibrcaglpb@lspmﬁ@ﬂys targetete tmatheithed

using i ntrace r ne st n| n ELI

ot r amdPLrRTTE e L P o TR A, o BRSEyRK an B8 FOWRER b,
anal yZQl‘il:ybMrerJGUVL(SMﬂ@}FF@JTaﬁMlt—spec1f1c the {d@&‘é@dau&l Fage Gitday légénd’f&bid ithed lﬂl€l£
identity, viability >70% negative culture for bacteria an ungi after
days, &aeRsadna of aeindividpakizegE{UlH produsy sarpetingr the idontified anggesgh a@hgy lab@m%d
ki lling.,qf, tgﬁlstlgeent PHA bl asts or skin fibroblasts at 20:1 ratio (if an

al | ogenel ¢ product), <2% CD83pos/ CD3neg cells and HLA identity.

[ 0257] One can use pepm xes (for exanple produced by JPT Technol ogi es) as
an anti gen souf@s38] Thébdhpehmicd ¢ineapearesivierct appgamy, Eepisbeteon mblaapineseelld &

mers over| appi.ng by 11 am_no, acid in @:ee ir equence of each of
the. antigenangf o fiaef of Edeit Sut 1 Mids AL MEReat T & ghiidras FEed o
at | eagtrond) YnRithbitdmulhOFy, YIRSt alNAGE B ividak A1 Oiht RS, MRAHII@ th & ficient and
y
relatively simple generation and expansion of tumor-specific T cells from healthy donors and
patients with minimal in vitro manipulation. However, T cell mediated destruction of normal
melanocytes has resulted in vitiligo as well as ocular and systemic autoimmunity in patients

treated with melanoma-specific CTL or TILs.

[0239]  (III) Shared tumor-specific TAA (e.g. the cancer testis antigens [CTA] -
MAGE, BAGE, GAGE, NY-ESO-1, SSX, PRAME) are expressed in multiple tumors but not in
healthy organs, with the exception of germ line tissues that are immune privileged and therefore
not susceptible to T cell attack. CTAs are optimal targets for CTLs, since these can be produced
on a large scale to provide broad-spectrum protection against a variety of tumors. CTAs have

been targeted in both vaccine and T cell therapy protocols, with evidence of clinical efficacy.
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[0258] Patients are evaluated in the clinic and 2 doses of CIL are

adm ni stered two weeks apart, in certain cases. Patients are nonitored for
clinical woroo/igsdby the NCI Common Toxicity Criteria Searas2@miconh al so
anal yze i munol ogi cal paraneters including phenotype and CTL frequenci es by

ELI spot and tetramer studies in patients who have HLA typesl],u%g[v£ Q)fJWO
tetraners are avail able. Functional anal yses (antigen-speciTl ’ oxlcity

and cyt oki ne r ¢0zi3e)(1¥y Thpenkoproag dby aipeanthamirealverspreasslay snaydifferent
ELI spot/intracel | ul ar c¥t oki ne st ai ni ngf respectively. The | evels of serum
I

cyt oki MEBOISES CEPEHEIrSIPBURYEG Itheading fisshee(ecto Mg aRdd CE pndupdyingdl Gells
ks, e anl. a .i in . e a | @ e issues co-
veeks télﬁgt_ E¥AHRLE, tgteﬂéé%g@re\ﬁ%ggl%le Hﬂ&n%FEEﬁ EOMat&hi &l[ﬁ% téﬁtaﬁﬁeglte 15

noni t ori If patie a parti response or Have sta | sease
t hey arepebdigg Beearttigen degi CEAupnd oondl thilidrg repdbeasn)ohnCTliese iedolitedfclinitak h
may cogl%i st qof 1t he sane nu%erﬁs their second injection. 90148443.1
2011/ 0288ABEIICEATGP S S5 TB B AN BB S RECriUEeRB HE ViBPaHowever. Surviyigy

The f oldpoNs P X BRI @hyvedRS R $s0TRYd BEnelP |p@%§¢ralﬁﬁié@oﬁﬁdtﬂeﬁ(s o BadQeared
cell s/ n2; 2x107 cells/n2; and 4x107 cells/nR2. [0260] Four exenplary dosing

schedultisir fimeorswvaiduaciedses TaoSurvivei-spepidici Breels ar pateantd teaeigthgorncebitls \doseng

schedule. This protocol j.s desjgned as a_.phase .l study. Each.patient wll
s eoet vity P SRR S6 aetils EPLBREM AReIARE St Wby AR o no
schedul es: [0261] Dose Level One: [0262] Day 05 x 106 cells/n2 [0263] Day 145

X 106 detdikiniBupéthedipyRasgetingVEAAIWO: [ 0265] Day 01 x 107 cells/nR

[0241] T cell immunotherapies for non-viral tumor antigen have been described,
with promising clinical results in some studies. Rosenberg and colleagues reported that infusion
of melanoma-specific tumor-infiltrating lymphocytes (TILs) together with high-dose interleukin
2 (IL-2) produced clinical responses in approximately 35% of patients with metastatic
melanoma. The specificity of the infused cells was not analyzed but it is likely that they targeted
multiple epitopes/tumor associated antigens. More promising results were subsequently achieved
using a modified treatment protocol which incorporated a lymphodepletion step prior to CTL
infusion, in order to improve the expansion and persistence of adoptively-transferred cells.
Ninety three patients with metastatic melanoma refractory to standard therapies received
immunodepleting chemotherapy -/+ total body irradiation followed by the adoptive transfer of
highly selected, TIL-derived, tumor-reactive T cells and high-dose IL-2 (720,000 IU/kg q 8h to
tolerance). Fifty two of the 93 patients had objective clinical responses to treatment (39 PR, 12
CR), including regression of large bulky tumors. However, the collection of autologous TILs is
not possible for most tumors. Furthermore the in vitro expansion of large numbers of tumor-

specific T cells (>10'° CTL) is a complex and expensive procedure.

[0242] The same group also infused T cell clones directed targeting a single
epitope in the melanoma-associated antigen, gpl0O +/-IL-2 but reported poor clinical responses,
with only one minor response and one mixed response, and showed that the cells failed to engraft
or persist in vivo. This highlights the importance of targeting multiple epitopes/antigens to

produce optimal clinical results.

Developing an adoptive immunotherapeutic approach to treat EBV-ve HL. and NHL
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[ 0266] Day 141 x 107 cells/n2 [0267] Dose Level Three: [0268] Day 02 x 107
cells/n2 [0269] Day 142 x 107 cells/n2 [0270] Dose Level Four: [0271] Day 04
x 107 celwe/201/28372] Day 144 x 107 cel |l s/ nR2 [ OPT3JUSkd10f0adSPENL S
wi th active di sease have stable disease or a partial response by the RECI ST

Cri teri a at their 8 w_eek or subsequent eval uations t_hey ar §§&£¥ﬁ6§§WQnI ch

receive up to 6 additional doses of CILs at nonthly interv
may consi st of [0243] samEhoetihg A esxpasssédén rHIS emdnNHLN] Bet CaAs, RaYiE%Sﬂ]—EB,
will not be able to recejve additional doses until the initial safet

prof i | ERAME MM GE=Y afd BN elesSPEISPIWIHE e % %%Hﬁégki%ﬁﬁ%‘il éwm@fﬂa@ﬁw 1

b
B A o e e

650ny) anddiehltry deddrs &einamy st nat AIB). Therexprspewi bf theTe «mhdnsarrt@ynsben @ih/md by
intrav s i,njecti.on over 1-10 minu esthrou elth e he or.a
AR o T M R b = e R e A PR

st andakgholiRfen®d Bt Nihst mbhih, Wrokl-QReuPHOdMEdS swlhctiﬂece%qeapgehag thAfpld he
injection will be given bz a physician. Patients may receive supportive
€

care f@ntlmtf@rai}rpatllqn@ﬁm exiegated:, i ncl udi ng bl ood conponents or
anti biotics, and other intervention as appropriate.

[0244] As a means of stimulating T cells one can use clinically applicable peptide
mixtures (pepmixes) that comprise, for example, 15mer peptides overlapping by 11 amino acids
spanning the entire sequence NY-ESO-1, SSX2, Survivin, Prame and MAGEA4. These peptide
libraries encompass all possible HLA class I epitopes of each protein. The pepmixes are pooled
for T cell stimulation so that T cells with specificity for multiple epitopes from all their antigens
can be produced from all patients or donors, regardless of their HLA phenotype. Since the
individual peptides are 15 amino acids in length, in some cases both CD4+ and CD8+ T cells are

activated.

Generation of tumor-specific CTL using DCs as APCs

[0245] In addition to choosing the optimal tumor antigens for T cell stimulation,
the inventors have determined that dendritic cells (DCs) are the most potent antigen-presenting
cells in patients, since they provide costimulation and cytokines (e.g. IL-12) which drive T cell

differentiation along the appropriate effector pathway (Tc1/Thl).

Generation of TAA-specific CTL using Th1-polarizing/pro-proliferative cytokines

[0246] The inventors and others have shown that effective induction of cellular
anti-tumor immunity also relies on immune-modulating and growth promoting cytokines.
Tumor-specific T cells isolated from whole blood or tumor biopsy samples are often
anergized/tolerized, with poor proliferative capabilities. To overcome this limitation and
reproducibly produce tumor-specific CTL lines with multi-antigen specificity one can
supplement the CTL cultures with exogenous IL-15, IL-7, IL-12 and IL-6 (in specific cases): IL-
15 is common gamma chain cytokine, which overcomes T cell tolerance of tumor-specific CTL
without promoting Treg growth; IL-7 improves the survival of naive, memory and activated
tumor-specific T cells; IL-12, is a Th1/Tc1 polarizing cytokine that acts in an additive/synergistic

manner to enhance IFN-y production, proliferation, and cytotoxic function of antigen-specific T
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Patient Eval uation [0275]The foll ow ng investigations nmay be obtai ned
pre-infusion, at 2, 4 and 6 weeks post-infusion and then at 3, 6, 9, and 12
nont hs: OBG2and2833fiferential, BUN, creatinine, bilirubi RCTHSINI/0EEPT,

al kal i ne phosphatase, Na, K C, C®2, albumn, and/or total protein.

[0276] Di agnostic imaging (CT scans, MR, nuclear inmging) @Sg}%@ﬁ Q{@gg
tests (serum cytokines) to docunent neasurabl e di sease and ) 2

t her apyeld. Ipreealsd bersifioNTAAICHLvgeakiatibm| ds ankangskehenasecODd to rifhl 3110 teli¥ayhibe
enpl oyed. If diagnostic inmaging studies are perfornmed at other tinmes either
dur i ng PETVeRfiRE I e @R HIORt on this study, that data is col lected and
information gained is used. If the patient receives extended dosing,

| Mgi NG drerANiCotluthoipetitic T FE usind&n dpidhized bt Uevid@277] The fol | owi ng
i nvestigations rraP/7ﬂ be obtained pre-infusion, 1, 2, 4 and 6 weeks

post -i nfusi on hefugently; CELs gre madufactuppgdnshprogragsivhierpapsion| iy tradiionak t er
for 1 year. Peripheral,blood;in preservaiive free .heparin and ACD (acid
it r at S B FRERE 2 ough kP L8R Rk et R By BB S5
phenot yipiigh-@tsdpeing plis.arhibl sgaemTiscabbiSindidiven addnsies skilles peginbiogisty amf iCTL
response using HLA-peptide tetranmer analysis and i mune function assays

i ncl udidHgicet [sgate. Depiteferquent medig ghangphandspdittngnty opHmizaeltwibers, putigaty s .
[ 0278] t ' jtd {0k i ONS: I - o
R A R S R L A S L
of eaclperiod,ushiten the3ridk dfyiseq@ast inemakesi withiho nuhtlery oD plateandaht ate paadpulgtedn
patien reference), and at 1, and.2 weeks post each inpfusiqn. Follow u
may théﬁpowﬁ? PHRiELE th C??Sﬁéé%lﬁﬁlﬁﬁal@fe%ﬁﬁer WA St I Gt Feed 120 BERRES a‘f? ter
the | aglinichf 431 QiuANesth@Mmaveahiled foPeleeabli®itiohr _aﬁti%&@ipecm SN IP&GIsf | C
bl ood tests are done "after two years (if the patients have had additi onal

i nj ect iTdwsysultham & cateprodwe Hias baen eather rpanfupoidnahoiendnespkeidip. i N cont act with
patients to follow long term di sease responses. 90148443.1 WO

2011/ 028531PCT/ 10{ 046505 YM PO016W) 0279] | wh
Che pariont Yol LR e BpANERR MRy sa pemmestleREM seteifR ERGESFCS

sanpl e Rek) ihemplByd Beat Wsethticall Rs6RRss Thellt ApmptosandurenciiRy, essil@iy [ Sbid €.
If a patients' henoglobin is less than 8.0g/dl at any of the evaluation

E) i es. efffrdend i psiQRf inpYiBdGaY a¥hangt (Qhid et HaonbrPoaiis|aciss Reda PEEMARE nay
par anet chgr MR due PR 8T MEL S s O RERRRY e ML) of o

and | i werdidmirbbiothet &3IsS provithgd st udireats pldedibitingi waste pradiucniThesef eil@td on

FS);_;J ?Lﬁt%’gnglfg§ns§)éﬁg\glaﬁﬁ afEt\é le l(Jgeéat Iecﬁ:l' 0 Iﬁi gplfl%rlfel?tgﬂng ! %sggntl[a? 2fgr0 ]CEIQLr, grg(lhllc(t)ivovn % Ipp(;[ceeédv al,

unencumbered by physical disruptions, reducing technician time >10 fold, increasing cell output
by >3 fold, and accelerating CTL manufacturing time >2 fold without affecting the phenotype or
function of the CTLs (Vera et al., 2010).

[0249] In the event that the infusion of T cells targeting self antigens expressed in
normal tissue induces an inflammatory response post-infusionone can administer steroids to
effect a reversal in pulmonary symptoms, for example, thereby rapidly and effectively

controlling the associated toxicity.

[0250] Patients may be included in the study described herein that have a diagnosis
of Hodgkin’s or non-Hodgkin’s Lymphoma and that have active disease or in relapse or after
autologous or syngeneic SCT or after allogeneic SCT; that have life expectancy > 6  weeks;
that have a Karnofsky/Lansky score of > 50; that are HIV negative at time of procurement (if

autologous product — patient must be HIV negative); if post allogeneic SCT must not have less
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contacted by research coordinator) at two-week intervals for the first

ei ght weeks, then at 3, 6, 9 and 12 nonths, then yearly for 1 year.

Addi t i onavowvnsl/2853tay be obtai ned as clinically indicat @Tarms2010/0845e5 pati ent
is having nore than 2 infusions. Regarding early term nation of study and
nodi fications of drug dosages, this study nmay be consi dere%lgg b@é}gﬁr‘ﬁ@en
2-6 patients have been entered at each dose |level in each gP y
for an thand$0% divabr @tainedsh iaaith&epdriphsianbiodd drfboae s w;i thatt havg bildbiai €3x has

been observed. Far the Puﬂ(gose of this study, dose limting toxi C|ty may be
def i nedoH8alafty Troxi trmgl epdHep 8% ey bpeg ‘HF%“““P‘? & pPRhfUReRdhdirhaef Redl 3- 4
consi defeght OirREstialifRi ithdfas Pt & he CTb chil 6 hfnal: GpRLAARYRR % Or
an indi vfdu Ilomga%tfggr%t ce{n %Ige)gtercﬁllqnat%tgqﬁo 505% |mt;un% tox]%l%’:aty ? DLT)
has beennainsienalgblerapioforpuiigos & wekk tphios tesentdyin BisTstudy. dBdtiensdarasxcluded that
develo ment of Grade 111-1V GVHD or icities. The iterjia |listed in the
NG ooyBigigtersyient nfaerian Gein ge MY SIS eRid e CHHR Ly, GUHD
may be graded by the nethod of Przepl orka et al. (2006). A 6-week period

af ter tHRnfAHSRrotédoUsi on may constitute a course, which nmay be eval uated
for critical toxici tel and a 6-week period after CTL infusion may be

r equi r &loed,Procusemant for G1Jr apd antigepypresenting eg)l (ARG enngratians ponse is not
the primary engpgipt @tndfich &f fufor- sg@cﬁﬁ@@tﬁ M‘ﬁéshre f%%%@g &rﬂlo%e&fss%vé}ﬁﬁ
assessed by standard criteria. Eval uations of SI ze per f or med

Wi t hi n dfferesk®ngfonbigifrom perijheed teat mamuelev\eeéde (&BM@) tlthe @Hcdmd may be

ti wh | uabl e f
e pondBvepmhRtialgT abh bOGTalT thotd btk sy ShER P Pad B AR SRR oo
be evalctipd @b@ phisyke %ﬁth a mastermlx of Pesdiked FoPlalhi) SpMrifl dl@%%@ﬁl?lﬁigetumr S
and/ or | yrrphadenopat onse and progression nay be eval ua in this
st udy @samgltqdrﬁéltlem@%é&m EA iSuevivia, BRg@éE,e@dWYt Regltlrvgh otesltumei on
%Ilzgzljlg‘tlée%s\?%dlzga%ﬁ ng‘g%}f(lg%% }jlalf mglﬁ)tég y 1nq1é3}nsatlmulatr1]onor1]sl )f)eltfgr%léda rrg(a%t

BAYM PQckeNd? off deErtarproproliifsimig onaltindemsatlcakdntl).) of 1t-he, mumeraddeHicomns ar e
used in the RECI ST criteria. Measurable |lesions are defined as those that

can be caléwﬂbtbewpméaﬁébp Preseiice| ddbt 2. on agiGitr TR dmeny ese 4Pareset (o
be rec t | y as
270" iy e AR R B RN et S5 MR iy ke Sidf ke
rreasurarbdmnhcﬂsar@aﬂsto be followed for response. Seri al measurements are to
be done with CT or MRI. The sane met hod of assessnment is to be used to

characterize e identifi and reported | esion at baselin

Fo | o op. 102821 s s GnbFE HsSion B Gy cpanaer el G- apterest

di sappea@ites Rbccalile dé ;,%%nds &eittPAS.Cs R&0D) 8f ofeeRORGEesl PRlaxifudedibiedrads at
| east a 30% decrease in the sumof the | ongest dianmeter (LD) of target

| esi on®f 1O@m1rpgnaberaleble®<en@ef0t heotblamemrmel welpme Pf 299 @@r é)wixwrep]@l BlwdangyPD)
is defi ned rease in

| s! onde P e o BEbuftaf 87t REOEAR sy LET AP RlitshSnb R A O ke or

t r eat ment oaﬁ@s)tm‘ dohos e a@m@&wy@rm mAREN@h offBfis/REBIobE H @R inJinaiveek

di sease i s defined as nei t her sufficient shrinkage to quali fq{@;‘ or PR nor
suf f i ciperied.iHseipbergkblped moapnycea sellHBBM Gk g gepaated froneybalettheodsyping deall sum

LD sin t v ion,
D or SR SPATERL g BELEos 0, GERGH SUSTHR TRTIE kR AVRRY O

[ 0284] cA}dprepaﬁvemPBm.d publications nmentioned in this specification are

i ndi cative of t he IeveI of those skilled in the art to which the invention

pertains. ublications.h ip are incor d by efe nce
to the sane exﬁ?@:ﬁg C‘r ”E SRR Y Eﬁbf’i‘??a?‘? Wﬁ@ﬂggﬁe‘gﬁ PV(,%‘

i ndi vi gigaibYdelined Qﬁé&@y&? ‘b@h I¢ Rﬂ%‘i&@f@l\@%@/ rLeIL)emn%dl By trﬁﬁhfatﬁﬂt\sztﬁtay
PUBLI CATI ONS 85] Anbr osi ni da C, Altieri DC novel

ant i - apeptodi3C geateratisnl rcwktauh (ILekﬁarIéés@NFmarrda]PﬁEE @nah d:)yannmi@rrfi”hesl‘darbature
Med. 1997

7-921.
den(f)rltlc cel?s are pulsed for 30-60 mins with a mastermix of pepmixes spanning SSX2,
MAGEAA4, Survivin, PRAME, and NY-ESO-1 such that the final concentration of each peptide

is 50ng/tube. Subsequently the DCs are washed once and used to stimulate PBMC-derived T
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[ 0286] Anastasi J, Bitter MA, Vardi man JW The hi stopathol ogi ¢ di agnosi s and
subcl assification of Hodgkin's disease. Hematol Oncol din North Am 1989;
3:187-204W0 2011/028531 [ 0287] Atanackovic D, Blum |, Cao YEU/usko10mtgoessi on
of cancer-testis antigens as possible targets for antigen-specific

i mrunot herapy in head and neck squanmous cell carcinoma. Ca LAAL
2006; 5: 1218-1225. 90148443.1 WO 2011/ 028531PCT/ US2010/ 0465%&@@%@&/@
[ 0288] cBoedkhtld phisehe! Hf W, TPaaanadmhtang GektRUPIID-R, IVNGHIIQ did Habaat).

Cyt onmegal ovirus in hematopoietic stemcell transpl ant recji pients: Current
st at us JIPABYF: SHRRIAtYGHS | o afd- fior H’r“éa%’flr Qﬁé@r%grepaie& ragp gBeut ity mbyet blood

Transpl,gaithe ﬁggﬁa? e 2437 eﬁ%ﬁym 20 to 40m (ﬁ%lxhﬁ%fé CM Aguilar L,

St raat hot KC et Cytotoxic T | ynp ocyte "therapy for Epstein-Barr virus+
Hodgki n' s di sease. J. Exp. Med. 2004; 200: 1623- 1633. [0290] Boll ard
CM Got t schal k [6254L eefo Axpandéthe surppr-geeeidiat hioflIsk@e Garusape@nixpabéd DFs fvy

oo ol Mebndatl Suestengt Shutiaos AREdl st FOMRG i B arrenrmal Th-2att sitos

t unor - g0b ixgBA nINBERMEHr REIICAE k&uaed (ol gdnéfapb g kt&ndmanraf@DCBl ood. 2007;
110: 2838-2845. [0291] Bol I ard Straat hof KC, Huls MH, Leen A, Lacuesta K,

Davis A, GCottschal k S, Brenner MK, Heslop HE, Rooney CM The generation and
characterizati 6925 LMDEheseﬁécﬂffﬂil%C@FE%P?@?d @sTeLSd@aﬁa B pEYOREesevegh and pliguyogim

57: a7 343 P ok EloRR g AR PR MRS s SRR PG ol

al . O @TIsqisadaeisnioed Iusm@r mmoaTkmiarMﬁcblah@g;ta@nmg sEL@seasﬂpnfand [HILA ppeptide
margin status, is st ron% y predicti Xe of | ocal fea e-free a{1d Ex)eral(ﬁ
sur vi vAFramess i algblpabHertor sy ghatopypezand T Ul sety aEgRl PGyt gAWoG
Wi sdor, toQIJetr DeFor T, Barker JN, Tolar J, van Bunk JA, Wagner JE. Marked
i ncreas dri k of Epstel n-Barr virus-rel ated conplications with the
addition of antithynocyte globulin to a nonnyel oabl ative conditioning prior
to unrel ated ub@®36l caReleasedriergronhay riagleds! idantayi viabiliBl 50, paREye culture for
108: 28i)gctgr81§ glnd fungi after 7 days, endotoxin testing < SEU/ml, negative result for Mycoplasma,
<10% killing of patient PHA blasts or skin fibroblasts at 20:1 ratio (if an allogeneic product),

<2% CD83pos/CD3neg cells and HLA identity.

[0257] One can use pepmixes (for example produced by JPT Technologies) as an
antigen source. These pepmixes are overlapping peptide libraries (15 mers overlapping by 11
amino acids) spanning the entire sequence of each of the antigens of interest. Each peptide has

been chemically synthesized to at least >90% purity, for example.

Administration and Monitoring

[0258] Patients are evaluated in the clinic and 2 doses of CTL are administered two
weeks apart, in certain cases. Patients are monitored for clinical toxicity by the NCI Common
Toxicity Criteria Scale. One can also analyze immunological parameters including phenotype
and CTL frequencies by ELIspot and tetramer studies in patients who have HLA types for which
tetramers are available. Functional analyses (antigen-specific cytotoxicity and cytokine release)
are performed by chromium release assays and ELlspot/intracellular cytokine staining,
respectively. The levels of serum cytokines before and following infusion are compared. A time
period of 6 weeks, for example, will constitute the time for clinical safety monitoring. If patients
have had a partial response or have stable disease they are eligible to receive up to 6 further

doses of CTLs, each of which may consist of the same number as their second injection.
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[ 0294] Buglio D, Georgakis GV, Hanabuchi S, Arima K, Khaskhely NM Liu YJ,
Younes A. Vorinostat inhibits STAT6-nmedi ated TH2 cytoki ne and TARC
product i omoand/a2essuces cell death in Hodgkin | ynphona ce@CI/uskees4658 ood.
2008; 112: 1424- 1433. [0295] Carrel S, Johnson JP. | munol ogic

recogni tion of malignant nel anoma by autol ogous T | ynphocyt i
Oncol . 1993; 5: 383- 389. [ 0296] Chanbost H, Van Bar ﬁ@%ﬁ’@’s@@ F,
Godel aiTreafhentd®lsn L, Landi SJ, Theate I, Plumas J, Spagnoli GC, Mchel G

Coulie PG di r i on of ne CE-A4.in Reed-Sternberg cells,,
B ood. 2000: 951659 ZERn TG ne BesTHa S SOTE) dSSERIRER LD 67 B4BETO
BAYM PQEIEME: 2x107 cells/m @@L 1(7ebiIRghE M Khan N, Pourgheysari B, Tauro S,
McDonald D, Gsman H, Assennmacher M BillinghamL, Steward C, Crawl ey C,
O avarria E, Goldman J, Chakraverty R, Mahendra P, Craddock C, Mdss PA

Adoptive transi@060bf Eguoeregullayidosingspbeduldscarcpraluatedt diwatd sixtpatiortplagmnt

patients_.after selection LA+ peptide .tetraners. EX d 005. .
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[0267] Dose Level Three:
[0268] Day0 2 x 10’ cells/m*
[0269] Day 14 2 x 107 cells/m*
[0270] Dose Level Four:
[0271] Day0 4 x 10" cells/m*

[0272] Day 14 4 x 10" cells/m*

[0273] If patients with active disease have stable disease or a partial response by
the RECIST criteria at their 8 week or subsequent evaluations they are eligible to receive up to 6
additional doses of CTLs at monthly intervals-each of which may consist of the same cell
number as their second injection. Patients will not be able to receive additional doses until the

initial safety profile is completed at 6 weeks following the second infusion.
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autoimmunity in patients after clonal repopulation with antitunor

| ynphocytes. Sci ence 2002; 298: 850- 854. [ 0303] Ei nsele H, Roosnek
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T ogemer e RRE tetoeBnahrehs otaian SBn Yy sudrgt o phy oo Pests ShvSoeTe
[0306] S Wd B8 foll ac%totrr‘lﬁl@dﬂ}@%)&l&tysymah&hgr@o@ cc'ﬁh%%e-ﬁts (EﬂlﬂﬁﬁﬁotMs and
nprech Handgr et i nger Pet ers Schust er ck R Schumm M

Lotf| RthegaﬁWV@}th_naaﬁglpPrOPSaﬁee adoptlve transfer of virus-specific T-cell
Immunity for the treatnment of system c adenovirus infection after

al | oge transplantation. Br J Haematol. 2006; 134: 64- 76.

[ 0307] riﬁ“%ﬂé?r%e%gﬁ , Manede RC, Proto-Siqueira R et al. Expression of
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ggang%@% gﬂgsi gnfu g%%g%l Elgernﬁ'?zél g,oszd:gﬁr%gg&:_ él'é%t '_[nld d?\fferengall’laﬁw creatlmne
bilirubin, SGOT, SGPT, alkaline phosphatase, Na, K, CI, CO,, albumin, and/or total protein.

[0276] Diagnostic imaging (CT scans, MRI, nuclear imaging) and/or blood tests
(serum cytokines) to document measurable disease and response to therapy at pre-infusion and 6
weeks following the second infusion may be employed. If diagnostic imaging studies are
performed at other times either during or after treatment on this study, that data is collected and
information gained is used. If the patient receives extended dosing, imaging is done 1-3 months

after the final infusion.

[0277] The following investigations may be obtained pre-infusion, 1, 2, 4 and 6
weeks post-infusion and then at 3, 6, 9, and 12 months and then yearly thereafter for 1 year.
Peripheral blood in preservative free heparin and ACD (acid citrate dextrose) anticoagulant (20-
40ml). This blood may be used for phenotyping of peripheral blood T cells and analysis of
specificity of CTL response using HLA-peptide tetramer analysis and immune function assays

including ELIspot, intracellular cytokine staining and cytotoxicity assays.

[0278] If the patient has additional injections of cells after the first two infusions,
these tests are also obtained pre each infusion, at the end of each infusion, 3-4 days post each
infusion (day optional depending on patient preference), and at 1, and 2 weeks post each
infusion. Follow up may then continue at 3 times monthly and may continue until 12 months
after the last infusion and then yearly thereafter for 1 year. No study specific blood tests are done
after two years (if the patients have had additional injections), in some cases, but one can

continue to keep in contact with patients to follow long term disease responses.
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[ 0312] &)ttSCha Ng CYC, S erez Pe C, Brenner MK, Hesl op

HE, Roaneyn vitherevaipiveiwi Bareduced asd dfalyétlodvtmmmlt er ntonathac ane esnipanclre,
90148443.1 WD 2011/ 028531PCT/ US2010/ 046505. .
BAYM PO 18RSy mp NP BT PS é%aéacfﬁl‘?}%rsd‘?a&e%g’dﬁn?lé%%éﬁf{}%r (% ARG spllerpid 1
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Hesl op ost - Transpl ant Lynphoprolifera sorders. Annu Rev Med
2005; 5601263@1@16 [ 0314] Gust af sson A, Levitsky V, Zou JZ, Frisan T, Dali ani s
T, Ljungman P,

Evaluation during Study

[0280] For follow up interval, patients may be evaluated (seen in clinic or
contacted by research coordinator) at two-week intervals for the first eight weeks, then at 3, 6, 9
and 12 months, then yearly for 1 year. Additional visits may be obtained as clinically indicated
or if the patient is having more than 2 infusions. Regarding early termination of study and
modifications of drug dosages, this study may be considered complete when 2-6 patients have
been entered at each dose level in each group. Therapy for an individual patient can be
terminated if a dose limiting toxicity has been observed. For the purpose of this study, dose
limiting toxicity may be defined as any toxicity that is irreversible, life threatening or Grade 3-4

considered to be primarily related to the CTL injection.

[0281] Therapy for an individual patient can be terminated if a dose-limiting
toxicity (DLT) has been observed. For purpose of this study, DLT is defined as: development of
Grade III-IV GVHD or toxicities. The criteria listed in the NCI Common Toxicity Criteria Scale
may be used in grading toxicity. GVHD may be graded by the method of Przepiorka er al.
(2006). A 6-week period after the second infusion may constitute a course, which may be
evaluated for critical toxicity, and a 6-week period after CTL infusion may be required for
evaluation for antitumor activity. Although response is not the primary endpoint of this trial,
patients with measurable disease are assessed by standard criteria. Evaluations of tumor size are
performed within 2 weeks of beginning treatment and 6 weeks after the second injection. All
patients who receive the first infusion are evaluable for response. Patient long term overall and

progression free survival may also be evaluated at 1 year.

[0282] In patients with detectable tumors and/or lymphadenopathy - response and
progression may be evaluated in this study using the international criteria proposed by the

Response Evaluation Criteria in Solid Tumors (RECIST) Committee. Changes in only the largest
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In specific embodiments of the invention, individuals may have CR or PR or stable disease.
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herein without departing from the invention as defined by the appended claims. Moreover, the
scope of the present application is not intended to be limited to the particular embodiments of the
process, machine, manufacture, composition of matter, means, methods and steps described in
the specification. As one will readily appreciate from the disclosure, processes, machines,
manufacture, compositions of matter, means, methods, or steps, presently existing or later to be
developed that perform substantially the same function or achieve substantially the same result
as the corresponding embodiments described herein may be utilized. Accordingly, the appended
claims are intended to include within their scope such processes, machines, manufacture,

compositions of matter, means, methods, or steps.
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CLAIMS

What is claimed is:

1. A method of generating cytotoxic T-lymphocytes (CTLs) that
target at least one antigen from two or more viruses, comprising

the steps of:
either

(1) nucleofecting a population of dendritic cells (DCs) from an individual
with a plurality of plasmids, wherein each plasmid in the plurality encodes at least
one antigen from one of the two or more viruses, and thereby producing a
population of dendritic cells that expresses and presents at least one antigen from

two or more viruses; or

(2) contacting a population of DCs from an individual with a library of
peptides, wherein the peptides overlap in sequence to span part or all of an entire
viral antigen, thereby producing a population of DCs (APCs) that present at least

one epitope from two or more different antigens; and

contacting peripheral blood mononuclear cells (PBMC) from the
individual with the nucleofected DCs (APCs) to produce a population of antigen-
specific T lymphocytes that are capable of responding to at least one antigen from

two or more viruses; and

culturing the antigen-specific T lymphocytes in medium in a vessel that
has a gas permeable membrane, wherein components of medium comprise 1L-4
and IL-7, to produce cytotoxic T-lymphocytes (CTLs) that target at least one

antigen from two or more viruses.

2. The method of claim 1, wherein the CTLs are administered to an

immunocompromised individual.

3. The method of claim 2, wherein the individual has had allogeneic

stem cell transplant.
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4. The method of claim 1, wherein the viruses are selected from the
group consisting of EBV, CMV, Adenovirus, BK, HHV6, RSV,
Influenza, Parainfluenza, Bocavirus, Coronavirus, LCMV, Mumps,
Measles, Metapneumovirus, Parvovirus B, Rotavirus, West Nile

Virus, and a combination thereof.

5. The method of claim 2, wherein the cells are administered by

injection.

6. The method of claim 5, wherein the injection is intravenous.

7. A method of generating cytotoxic T-lymphocytes (CTLs) that

target two or more tumor antigens, comprising the steps of:
either

(1) nucleofecting a population of DCs from an individual with a plurality
of plasmids, wherein each plasmid in the plurality encodes at least one epitope of
one or more tumor antigens, thereby producing a population of DCs (APCs) that

express and present at least one epitope from two or more tumor antigens;
or

(2) contacting a population of DCs from an individual with a library of
peptides, wherein the peptides overlap in sequence to span part or all of an entire
antigen, thereby producing a population of DCs (APCs) that present at least one

epitope from two or more different antigens; and

contacting peripheral blood mononuclear cells (PBMCs) from the
individual with the APCs to produce a population of antigen specific T
lymphocytes that are capable of responding to at least one epitope from two or

more tumor antigens; and

culturing the T-lymphocytes in medium in a vessel that has a gas
permeable membrane, wherein the components of the medium comprise IL-7,

1L12, IL15 and either IL6 or IL27.
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10.

11.
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The method of claim 7, wherein the individual has lymphoma or

leukemia.

The method of claim 7, wherein the T-lymphocytes are

administered to the individual.

The method of claim 9, wherein the cells are administered by

injection.

The method of claim 10, wherein the injection is intravenous.
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