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Background of the Invention

Studies in rodents have demonstrated that adoptive immunotherapy with
antigen specific T cells is effective for cancer and infections, and there is evidence
this modality has therapeutic activity in humans'®. For clinical applications, it is

25 necessary to isolate T cells of a desired antigen specificity or to engineer T cells to
express receptors that target infected or transformed cells, and then expand these
cells in culture®®. The transfer of T cell clones is appeaiing because it enables
control of specificity and function, and facilitates evaluation of in vivo persistence,
toxicity and efficacy. Additionally, in the setting of allogeneic stem cell

30 transplantation, the administration to recipients of T cell clones from the donor that
target pathogens or malignant cells can avoid graft-versus-host disease that occurs
with infusion of unselected donor T cells**'>. However, it is apparent from clinical
studies that the efficacy of cultured T cells, particularly cloned CDS8" T cells, is
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In one aspect, the present invention relates to methods and compositions to
confer and/or augment immune responses mediated by cellular immunotherapy,

20  such as by adoptively transferring tumor-specific, subset specific genetically
modified CD4+ T cells, wherein the CD4+ T cells confer and/or augment the ability
of CD8+ T cells to sustain anti-tumor reactivity and increase and/or maximize
tumor-specific proliferation.

In one embodiment, the present invention provides a method of performing

25 cellular immunotherapy in a subject having a disease or disorder by administering to
the subject a genetically modified cytotoxic T lymphocyte cell preparation that
provides a cellular immune response, wherein the cytotoxic T lymphocyte cell
preparation comprises CD8+ T cells that have a chimeric antigen receptor with an
extracellular antibody variable domain specific for an antigen associated with the

30 disease or disorder and an intracellular signaling domain of a T cell or other
receptors, such as co-stimulatory domains; and a genetically modified helper T
lymphocyte cell preparation that exhibits a predominant Th1 phenotype as well as
produce other cytokines, elicits direct tumor recognition and augments the
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elicits a cell ulgglfe,hdiBb) Ruk&SRPWER, mMOLhloBorhHBbITY AltipXisCof cxapm)ocyt e cel |
preparation conprises + T cells that have a chineric antigen receptor

with an ext r acelbragstganogatherp Ny -BR hefPiexamplebody specific for an antigen
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modi 1 ed predominant Th1 phenotype as well as produce other cytokines, elicits direct tumor
recognition and augments the ability of genetically modified cytotoxic T lymphocyte
cell preparations to mediate a cellular immune response, wherein the helper T
lymphocyte cell preparation has CD4+ T cells that have a chimeric antigen receptor
25  with an extracellular antibody variable domain specific for the antigen associated
with the disease or disorder and an intracellular signaling domain of a T cell
receptor.
In yet another embodiment, the present invention provides an adoptive
cellular immunotherapy composition having a chimeric antigen receptor modified
30 tumor-specific CD8+ cytotoxic T lymphocyte cell preparation that elicits a cellular
immune response, wherein the cytotoxic T Iymphocyte cell preparation comprises
CD8+ T cells that have a chimeric antigen receptor comprising an extracellular
single chain antibody specific for an antigen associated with the disease or disorder
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Tn another aspect, the present invention provides a method of manufacturing
an adoptive immunotherapy composition by obtaining a chimeric antigen receptor
25  modified tumor-specific CD8+ cytotoxic T lymphocyte cell preparation that elicits a

cellular immune response and an antigen-reactive chimeric antigen receptor,

wherein the modified cytotoxic T lymphocyte cell preparation comprises CD8+ T

cells that have a chimeric antigen receptor with an extracellular antibody variable

domain specific for an antigen associated with the disease or disorder and an

30 intracellular signaling module of a T cell receptor; and obtaining a modified naive

CD4+ T helper cell that elicits a Th1 cytokine response, wherein the modified helper

T lymphocyte cell preparation comprises CD4+ cells that have a chimeric antigen

receptor with an extracellular antibody variable domain specific for the antigen
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modi fied hel per ™ F %ﬂ%@}}?’é’a@é‘fe 'mﬁwgi’)a?rﬁ?x %W%’B‘ﬁﬁ %8‘?‘@%&?—?’%‘&%5 t hat
have gl c h|d Mesi C naint Cham Tr}?dlg&péalrth&’t@nﬁfsl a'Sl‘H"lg:yﬁjklrﬁXésb&Qse| MLHreEHi theiddirdy

vari abl e donmin.s ic for the anti.gen asso t he dj sease or
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the subject a genetically modlﬁed helper T lymphocyte cell preparation, wherem the

modified helper T lymphocyte cell preparation comprises CD4+ T cells that have a
chimeric antigen receptor comprising an extracellular antibody variable domain
specific for an antigen associated with the disease or disorder and an intracellular

20  signaling module of a T cell receptor.

These and other embodiments of the invention are described further in the

accompanying specification, drawings and claims.

Brief Description of the Drawings

25 Fig. 1: shows the phenotype and analysis of chimeric antigen receptor
(CAR) expression in a CAR-transduced with ROR1-CAR encoding lentivirus ,and
an untransduced CD8+T cell line as a control. The ROR1-CAR cassette contains a
truncated EGFR that serves as transduction marker and can be detected by staining
with anti-EGFR monoclonal antibodies. Truncated Fc-ROR1 fusion protein binds

30 directly to the antigen-binding domain of the ROR1-CAR and selectively stains the
ROR1-CAR transduced but not the untransduced control T cell line. Expression of
the ROR1-CAR on the cell surface of CD8+ T cells is measured directly by binding
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cells, and | evel £ JCART RSt e@dalbyutELI SA (5A),
and | FNg, ' TNFa i Y?J%bﬁ?%%a%?gs%wg%d@?i-%?mmre mgasur ed b?/ Lum nex assay

(5B). CD4+ RGRI- sﬁé‘(ﬁﬁcniydc aqtydyﬁgae@ﬂt RORd negitive BFoF ¢elisecogni ze RORL- posti ve
et e TS, KRS, RUBEHR) ot et

ELISA (Fig. SA) and multiplex cytokine assay (Flg 5B). Cytokine secretion of

CD4+ and CD8+ ROR1-CAR T cell lines. CD4+ ROR1-CAR and CD8 ROR1-CAR

T cells were co-incubated with ROR 1+ tumor cells, and levels of interferon gamma

30 (IFNg) was measured by ELISA (5A), and IFNg, TNFa, IL-2, IL-4, IL-10 and IL-17
were measured by Luminex assay (5B). CD4+ ROR1 -CAR modified T cells
specifically recognize ROR1-postive tumor cells and tumor cell lines and produce

higher amounts of Th1 cytokines including IFN-y, TNF-a and particularly IL-2 than
6



6 WO 2012/ 129514PCT/ US2012/ 030388 CD8+ ROR1-CAR nodified T cells. These
data de t.rat at CD4+ ROR1- CAR T cells exert help
NGB g Pegibh ik,

functions rmul ati on through the ROR1- CAR and in-a
medi ating direct anti-tunor reactivity, could also be utilized to augnent
the ability of CD8+RRBRICARm NI @ils. TTiest daa danomewatathat @D¢eRDRIIar 5
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) ( CTLs by p
response to turrm“.hf@mmdIIRWWrwl&‘épféEeﬁéY)PRﬁéHatbeM%ere“@&‘Pf T cells)

significantly i . ' [ i CD8+
RORL- AR CTLS (B S e O e B o B R e i th cD4+

CAR T cel | s)o Fimglernt pieresigniffiopsly iggheg pompastd te &8t QR 1-6idvmodified Gener ati on
of CD4+ CAR 20 [ feehhsl k@;‘a.sé/%@ﬁculmaﬁfefakﬁ Bk vidofthelPRAs: AifRacof SMAT 2l

menory and effe?ﬁlor nmenor ubsets and anal ysis © -ce uncti on.
Oyt oki ne prof i | BORAebopitint fufrer etlisB56¢4RABIH 1 tyimauy§ b+ anddelko MO} cqrarRIedCAR T

cells derived fro i ells may be best suited to provide help to
JorDRARR AR G Y p :

CD8+ CTLs. Sim bt’dai ned in experinments conparing the function
of CD4+ CAR T-cell |Figes ®oipl@sbimgectedDDd+ ROR1 GAR Tickilepravise habp tpur e 8A

el l's basedion Cor RUFEHARR RsSRmrogsiiy FuuRo B bR STIREY Coaysi s
of proliferatiogpaf RREALESRR delis ederived fien bulka@DAAET ecldpsigniBehntly iceagedvi r al
transduction of sort purified naive, ¢ al d f ect Ly . + T

cel I's (CFSE ass#tpJifertjogf 8018%09189\%168??&@ f’%‘@'g%o r?gli%%g%td ?%“%ng

ROR1- CAR 30 T cegituré bNessd hass edultuRWitlf (B4 0ARE, cetlent ral and ef f ect or
menory CD4+ T cells (Lum nex assay i

. Figure 8D shgws anal ysi f oki ne
secretion of CD19- gﬁ‘éb‘f-i“ﬁﬁr?é*s‘@r‘i?h?@&?'@') 5@}”?516@8“?{%? eo,f%(l:)gﬁt(’rc’% and
ef fect or_mergpry(COf ok 55 o by Bnifon Gssave, Saeaiydraieybed efate | @ obt ai ned

by mul tipl ex cytokine analysis (F 7 8B). and proliferative capacity by

CFSE st ai ni ng ( Fe@orgmpsashanganslpgs oichHeall fypgtien. ‘%&%'%Bﬁ‘ﬁe@&d?m&’g 8% eri ved

fromthe nave subsely BladyfgACHRPRORINESR T @edesivel frdinasy OBdieliand
vi‘gorou

proliferated nos Isly after stimulation with RORL- positive tunor
cel I's, suggesti mgythdystseitediieptouide helpite €88t 6 ThargrigHer defseyergepigined in

experiments comparing the function of CD4+ CAR T-cell lines expressing a CD19-

25  specific CAR. Figure 8A shows flow sort purification of naive, central and effector
memory CD4+ T cells based on expression of CD45RA, CD45RO, CD62L.Figure
8B shows analysis of proliferation of ROR1-CAR T cell lines that were derived by
lentiviral transduction of sort purified naive, central and effector memory CD4+T
cells (CFSE assay). Figure 8C shows analysis of cytokine secretion of ROR1-CAR

30 T cell lines from sort purified naive, central and effector memory CD4+ T cells
(Luminex assay). Figure 8D shows analysis of cytokine secretion of CD19-CAR T-
cell lines from sort purified naive, central and effector memory CD4+ T cells
(Luminex assay). The cytokine profile obtained by multiplex cytokine analysis (FIG.
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5 CAR CTLs. Anal ysi s of cytokine secretion of CD19-CAR T cell lines from
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of the CD8+ subset, and that maxi gum proliferatijon o t he CD8+ subset is
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T cells indepen y“conter direct anti-tu |cacy ynmphorma nodel
i n i munodefi ci ems desntmaé {ehOB/ MRIDCE@ER CYLs. C@r@@lupﬂs lezfls i apanqrepsgin twape

i nocul ated 30 wit e X via tail
vei n injectidn 5?16&' rpé(g{tjg%u?/ﬁ &ﬁheaélégﬁa'l% au%‘??‘ag?“ %MT %r%ﬁ%?a.}:% ﬁﬁs M ce
recei ved either leb%uﬁfséﬂsbbs&n&:dlaﬁecbomultmmm&DMQRl%E@dwem centr al
menory- derlved 41_ Géﬁ d or. control nock-transduced CD4+
nave- deri ved T ‘éa‘v(eSE)J“TB Oﬁéﬁalgﬁ a&?%‘{l’l buti on was anal yzed using
serial biolum nescegD% 10T8Rdwaghe superior abllgly oflCD4-5O AR -tdiidinasigerived &bmnon and

synergistic effect + ROR1- CAR nodifi ed on.the .anti-t
efficacy of CD8HRORICEARCCPEUSPENt PmpsReeile ‘Erﬁﬁ%ﬁa%%ﬂfeﬁemé?l mse)lpsot e?h% mant | e

cel I I'ynphorgg ( NgghJekRdrifih bét@almrééﬁpenmmwnﬁUDSemmAmw nodi fi ed
CD8+ and CD4+ T cells in a nouse. tum {meg Eééz%emc aggressi ve mant | e
cell |ynphoma (I IERB-GNR Tapedh 19??@“6‘1“ th R maRtlsg glyd’?@ﬂnﬁescence
| magi ng after adgptiing J&l{oaﬂf’fﬁ@Eu&flor%"ty RERD4-CARRATLA! 1ifebddrivRORbMEAR T
cells or a combination of CD8+ a CD4+ RORL-CAR 10 T eIIsTceIés

m ce received taivs alllhsettt@@%ﬁm%b@@%'ﬁpe@KR prolifgratien of central memory-derive
CD8+ CAR CTL was confirmed in co-culture experiments with CD8+ CD19-CAR

25  CTLs and CD4+ CD19-CAR T-cell lines, stimulated with the CD19+ mantle cell
lymphoma tumor line Jeko-1.

Fig. 11: shows that CD8+CAR T cells and CD4+ CAR T cells
independently confer direct anti-tumor efficacy in a lymphoma model in
immunodeficient mice (NOD/SCID-Raji). .Groups of mice (n=3) were inoculated

30  with firefly-luciferase expressing Raji tumor cells via tail vein injection and treated
with a single dose of 10x1076 T cells. Mice received either CD19-CAR transduced
or control mock-transduced CD8+ central memory-derived (A), or CD19-CAR
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p:ﬂgf gr ably primay b;olmmamce&";e imagiig.rehi day 6rafinkteyner indeg@iondbrdorn HrEMSIY | n some
enbodi ment s theé%'?a%?%{t.?chgﬁg @é&nqgg\n%ngor(egéngﬁgg%ggmm &%&c@%h&“\tm@)f ferent

donor) as tHe r i sonme e T cel are
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the T cells arcs enei dth
are identical t&f! racomcbm(edg?e gﬁ’&t%contahgcgﬁh%%débguse ﬁ(ra(ragit nbut
E:eDES iri toI ?)T Ilsamm@yms%\ugﬂ&e ﬁkﬁiﬁ@lstbce&rr@%abdmsctbafél“sa]ﬂls{HXKéO”t%e%r@beIS(Oif e., a

ce n sone enbaodi ts such cells are pref
cells (TMcel | s)tum?rabturdsflé‘SIB&gEB@H“eéﬁeﬁ‘é? REHES e Nt d ‘i’eité‘QrLA’lcathﬁ’J?{ cel I (or
elg Te)s . 22 @g ] h@ajlga%%ﬁ gi‘ Rtgé Soﬂot@t?] 3Nm&8 tregedwith cmmem 1ORCAR T@'ELS ahdin

an on the ce t e

hﬁ; gecr eased e%?@%@ﬁ@ﬁ“ﬂ?thmda@go%aﬁ+¢%1%§?\%Fggﬁ’r@8&c ?ﬁg{ =
enbodi nents, ce I Aideaverethpn dmenpad
o8, CDL27 @Zkﬁﬁ%enf‘ﬁ%fe)bl&:ﬁ aléﬁ%@ﬁea@pg) The/ AideGverethp erpad GIB2L, CCR7,

, ave decr ased e i RA as
conpared to naveceaflirpculpsr ERpE HreRr crikandphe frequenay o ?giﬁi Eﬁ@?ﬁi § E EE ef
herein refers t Ocefl‘splrl‘fi‘lrfl=',t ﬁegiﬁﬂeral blood, and tumor engraftment were analyzed. In mice treated

25  with a combined CD8+ and CD4+ CAR T-cell product, significantly higher levels
CD8+ CAR T cells after the tumor challenge (C lower panels), and complete
rejection of the Raji inoculum (after tumor challenge right grey bar, B). In contrast,
in mice that had received CD8+ CD19-CAR CTL alone, we did not detect an
increase in CAR T cells after the tumor challenge (C) and the Raji tumor cells were

30 able to engraft (after tumor challenge right black bar, panel B).

Detailed Description of the Preferred Embodiments

"T cells" or "T lymphocytes" as used herein may be from any mammalian,
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experienced CIL that does not express or has decreased expression of CD62L

on the S;&&B%f‘z/léﬂﬁﬁeo‘c as conpared to central nenory ce%gﬂ%{Ugg@g@g&gé not

express has” decreased expression of CD45RA as conpar ecell. In
enbodi ments, effector nmenory cells are negative for expression CD62L, CCR7,
CD28, CD45RA, 2@refisblppémpesspedissgintindingohReysadvgs anp hiirehst Ia sovdve cel |'s or
central nenory ce

| S. "Nave " T cells gs used herein,ref t
anti gen experi eﬁ'@gﬁ‘ﬁ‘?emﬁ?ﬁﬁo‘i‘@? %reﬁﬂ%ﬁen‘ﬂ%BJF(E%&@?%%@EES%&%gt%i@g&?s“ogﬁdadggg
Prgﬁm expr eisis orI Bﬁ&e%ﬁ@nﬁ&gﬁkcﬁxmf(ﬁ&sd'nﬂi@dm&n@%’ﬁ@ellsaﬁe aesIpuedhd doneent r al
ry cells. In sone enbodi nents, nave + T :
characteri zed b?n‘f'ﬁéreé%‘?”éé@iﬂlﬁ‘nsaﬁf); F5SOBIE 9‘5!38%%%@%%%%5%1%\9?@%@ | s
i ncl udi ng CD§2L dofkdeid therdiertd e difHedrbut ardddakiddl Riins). "Effector" "TE"

T cells as used herein refers to a antigen experjenced cytotoxic T
| ymphocyt e cel |'s t hatY@lxisok IYWBQ%C3P9W§d gipgefers e %%&‘%@@Fﬂﬁﬂ@? CD62L

, CCR7, CD28, angdyat&eROI58 bi 48 shrfice HAREWRE a BTG RAY. IiPiMeAmpamRaied t o
30central nenory cells. “Enriched” and "depl eted" as used herein to
descri be anpunt suchfceldsare prefnabdy Tmempryi keellsd T aells) that a5e pigen-gyjedencedrg of the
m xture of the cell s S tep ! ibdpCrease in

t he nunber of the "enre?ltt:r erg{nqt pzcgmﬁaﬁ%' )é\érgehggueﬁei?ﬁméfﬁﬁte&#ﬁaﬂnggeé} of the
"depl et ed" del | sxpeTibusd CHEphatgkpressenfoRo2LhandSIA5RE aFthe pustage thgieph pnd

popul ati on of cells | I Ghl ! :
conposition mayﬁgéosrﬁog%egg%’ﬁgiéfd&é%)%ggdg%%ég?gﬂo(gﬁglgiﬁf%?ﬁﬁ %llrgh ﬁoﬁ&(cigpls nunber
f)r count) of thdn'embodiolests, cested! nenmndealld are30sitigdfor expression CDP2bFERAt or

ess (i nmb " ) . L- [
 knonn and desGHBeEDIH, PR 1SS Hhf el cprosgigh PREDS AL 12

as used herein kehpdred fomathiceilsti ¢ antigen receptor conprising an

Sasoci ated Pt 10t heRFREREmeBy TUPtelevals A e sl (PRIl g
do gai n ?f t ﬁeTDlg: giéﬁbecr)i@ﬁcreatd’lefthditeﬁ&quroo ?I'mlrm Uﬁlmsalscraased)ﬁpirmpmbfﬁpﬂimmthm .
Pl O AT EETE R NN
of tunor-speci f iggcrdBdexbréssibh 8f €D45RA as compared to naive cell. In embodiments,
effector memory cells are negative for expression CD62L, CCR7, CD28, CD45RA,
20  and are positive for CD127 as compared to naive cells or central memory cells.
“Naive “ T cells as used herein refers to a non antigen experienced T
lymphocyte that expresses CD62L  and CD45RA, and does not express or has
decreased expression of CD45RO- as compared to central memory cells. In some
embodiments, naive CD8+ T lymphocytes are characterized by the expression of
25  phenotypic markers of naive T cells including CD62L, CCR7, CD28, CD3, CD127,
and CD45RA.
“Effector “ “Tg” T cells as used herein refers to a antigen experienced
cytotoxic T lymphocyte cells that do not express or have decreased expression of
CD62L ,CCR7, CD28, and are positive for granzyme B and perforin as compared to
30  central memory cells.
"Enriched" and "depleted" as used herein to describe amounts of cell types in
a mixture refers to the subjecting of the mixture of the cells to a process or step

which results in an increase in the number of the "enriched" type and a decrease in
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15vitro and in vivo. In sonme enbodi nents, naive CD4+ T cells possess an

intrinsi g\wp;zg%réﬁm“ng that | eads to superior hel per act %’?'T@ﬁﬁ??g%@?? to

CD4+ T ¢ rived fromcentral and effector menory,
cells. In enmbodinents, tunor-reactive CD4+ T cells are nodified with a
si ngl e- chai n athe inbmblyr-of étei "dedetedYi calty. Thusatdpending ueneld ©urce GARE ofigiadli fic for

t he orphan 20 tyrosi.ne Kinase.r or F or for the CD19 nolecule. RORL
is uniformy ex%?pélgagglaogﬁ? ﬁﬁ‘ﬁ’bﬁ‘fﬁ%%é‘ﬁﬁﬂﬁ% PSR qﬁre(oéﬁ?_r?poéﬁ‘an Mt | e
celt! bI érrp??rgg) (W@fin ando%g?,sﬁmm pé&rcdnfbt thére inanmdat dr<Bedlonmnoc! onal
ant i body gonfers spec recogni tion of | ignant, but not mature
normal B cel I's \Eredy s aaddl. 3 Bob dad GFserter s R pumbes ot sopnd gERRE- CAR T
((::eD|4| sTf rolmI byl k"@p[gtea‘s&mgwfsort purified nave, central and effector nenory
+ cells are obtained fromthe peripheral blood of both healthy donors
and CLL patients. conterleylgin-1S s kngwh ged Sgserdhedine foysrempisIUR Yot NG ¢~ activity
agai nst RORI + gump{g . including primary CLL, the MCL line Jeko-1, and K562
cells transfected with RORL. Multiplex cytokine analysis detects high-1Ievel

production of Th | cyiARi R&SedMekdin @erSiodRinidrizantiden rédepdeton@iétiganof 1 F1\ 17,
TNFa, and particul arli/ I L-2 conpared to, CD8+ CAR CTLs. CFSE staining shows
dramati cal |y hi gHepeliyia varabledomsin offapeptitody spacyicifgrpnantigenreieiafd Syt ve

tumor cell sgoW {1 dRe4sH of MSorBGaRE B A8ceMhilaf Sbdading Dethaivef £TicBbCskEr t O
proliferate and the nunber of cell divisions that the proliferating subset

under went bei ngreseRIATR-ISPeEAtHA SpsHYHEry oBWar ed to CDB+ CAR CTL. CD4+ T cells
obtai ned fromboth heal thy donors and CLL patients acquire anti-tunor
reactivity afteMogenditheDisoldsirnecati on with a RORL-specific CAR Moreover,

the ability to proli 5i.n the absence of exagepous cytokines and to
produce high levels %E%EYYEWWF%%‘“%‘WHQf?lair%?glf'ﬁ%\at“a FYEAR T cell's
exert typical hglopfkatiol/\etsisiise aid ii-thihbifehdiv inpof tumoosgbific KDSEAR cfin th
suggests that in additigon to conferr,j] n% di r_ecéDf\ﬂlricéﬁsuanr ef fects, could be

utilized toléug'ﬁ‘é‘ﬁtan? By gbmqq ogtsgeNtsHaive 0ssess an intrinsi¢

programming that leads to superior helper activity compared to CD4+ T cells
derived from central and effector memory, or bulk CD4+ T cells.
In embodiments, tumor-reactive CD4+ T cells are modified with a single-

chain antibody-derived chimeric antigen receptor (CAR) specific for the orphan

20  tyrosine kinase receptor ROR1 or for the CD19 molecule. ROR1 is uniformly
expressed on chronic lymphocytic leukemia (CLL) and mantle cell lymphoma
(MCL) and ROR1-specific CAR from an anti-ROR1 monoclonal antibody (mAb)
confers specific recognition of malignant, but not mature normal B-cells when
expressed in CD8+ cytotoxic T cells (CTLs). ROR1-CAR T cells from bulk and

25  flow sort purified naive, central and effector memory CD4+ T cells are obtained
from the peripheral blood of both healthy donors and CLL patients. CD4+ CAR T
cells had specific but weak cytolytic activity against ROR 1+ tumors including
primary CLL, the MCL line Jeko-1, and K562 cells transfected with ROR1.
Multiplex cytokine analysis detects high-level production of Thi cytokines with

30 significantly higher levels of IFNy, TNFa, and particularly IL-2 compared to CD8+
CAR CTLs. CFSE staining shows dramatically higher proliferation after stimulation

with ROR1-positive tumor cells, with both the percentage of cells that were induced
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The cytokine profile and proliferative capacity of RORL-CAR T cells 10

derived f I ort purified CD4+ nave, central and I ry
subset s i‘&B(r)PBIZ 1?%‘1\%13 The CD4+ CAR T cells, derived from$ij&§%%(gl&@%5m+

CD45ROCD62L+ subset, produces the highest |evels of Thl cytokines,
especi al | y | L- 2to moliferatecind thrermamber ofreell dvjsams ehat the RORIetating susseoaldesventt ndeed,

in co-culture experi.nepts he additi R- t ;

unt r ansduced CDﬁangrSI%l}éﬁ?agﬂy égg%r cp@bgﬁeggys%%%ﬁggﬁnf(g@ +:ﬂ’§%£:]° it

tCZ gor - preg:i {j i c(::ngmlFiofheTelamiygantq ahiDBEL QAIRNESHcGuirel antisan®r reqrdiownl afent S,
-nodi fi e + cell.s deriye th I

effector nmenor ygﬁéﬁﬁﬁ%@?@ﬁwloﬂﬁ‘}’% a%élif)ﬁrgeg %%ﬁﬁ%&?‘@ﬁ% %ﬁﬁ%ﬁ%@%&w

proliferatiofn ofn thdibserfohBf &xbaendubBgtokifidilanadto sredme Yigh 16@lslos ThRWRoIAkAEs

intrinsic progranmng that allows 20 themto persist faor extended period
after adm ni st rSenTateihatc RidedR tlifehs eise t}ﬁ’r‘%ﬂ B‘FIPeé(f““é’HB%Seﬁ)%‘eb?““@gﬁg“Tl gefl s

for i mmunot her agyough theRMRdhdRBES s thiftiH addhRn@s cSHRkAnEAR MR- Aihed CTLs from

sort purified CD8+ central nenory T cells and CD4+ nave CAR-nodified T
cel I's provide etifisteeidbbeortilized taapgnen tumpispeiguCR8 eIl subset. In

enbodi ments, tunor - SRRG fokhe GR¥fie dndibilierafivlabact) bF RORTRFAR §agHI Vi LY 25and
fic CD8+ T cell d

provide help to tunor-speci ) sinyvitroand in vivo. In a
sp_elc! fi g enbodi feived fromrflom sopfenutified COpH naiye, centrabandredfertonmenaysubsgiidet ar e
utilized. In a”%t}.ﬁﬁd?ﬂ% LR Tl oY BRI > nodi fied
with a T cell recep{ or ?@ﬁwe %%R%g? g&gé spzvgi-E%l?c for@]gﬂﬁ&gnti gen,
pat hogen or t untP62k-hebectaredut@Rbe highestriemgls p{iRplrcytakinegenpecialy Hel sandma

Gt 1 gens Tor exBRBTEe hreide LENIRT rioffohs il infb MAGERRRHIRILL Y | g
Descri ption Conpesiditiansf CAR-transduibeel, butsiol weranslugadUDHEE célisieadntoadopt i ve
e OO FARY e QAROR Hn o EORPHbHeRoRo A LAR CHLTdohed Nel per
embodiments, CAR-modified CD4+ T cells derived from naive rather than central
and effector memory subsets or bulk CD4+ T cells results in enhanced proliferation
of CD8+ CAR CTL.
CD8+ central memory T cells have an intrinsic programming that allows
20  them to persist for extended periods after administration, which makes them the
preferred subset of CD8+ T cells for immunotherapy. In embodiments, ROR1 -CAR
or CD19 CAR modified CTLs from sort purified CD8+ central memory T cells and
CD4+ naive CAR-modified T cells provide enhanced proliferation of the CD8+ T
cell subset. In embodiments, tumor-specific CD4+ T cells exert anti-tumor reactivity
25  and provide help to tumor-specific CD8+ T cells in vitro and in vivo. In a specific
| embodiment, tumor-specific CD4+ T cells from the naive subset are utilized.
In another embodiment, the CD8+ and CD4+ T cells can be modified with a
T cell receptor (TCR). The TCR could be specific for any antigen, pathogen or
tumor (there are TCRs for many tumor antigens in melanoma (MARTT, gp100 for

30  example), leukemia (WT1, minor histocompatibility antigens for example), breast

cancer (her2, NY-BR1 for example).
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5augnments the genetically nodified cytotoxic T |ynphocyte cell preparations

ability t i a cellular immune response, wherein
Iynphocyt‘gocrzggﬁ/ﬁ%sﬁépar ation conprises CD4 + T cells tha?gﬁy\ﬁg&gﬁé%sneri C

antigen receptor conprising an extracellul ar antibody variabl e donain
specific for th®etuiled Pescrgpgivoci ated with the di sease or disorder and an
intracel lular signali. domain of a T 10cell receptor or other receptors.
In some enbodi rrgﬁp#)ﬂﬁgg-sadopti ve cel lul ar i mmunot herapy conposition further
conpri ses a chi neri cTiadisol@nrerpeaédes dor anadortive deltulummmspeledrdgycofap8sttion

cytotoxic T | ynphocyte cell . preparati that elicjts,.a cellular inmune
response, Wnerg??fn?%é“gcaﬁ%?t&%ﬁ%%?d‘?’ﬁﬁ&rgﬂ[’ﬁaﬁémgéqﬁeﬁ%B?P%ff’ti’ tfj‘l?:torrpri ses
CD8+ T cel | sst hafignidbanegsnetdailyRiolified 6ytb@eiR T BEOhéete e prRparaiictg ability
extracel lul ar si nrglscf chal R@aami body specific, fﬁrwgn ﬁ. tigﬁg associated with
the di sease or & BeHeep celipr dRmuRG fespRonps. whereindhghelpsr QY‘H Yfist a T cell
receptor. pleBarGfHEcoRPRGE ATRM ST colB tRAFRAE b CRinfeAl bitigdh rdcBtNOt her apy.
conposition conprises a chineric antigen receptar nodjfled tunor-specific

CD8+ cyt ot oxi ¢ YorRwisjiigsmexiace!lelan antipedyariakle demain specidicifey theantigey| | ul ar

| Mune r esponse s WSKESivith tHe&lie¥de ¥ b@erTan WHRRAEM hufir SighdlinR USRHBF b IN
conprises CD8+ T cells that have a chineric antigen receptor conprising an

extracel | ul ap spﬁbneeep@qmr ﬂthemwe_msms,f specific for an antigen associated with
the disease or di Sorﬁ%‘ém@@ﬂbﬁ&\m’eﬁl@hﬂ%@!}ﬂtﬂlg@éll@dr%ﬁhh&&r%i&@ogfio@ T cell

receptor, in conbination wth an antigen-reactive chineric anti gen
receptor nodi fi Gdtheascn@isesa chitherfopetiganartepthe modidigd tunennsondBrODéegat i ve,
CD62L positive . C j pt abl e
carrier. FRoigRR binbfioskieiEl pRoadlich BoRBAIPER Ik 1EBOEE 2P oy
conposi ti on conphesasthacytatnsic Jeymplpegtefcelt pepsatiancomptisas € D8H Y eghadeyt e cel |
preparation that 30 elicits..a cellular i . I . t he
pati ent conﬁ?neha‘(ﬁ atcﬁma?{‘ca?ﬁflg%’erﬁc-ep é’ég?wé/rgs%pa?‘r?%&?cgﬂggﬁl e#h\ré@gag%%égff

nmodi fi ed nave Cl¥etifit fheinp@tigardstoctaltdtwituberdistase othiiso@ed and amminesclelaponse,

wherein the hel per T | ho ell preparation conprises CD4 + T cells
that have a chi %P?lﬁ‘gél%%‘é‘éﬁgﬁcfgﬁ?%wgi3

In some embodiments, an adoptive cellular immunotherapy composition
comprises a chimeric antigen receptor modified tumor-specific CD8+ cytotoxic T
20  lymphocyte cell preparation that elicits a cellular immune response, wherein the
cytotoxic T lymphocyte cell preparation comprises CD8+ T cells that have a
chimeric antigen receptor comprising an extracellular single chain antibody specific
for an antigen associated with the disease or disorder and an intracellular signaling
domain of a T cell receptor, in combination with an antigen-reactive chimeric
25  antigen receptor modified naive CD4+ T helper cell derived from CD45RO
negative, CD62L positive CD4 positive T cells, and a pharmaceutically acceptable
carrier.
In other embodiments, an adoptive cellular immunotherapy composition
comprises an antigen specific CD8-+ cytotoxic T lymphocyte cell preparation that
30 elicits a cellular immune response derived from the patient combined with an
antigen-reactive chimeric antigen receptor modified naive CD4+ T helper cell that
augments the CD8+ immune response, wherein the helper T lymphocyte cell
preparation comprises CD4 + T cells that have a chimeric antigen receptor
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co[rpri sing an extsaacel | ul ar anti body vari abl e domain specific for the
antigen ag %1 with the di sease or disorder and an

signali ng_g 2?1%90]4 a T cell receptor. In a further enbtll))gtr}r’@%@z 0gdr?%adoptl ve
cel lul ar i mmunot her apy conposition 5 conprises an antigen-reactive chineric
antigen recept ocomm;;]mnfg] aadema'caﬂalacmmbo'a’y Vmeiapbrdomeinlsptdim foathg metiges t he CD3+

i nmune response er hoc rat.i i
S R R e g e S

extracel | ul ar auodll deceghyorvari abl e dorral n specific for an antigen associ ated

with a disease or di

cell receptor. In en%d’tﬁqﬁéef’i ﬁ’gllltnt r gtl“lf?gﬁleg%lf“ lh&ﬁ%ﬂ%’(?%?‘gg%%qgmgfg Hoa T
sel ected frosn t bemgHisesisn m@a-&hmg chilnefiaugigePdetepiocabdified mtcmm Trenory
CD4+ T cel I's, effector nenor cells, or bu cells. In sone
embodi ment s, CDhGrp‘HéF]ﬂ)g‘ia“F H%@%“ myg rgpﬁrgfav@emgmejl;el@gq , wherein
the naive CD4+ 1theb%ew@réﬁmoﬁcéﬁpxﬁ@ﬁ@mmQnéaaﬂiave@ma{gmmpgeﬂ cel .

I n enbodi nent s, cytotoxic | hocyte ce i.s sel d f
group consi st i nEcERtOTeMpEisiapan extraceliyl %ry B?ﬂywava% fespajn enssif fic fsa& | gomthe
ef fector nmenory (IR aLoGfkd Kitkh dREAK of iiddr RE b Tt &elll RPNBNBARAchATROE S, t he
CD8+ cytotoxic Trglgsrrp hocyt e (l:e |sS a centrzfl n”em)r?y T gFrI\ ereaimri; fhé
cteﬂtral nbnegéﬁy FTasll recepapri ses a CD45R0+, CD62L+, 20 CD8+ T cell. In yet

ot her enbodi ments, the Gt DL Trhi¥dm I tth@l menor
T cell and the CD4+ﬁ per e?é nphoc teh%:g %@%ﬂﬁgeie ls(éllie){}c@d(ﬁ%tz,\}lltlﬁé1 d
In alternative gwbpdomhngofrtakwcﬂ) p@llswntr@énm £D4d Tiietln eHfeqt@c ombi nant

T cell receptor
There are 25 TC&SI’%@ @Bhurﬁlc?ﬁsﬁgfﬁgl%tépggﬁge}l%Ws@%&gﬂnﬁﬁrmeﬂﬁt @?@weﬂelgér tum)r

exanpl e), | eukesingphot¥¥d celhis paaivhiCBE o o avhentin itheylaaznﬁlljérTscellfcemp@s@aﬁpl e)

breast cancer ( f 78 of T

| ynphocyt e [}Bpu@“%%ﬁwg#« Cg%gg?WOns esﬂg%ﬁi@bbﬁgﬁg{rgg}lﬁeg?t\??de for

gglt : ggtne(r]I e?(r:]t |a \égytaaﬁo dar: lgmphcﬁwt 7 +ell id gereptadcﬁy)trs:he group consibtihgefiplatye {i¥d Tcan be
ce W ues an i

known t echni que&eliSusatralamemgry m?eﬁ‘ Etl&c rom%rﬁ?rgb ¥ f@e‘?ﬂ oPbull@psged bY

~ cells. In some embodiments, the CD8+ cytotoxic T lymphocyte cellisa central

memory T cell wherein the central memory T cell comprises a CD45RO+, CD62L+,
20 CD8+ T cell. In yet other embodiments, the CD8+ cytotoxic T lymphocyte cellisa

central memory T cell and the CD4+ helper T lymphocyte cell is a naive CD4+T

cell.

In alternative embodiments, the T cells can be modified with a recombinant

T cell receptor. TCR could be specific for any antigen, pathogen or tumor. There are
25  TCRs for many tumor antigens in melanoma (MARTT, gp100, for example),

leukemia (WT1, minor histocompatibility antigens, for example), breast cancer

(her2, NY-BR1, for example).

Selection and Sorting of T lymphocyte populations

30 The compositions described herein provide for antigen reactive CD4+ and
CD8+ T lymphocytes.
T lymphocytes can be collected in accordance with known techniques and
enriched or depleted by known techniques such as affinity binding to antibodies

14



such as flow cytonetry and/ or i munonmagnetic selection. After enrichnent

and/ or dg\gbghizgllr}%ﬁaeps, in vitro expansion of the desi rﬁgaﬁ%%g@?&gyt es can

be carri accordance with known techni ques (inc not
limted to those described in US Patent No. 6,040,177 to Riddell et al.),
or variations theheoflow hgbmetry indie iampasiesphetid lettios A fiskénricldent and/bre art .

For exanple, th sired T | | | at ] b | at i ded
by addi ng an i niSPIon YEPy Hprige oAt s B SARaR e Gieas B dle R o,
and t Een ?dg: Ngadcordhive W)'tlliﬂktnUWﬁ tejlzclbni'quagéﬁxeladia% batelot Hmit&ﬁmhtﬁas ddfbﬁﬁbddiiwi F“ ng
eri phera 00 nonyc I . , (e.q. uc t.the resultin
Bopuloati on of cﬂﬁl §teﬁ'33%(§?@8112‘Zt°a§‘digeé]aeﬁwf9)a8ro‘@f‘g%(§nsilt?feofg‘,a?\g}]]ttﬁ‘(?pB‘?’e%r e °

PBMC f eeder sgel {oshdsekkiiéCih tHe drynphocyte in the initial population to be

expanded); and incubating the cultur e.g.. for a tine sufficient to expand
the nunbers of T cell%§yxample ﬂ?fcﬂt‘l?f*‘é"ld\/f%ﬁ(“d’@g?lété‘a’e‘?r sptnopulaionMyiior i se

gamma- i rradi at egkpBRNE b, a88RE art BltlaST 1y ibhS Y. psrHiRRkdh RN éBturd haliBMS/i86,8

irradiated with gamma rays in the range of about 3000 to 3600 rads. The
150rder of addi #iddhenorddingdo the cultyrg madigmefeedgesellespelsasmonididdipg peripherehedi a

can be reversedyjbhd A6RdruEEar c-gﬁse(th‘Pl}Ié_)E(e?‘gt.,ﬁﬁéh &Xﬂh@ékﬂlﬂn%p?ﬁﬁ&b@ﬁ&ﬁs under

conditions of tenperature and t li'ke at are suitab or the growth of
T | ynphocyt &&. ¢awtainsiaélegstaheui Sot0, RArpaA0 v mored WM deeder qelly foagashdi e, t he
tenperature wl Ly, -be Ritandan) 82 ieEBatlne i WRureRs gf erably
at | east about @81%5%%%;% lﬁglﬁgsogbgﬁﬁggﬁgy%%out)’ 37120d%g%e_es. ureit.£ The T
| ynphocyt es expémdédicisnificiedbtocypant the reinbeisyofifteetis)t Bre nopividiag tpegrsicpilsr T

| ynphocytes that_are eciflic. i ege : pdunmor or a
pat hogen. —cpti ot PRl PR KRR PSRRI RbRBURIR N LTPL O o
addi ng 25 non- dPBMdI arg irfaBidtedrveithsgaomimedyd iy thetreidead nbiud 3¢¥) th 36¢0@ly e f eeder
cells. LCL can be ir i.at e it a [ i 000 to
10, 000 r ads % Trepdr PR S pdr e AT TR ot iufe R Bh bR ARG
such as a rati oif@ksile@THeaatekr caetypisallyobe incubbtadl uilder yorplitooy bEismpératate | east

about 10: 1. Qotio&!)g, t he expansi an net og furth I the step
of addi ng 30 an't“idf|t ﬁl%?fc?&‘f %‘htgli’ © i‘ﬁ@?%%‘&‘(fgﬁto T{]ﬁ'ép}éoﬁﬁeﬁr%ér &rrlg |0uur§$ & g., at a
concentration oOfurén T Bafho&heifor Oxdmphg At tympdntuieavitligknerallylbe aelepsalsiuon
met hod may further con&%gse t hfg E‘t gg of ?d"gbﬁg |L-2 arréd/r L abirad 5P ¢ he
cul ture medi um g2degrees (Rispis; peipralyablsag 4pY FEET: TRCPT LY *PEast about
10 units/ Mg degrees. After isolation of T |ynphocytes both cytotoxic and
hel per T | ynphocytes can be sorted into, naye, nenory, and ef {: or, T cell
subpopul ati ons ei t heFhepkhaBogiessrpas e‘g%(ﬂl&;i%?%‘ﬁ?x‘&géim@@cwgs Cg]ﬁrt) B2 obt ai ned
by using standapg,det hRgdRocytdd 1P HR specific for an antigen present on a human tumor or a

pathogen.

Optionally, the expansion method may further comprise the step of adding
25  non-dividing EBV-transformed lymphoblastoid cells (LCL) as feeder cells. LCL can

be irradiated with gamma rays in the range of about 6000 to 10,000 rads. The LCL

feeder cells may be provided in any suitable amount, such as a ratio of LCL feeder

cells to initial T lymphocytes of at least about 10:1.

Optionally, the expansion method may further comprise the step of adding
30  anti-CD3 monoclonal antibody to the culture medium (e.g., at a concentration of at

Jeast about 0.5 ng/ml). Optionally, the expansion method may further comprise the

step of adding IL-2 and/or IL-15 to the culture medium (e.g., wherein the

concentration of IL-2 is at least about 10 units/m1).
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5 enbodi nents, CD8+ cells are further sorted into nave, central rrermry, and
ef fector identifying cell surface antigens tha ted
W th each&§f25fzﬁlggsel4types of CD8+ cells. In enbodinents, tl)ﬁg}r’%%ﬂ?ﬁég | s are
present in both CD62L+ and CD62L- subsets of CD8+ peri pheral bI ood

| ynphocytes. PBMC ar&ftes@srolaeidnidﬂdy@ﬁﬁﬁeﬁﬁhcﬁnﬁxﬂ@ﬁ&h@iﬁ@&ﬂyﬁmpmy&@ns after
staining wth anti nd apti- 10 2 SO odi nent s,

t he expression %a[nbﬁﬁglﬁegﬁg}%inglvw%?rg, tf%‘ili a?e ﬁ‘lf’tpk}lla eﬁﬁeﬂﬁ’ﬁ E ¥da5R0,
CD62L, CCR7, Cm&,reﬁaasiorand CD 127 and are negative for granzyme B. In sone
enbodi nents, central nmory T cells are CD4 2 CD8+ T cells. In
sone enbodi ment s, efqlg@t ‘f@lé?roé’ aé’?ﬁ“?/‘@gf%’?dafﬂjg% C!_S&FQ?‘MCDZS and CD
127, and poss ti Mbddaherly, @MBY-EElIFréffthdbsoRed it alve, doRtrsIahEn deffesidrs, nave

CD8+ T | ynphocytes are charact eri.zed by the expre55| on of otyp| C
mar ker s of navecé s by dentifying cll pyrtpeepsgigens thgtpie asgosipte "Cfﬂ%eac}@fth‘%s? PEhd

CDASRA. Vhet her oacpgh kel In%ﬁﬂodﬂ%t&' ﬁExh&QTe%ll@%'pFéséﬁﬁ nf Rith &épear+ bl ar cel |
surface marker can be detern ned | ow ci/tomatr usi staining with a

speci fic anti bodp6 %Sﬂ'biﬁtstolﬁgf)sgﬁrpﬁ%\@@r%}o% mphecyaes- PR Rsqrigf éHed control
anti body. A cel tD@ﬁQE‘b%IF'aQ@CB%QQ-FCU@F fr&b&xoﬁ’s 4Rt 5%51 %%&ra%nl@)ém apfpsence of

significant staining o he cell population with e specific anti body
above the i &bt y§E62:Iomtlrb©‘liles ybb%ﬂnlq apebodigfeatssthe exmﬁsroepﬁpfsmaﬁymcm@ﬂ@rs efhe cel |l

popul at { on abovgekiindiiY eRr FEMAE ebasRpSOBRCERAH EBAL TR yleepeRse [

expressi on of one or ers refers t e mean
f1 uorescence i nareirm egativedpogrammymedh dresanfe qrehodimrentsgeentshl rn@mrx TtCh&i arex hi bi t

t he marker of {% gglg(ﬁ C%S)%%C?QQTCQIJ ?I?SO%%(V %a@ﬂfiﬁcéjféc T39r°°f t he

cells, 35%of t the ce Yo O e ce 0% of the
cells, 55% of thmgatiel fhosCD6II%EIRT, ﬁ@z&,eaﬂchDBH%mifposlhee ﬁm[gl‘aazynﬁ)%tmd t he
cells, 75% gf t he.cel

t of, the
cell, 95%o0 th%ergoé‘fliljélsmgﬁa 6‘%’5)‘3@? "?WS e8I+I s glﬁgo 85 35% gﬁra%tgﬁzeméagﬁhfo and
100% when conpaépiestion of phehaysio aarkesal df npivpTlcalld mclsludlhgnC@ﬁme, ceibhdDI8nt s, a
cell popul ation S e one or markers refers to a percentage of
cells that exhi Sﬁg ¢IhL2V7"@}dk(éIp2§fA ‘at | east 50% of the cells, 55% of the
cells, 60% of the celWh&her®@2¥lof cdiiRpaiatidrsis pdiieeddr 4 freticidr keall suffade of t he

cells, 80%of the cells, 85%, of, the cells, 90% of .the. cell, of, the
cells, and 100048¥ket ¢3a be deteaming by %t%‘ft%‘&ﬁ’gﬁ?“ﬁ%w%ﬁ% @ﬁ“% ared to

a referencesgel for BRRUHenUMker and an 1s@ﬂ|9€hn§iclh’(ﬂ|cbﬁtf'ol@ﬁﬂlﬁoﬂy.a4 eclbwptRdor Nt 0

nave, central menory, and effector cells by identifying cell pul ati ons
that have cel | Begafvecler amerkge mefers ths absgassiod sigpi %S@é‘?f‘gﬁg *&?d{%ﬁu ned by

standard met hodg,y, a@oﬁ@v‘ﬁﬁtﬁc@ﬂ@cﬂﬁ@ﬁﬂ%%y %v&m@%ﬂyp‘ercwwp@gm@&feam CDA5RO-
CD45RA+, CD62L+ (834 In sone enbodi nents, central nenory CD4+ cells

are CD62L posi thmé)rlaﬁtﬁl@m@w eebigTopylgiéon abavestherisoR B ERITIRE N SSMe of F ect or CDA4+
celI's are CD62L.ang;(IMoR 060814 ¥§pres§QEQPUA@5r'n%§er§tfefeg%ﬁos§Bﬁ1 %d‘ int hat

are antigen speC| I'c can be obtalned by stimulating nave or antigen
specific T Rynpthecyae Sueteschnesrinteeiin andtor deseasef ecrcenigegé pellseat PYIRIL T cel |

cl ones can be IRASLAES: ke QIAITARL uisr 9. 0} BARS Y of okl ngy I cel | s
fromlnfecteds j ects an I nmula ecellsinvitrowth t sanme
antigen. Nave Ttheetllss40Payf EhlesdlsbéS%Sédle célisy SGYanbibe cells, 1 p@@nselfsr Qﬂ%t unor

of the cells, 65% of the cells, 70% of the cells, 75% of the cells, 80% of the cells,

85% of the cells, 90% of the cell, 95% of the cells, and 100% of the cells and any %

30 between 20 and 100% when compared to a reference cell population. In some
embodiments, a cell population positive for of one or markers refers to a percentage
of cells that exhibit the marker of at least 50% of the cells, 55% of the cells, 60% of

the cells, 65% of the cells, 70% of the cells, 75% of the cells, 80% of the cells, 85%
16



15cel l's, cancer cells, or infectious agents nmay be utilized. Exanples of

such anti de HV antigens, HCV antigens, HBV an §M
anti gens, §g§%‘2é1'}§|1§ anti gens, and tum)r anti gens such as%gH%?ﬁlm yrosi ne

ki nase receptor RORL, tEG-R Her2, -CAM CD 19, CD20, CD22, nesothelin,

and CEA. In sonefthmumd,imm&he &dﬂe9ﬂd0ﬁﬂmk‘¢€llsgﬁidllﬂb%rofithéfﬁdn@ﬁdd%ﬁw
conposi tions arge usef ne treatnment of%{%EZOdl ease or disorder

i ncluding a sol ‘ﬁw‘felﬁ‘r?ﬁrandilu% FOFR EITEPa P 8 reffregee © N or infection

with a virus. Mdificp+ Dnelpér ctlld #epdirraYiite npog dbikal ﬁl@ﬁlory, and effeBtoB &INE
enbodi nents it g,a%/ be de5| % i nt roduce_functi onal enes intothe T
cells to be use dﬁntifhlﬁ&ﬁ%l w’ Hons that havesel spréace atfasny: D43 wahpeytes

di scl osure. 25 Ee@nrbe%ﬁ[mhﬁy stahfird MbthedHAdmE e RBoAmeA8 AR @Y+ TTPr Ove the
efficacy of therap prormt 3 the viability and/or function of
OC

transferred T cbmp oPd e DGea&iRt heglkdr seree per i t

sel ection and/ Oéml?dd%éfﬁst b&i?ra%eﬂq@ry‘dlﬂl RHE ¥k W62 hodThi e Alicusrey ¢ hey may
i ncorporate functions that I nmprové the safety of i mmnot her apy,

exanpl e, by nakpesiiveHa sera¢ pmbedimerps: icHpdon @ hieesls pre£TXBLand CHYSRA VI Vo as
descri bed by 30{% @' S Doet al., Ml. and Cell Biol., 11:6 (1991); and
Ri ddel | etal. man Gene Therapy 3:319-338 (1992); see also the

publ i cati on%0 of PCT. /HQS@lzﬁ@fSMZde@nPCDB’US@MIQBMHlspeCLﬂPplaOhe ebtained by

descri bing the éﬁrﬁlle& l?l%.lfvg BFL Ugafl%fb?ﬁk %&rﬁ'@‘lo@z&e{ ﬁﬁﬁ Qfﬂlégﬁ or eﬁﬂ{gle ved from

fusing a dom nan{ SPiTVe se ative séel éctabl e
mar ker. This caamtilgen smcxﬁc@cbebutoncsmaabcgﬂdmtndeoWmomegaiovwstaengms bues (see,

e.g., US Patent,. de t_.al t I 7). or
variations ther 58 t"fgr?g‘fe‘}&nfmf" ‘8@“”85@’ rtﬁ "?St"f’ Ly %’g??]tée“awitr%% Y}feheart based
upon the 5pr esemedinﬁgdnoM\&Tcells may bRo berbedi Amniusnbeil ofmtifsns e tomds f i ed
with chineric anlgenr CAR). . In conpri se a
si ngl e- chai i an?el I5cageer Ff%i'g H‘Ptse?tgoé‘%%en{sﬁléaty% n%%ﬁr&bg’éa&’rﬁerso%ﬁﬁ%&%w abl e
Ihea\liyd( VH) ﬁndTrégruté%gbeaﬂF‘u@m }(hCﬁ(Lénti(ghﬁi HBVanTtlgenlme'Ml lgflanﬁgéns,aj’a'tasbﬂdy ( mAb)

i nked to the + chai n t hat s T-ce activa

cytotoxicity. CHSEFRurndtamer ‘Eﬁ“é?ﬂilsg‘ikaiﬁ’ ag fyresine ingse prsept ?rr#(gfgbﬁ&tg% CAR by
fusing the cost gyl pi-enw, &I, 0D, CIBRB nRkotkelihBRIICEA . Ne séhBemiidandnts, CARS
are specific for cel | surface nolecul es i ndep endentairurom HLA, thu

over coming the e aiensive erilylas fmmerethessyFaMPPBYLDS A8 Yefthig the treaimert Pt i on and
low level s of Hyubs8XB Bsvede? theRRing'aBlid fldr,Srematologic malignancy, melanoma, or

infection with a virus.

Modification of T lymphocyte populations
In some embodiments it may be desired to introduce functional genes into
the T cells to be used in immunotherapy in accordance with the present disclosure.
25  For example, the introduced gene or genes may improve the efficacy of therapy by
promoting the viability and/or function of transferred T cells; or they may provide a
genetic marker to permit selection and/or evaluation of in vivo survival or migration;
or they may incorporate functions that improve the safety of immunotherapy, for
example, by making the cell susceptible to negative selection in vivo as described by
30 Lupton S. D. et al., Mol. and Cell Biol., 11:6 (1991); and Riddell et al., Human Gene
Therapy 3:319-338 (1992); see also the publications of PCT/US91/08442 and
PCT/US94/05601 by Lupton et al. describing the use of bifunctional selectable
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15CARs can be constructed with a specificity for any cell surface marker by

utilizi nqgﬁg 1022'29519' ndi ng fragnments or anti body vari abl ?g(ilmcg%ﬁ@&% for

exanpl e, nmol ecul es. The anti gen bindi ng nol ecu Fnked to
one or nore cell signaling nodules. In enbodinents, cell signaling nodules
include CD3 tr aﬂsimrg’em@tderi\cwrfmnﬂfusﬁg)a dominaagekikiu &ﬂec&b@ﬂﬁdrkdﬁgvitﬂarmi ns, and

CD 28 20 t nr. d d [ [
domai nconpr | <08 AU CERls PR REFREALIM o TRAVEr LAk RGoBIFE KB o OB

it P; L ?351:{ :Jloﬁr ngmr ke'rnqtmk ?keé,@!@%tlmlz t:NbﬂG ﬁ%o gvaRldnam eedl. s colamhaitiel  or
su S ne

si gnal i ng donai Mar@rwwger@%hat@ﬁ E% W{?mﬁogh&’lsgginﬁ%d ip tghr‘]ateaﬁg’gt%ergﬁ’%g%l@%{ ﬁ(ra

intracel | ul ag sp@bak iRdosdgyrai n of the CD4+ helper T cells. In other

enbodi nents, the intracellular signaling_domin of {he CD8+ cyt ot T
cells is different t¥h&mbpgigenis ﬁ%élafedp%"r‘ﬁ%q Y LR RHET e eP Yotr?leO)C(::I)L

hel per T cells. ¢Ar F%nﬁ@%ﬂlﬂﬁﬁﬁSCARB&m%é aIlngﬁlchalﬂ'aﬁhHoh?f@ﬂémT cel |

are both genetlcally nodified with an antib \¥1§ eavy .chain domain

speci fically bi fﬁaEv)ahwp&rlmb@m Hseariahle heayy ( mnﬂézééab&%lﬂg*@é#) ghajins ot
enbodi ment s, CAB%oﬂgao@Pﬁﬁbe f(rm;) 1fngd to%wf@@ eBX R R fmadhkgens

associ at ed vmth pat hogens cancer I's. In sone enbodi nents, a
CAR i's specil®i cadtiyetiosl aud gmotoyisits., Cqsmxubm g‘él?f?és CaHB‘é'O bepioyidad thraglythent | gens,

Facopt or - RORL, * AR Uflat T ¥hs i AR B <R cERs 8L I8 o IR el I08° e
g/ezrllgdglgo[) plrzng(Rsragp sgec@chogp@l/ sefBor mblechl¢sandspendanicfrasaHLAL #6s be f ound i n
A R i T L
by Bﬁr gerb C et leakls prLACaxpmssi(ai ontomestdllgat i on, 118:1 294-308 (2008), V\:hl ch
G orent” CAR can beC kit FTGaBTAES g anpes T Y sERhReahifenfTR, Oe ”
I n enbodi ment s, utilgndNigéibifdiad fragmdniteg@ntibody variable domains of, for example
antibody molecules. The antigen binding molecules can be linked to one or more
cell signaling modules. In embodiments, cell signaling modules include CD3
transmembrane domain, CD3 intracellular signaling domains, and CD 28
20  transmembrane domains. In embodiments, the intracellular signaling domain
comprises a CD28 transmembrane and signaling domain linked to a CD3
intracellular domain.In some embodiments, a CAR can also include a transduction
marker such as tEGFR.
In embodiments, the intracellular signaling domain of the CD8+ cytotoxic T
25  cells is the same as the intracellular signaling domain of the CD4+ helper T cells. In
other embodiments, the intracellular signaling domain of the CD8+ cytotoxic T cells
is different than the intracellular signaling domain of the CD4+ helper T cells.
In some embodiments, the CD8+ T cell and the CD4+ T cell are both
genetically modified with an antibody heavy chain domain that specifically binds a
30 pathogen-specific cell surface antigen. In embodiments, CARs are specific for cell
surface expressed antigens associated with pathogens, tumors, or cancer cells. In
some embodiments, a CAR is specific for HIV antigens, HCV antigens, HBV
antigens, CMV antigens, parasitic antigens, and tumor antigens such as orphan
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popul ati ons has an antigen binding nol ecule that specifically binds to the
sane 10 i.gen. The cellular signaling nodules can dif i ments
each of ﬁﬁéz%B%Z%FQCDB T I ynphocytes can be sorted in t%gﬁg]ggzﬁgﬁgga
menory, effector menory or effector cells prior to transduction. In

al ternati ve enbodisirerkise @agilor®OR N EEGHR, Hei2, CDECAM, ¢Dphacy2oesDean be sorted
in to nave, central, nmenor

L effector. menory, ef fecta ells prior to
transducti on. 1§‘F?Pﬂéﬁhf‘earnrq§ﬁ‘%/yeél?ﬂﬁi§8qrr?é%§’¥g??@Rrarﬁgfsfggegjﬁr%a 8t fied
vvitﬂ a recomnbi nal@ébcﬁc])ﬁﬁd in aﬂa;)gpp@yfomaﬁ@w(uma/memf7j4@6,}1@1r, alny ant i gﬁ/&iﬂ
at hogen or tunpr. re.ar qQr ny t tigens in nelanoma
5), gp%oo for eg‘hlﬁr%f?l%8@1929%5%@\%2/0@%%Pn¥%{‘b AR FYalyAnd At | geng for
exanpl e), bregaslescARAay Bk 2. ethY; BRYnfcor mesagmion) 11820¢ar3o0 ymosy) hvaghi on
t echni ques have been devel oped which utilize reconbi nant infectious virus
particles for gasdeghy ingepgrateiby sefpigpicesent s a currently preferred approach

to the transduction gfembolirBRROGY iA% Bh difRSeR COTE bk MtRIALdeAto LB oyi T al
vect ors which have been used in this way include virus vectors derived from

si mian virus 40CD4uenbGPBtIdsmphaskied lmesbedimenty the (AR i malypl thesent i vi r al
vectors, and 25,068 kBl ﬁa‘é%ﬁ)ﬁ/nt}ig-gn Wihding Sfechlcfia & cifﬁgﬁydﬁﬁw 5 %% @fle MeL hods

are numerous buf féssent al function to introduce and express genetic

mat eri al i nidranantigemThe stllwar snelinganodyies caredifon ieentwdhngngirash fdheCBéen used
to transduce he et Je b 5 Sve, | ' oCoHimbRsphat e
transfection, pﬁggﬁa{g‘%b@ﬁ |%%%ﬁr&épgﬂéeﬁrlggdo¢az‘ﬁ %%%gﬂ%ﬂ%’gég&% on V\A&?h
reconbi nant adenoaffectos celapeinotodizssioctameth aliemative3mntmdinantst ¢agh pf the Cldct or s.
Primary T | ynphoc have been successf (1 b oration
and by retrovirl é’:)gié@f’i’lboﬁ.ytes can esg&dﬁg\% 'lr’% © \E/%’@? féﬁgﬁ%?b%ffegﬁg?gx&h? hly

ef fici ent met hodr éfeectoge¢iB pribatodfaasductivino eukaryotic cells. Moreover,

retroviral integration takes pl.acge i ontrol led f (Ie) .

2012/ 129514BET/ US2013/45558% mhadimsath fig T ﬁ%?‘i‘& bSE“é’Bﬁs‘eegs‘”ﬁ@ea‘éra Pt one
or a few copi esTqtll tdeptoe RCBBEKIbe spaeifierfordriyantigear patiedgbn or tumor. There iars
contenpl ated that overexpression of . a stinul fa for. exanple, a
| ynphoki ne or a TEWs &%imasYy HHRSF aBHETS re%w%@f?%h@g@“ﬁﬁ&é&?ﬁ&l?& . ™
Therefore, it i fuRediali T, bitRr EEPEMEItibIlLanitigyaITol xampe), ibreabtedecegene
segnents that cause the T cells of the invention to be susceptible to
negative sel ect (sriNY-BRIJOr @pmpighbgati ve sel ection" is neant that the

| nfused cel |fzocan be ohiidlis Mit&fdn dehAqi@HEld beeh dévetdpad@hich Diilideeedombitiaxo
condition of the individual. The negative sel ectable phenohy&gfwna resul t

from t he i nsert irdertiops wrugopsiclen far gé‘%?rﬁe@?’%’Ys%‘ieP'ie'?‘ﬁ“fs)P qugrent stered
agent, for examglgoad d the SARRANS of NaBAbRSIS 6F BE pRRIindEIRA. Beaimnown i n
the art, and inc uge, inter alia the Tollow ng: the Herpes sinplex, virus
type | thyni di needtomahish(hagybden Tsed igBviewisvinelnds viges vegtors desiyed from Simign 1 977)

whi ch confers g%ﬂ'ﬁ% 0, Q&.n[)z/ian DS ia&én&a%%{c'a%eﬁ%irﬁfd% PlenhViRAXeuidrhiang

phosphri bosyl trans ase ) gene, e cellular”adeni ne
phosphor i boogl t rarnsfresesskhug,AeRTrangtsnand dxaressien methedstassPHRCTSRNE nase,
(Mul I en et

essentially function to introduce and express genetic material in mammalian cells.
Several of the above techniques have been used to transduce hematopoietic or
lymphoid cells, including calcium phosphate transfection, protoplast fusion,
electroporation, and infection with recombinant adenovirus, adeno-associated virus
30  and retrovirus vectors. Primary T lymphocytes have been successfully transduced by
electroporation and by retroviral infection.
Retroviral vectors provide a highly efficient method for gene transfer into

eukaryotic cells. Moreover, retroviral integration takes place in a controlled fashion
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15al ., Proc. Natl. Acad. Sci. USA. 89:33 (1992)). In some enbodi ments

it may b&pgﬁ{zzllfmglg include in the T cells a positive g?glfﬁ{sz(;ﬁ@?%g%?bl es

the sele cells of the negative sel ectabl e phen pein The
positive sel ectabl e marker nay be a gene which, upon being introduced into
t he host cell exdresiien the slable ndagtatioh eNaieygpe fyecopidstaf g npePehdtice sel ecti on
of 20cells carryi.ng the gene. CGenes of this type are known in the art, and
i nclude, inter fqngat‘ ?Bﬂgci n- B phosphot ransferase gene (hph) which

confers resistance tipiskygeapped thaBoverdxpressioner agkisnsird Gacpin (dphampinsf er ase

gene (neo or aph) from Tn5 which codes for resistance, t he.ant i biotic
(418, the di hde’B‘ﬂ’IB‘P‘%\‘Eeeorraé’éﬂ?&“S%’é‘aX gﬂ—ﬁ‘—’ﬁf tythe dreatp @gg&@ﬁggf‘ﬂgfoﬁaﬁi‘%ase gene

(ADA), and the whitimedtsist oras inlcaansetodfeliddBhe @8Meats that causdheTeeiafy, the
positive sel ectable marker and the negative sel ectable el enent are ,_l i nked
i

such that |oss &f invertiondehe suseepiiblede pegslive seleatiRaih VACRY RNy selpdlign] s

acconpani ed by {035,QhattEnROK dell\¢8n BEIBRAAR] B aTBIKDT o RIS ITRE B vivo
preferably, the positive %&d _g@gatlve sel ectabl e markers are fused so that
e fphna .

| oss of one obl ¢agditien of e Fol Tthe npesiive estectahle Rbetndype may reSulirfionether a
fused polynucl et §iMiAlnd Il Lol fith: &F adiifisRiQiEH, Br bahigrent | de

that confers bo Ired positive a negative selection features
descri bed abovecingpoanhNseaingctlnctpio spispen dneeingbeart pydringlude ikerriiadher usi on
gene (HyTK). Exppess %egfer&e@giﬁ,p &Gyl §é By iR MRRPHHSE 1 RGN er s
hygronycin B re St ance for posrtive sg ect ?'on Invitro, and ganciclovir
sensitivity for(WiiaeialgCsktll £223,3A77) whidhoonfeSeandiclpyipsengtivity; theeellgdpr  \p|

and Cell. Biolo 11: 3374- 3378 99.. Lt ' r red

embodi nent s, th&’ﬁé‘f%ﬁ%ﬁ’ Oga?rg})@?'l%?n%%ﬁaégé p%veﬁk%dggtﬂgﬁééglclﬂg ﬁ‘gé“t Ye chineric
recept olr S Ftr e Lﬁhd’sﬂidrl;ibwyﬂtﬁdnfsﬁeﬁﬁé (XERD) @atie bavitargl spywir&fd@sr?aa@eﬁ‘éqllen et
particul arly those that confer.hygr i resi stance for positive

sel ection iASvi #h ,rocaﬁﬁﬂ'g%‘ﬁgi %‘W%g}é’géﬁ9%)i ty for negative selection in
v: vo,( 11; grl ) exanpl e tgﬂsbh‘llg&nb@fﬁmem g?_iay\be_maful td?&hxdcs_?ggeﬂmell_zqomoaﬁia; S. D et
al . , supra. See also the publications of F .

PCT/ US94/ 05601, majkerthaignablesing seleciign Bf‘?&bﬁﬂ tﬁ‘f H%gag‘éeeseg %%{C%%“éﬁpgﬁal

sel ect abl e fusi Qi oTERGRSHVE bai@thbld Mk Ghaytengzeae dhichnpot bgioginirodweed

sel ectabl e markers with negative sel ect ahl

: e e Reing nostrive SIGLSE bE
posi tive sel ect &0 hehart kel expagsgesdelommat FieBRR Betted U REFRE YT om the group
consi sting 9? hpklis S Ping ARGAR Gendd i §hesE Riowiedahé arg aseineltialibter mar ker s
are derived tromgenes sel ected fromthe group cgnsi st %ng oft Ccété)Si ne
deami nase, HSV- RIigKygromycilF pasppirangise £ReP GB‘D.W ROBIAT oS BEf r 1 ed
m ke[ S e 15{2'}@&8&&&9 BRlheSRlRFHFRsRe biShRiIra8EBas: gvhe (Rb br ifh frpesinsi ve
sel ect abl e marker®rs
which codes for resistance to the antibiotic G418, the dihydrofolate reductase
(DHFR) gene, the adenosine daminase gene (ADA), and the multi-drug resistance
25 (MDR) gene.
Preferably, the positive selectable marker and the negative selectable element
are linked such that loss of the negative selectable element necessarily also is
accompanied by loss of the positive selectable marker. Even more preferably, the
positive and negative selectable markers are fused so that loss of one obligatorily
30 leads to loss of the other. An example of a fused polynucleotide that yields as an
expression product a polypeptide that confers both the desired positive and negative
selection features described above is a hygromycin phosphotransferase thymidine
kinase fusion gene (HyTK). Expression of this gene yields a polypeptide that confers
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de:i ved from hph or neo, and the negative selectable marker is derived from
cyt osi ne g a TK gene or sel ectabl e marker. [ of

nmet hods c‘gﬁ E]eznléeﬁnsre)l oyed for transducing T |ynphocytes, é’ST{UsS/ZA"m%@F&g%m in
the art. For exanple, retroviral transductions can be carried out as

20f ol  ows: on dhyerdmgdin Biresidtdnot for pogitivelssietiipnRiEMi@Sarmdemaadiclbeie sensitieityn,

provide the cells with 20-30 uyni.ts/m d

P o um i + ity Selsctan Bav S ke, B e okict mat FEI TSR O
net hods and t heni:s3mpBEmEeno1t hﬁdﬁiﬂnthh@ﬁtféMeHl@mﬁodi@ém tRopolpiueRetidaedf 20- 30
unl_ts/m | L-2; ﬁ‘gdag\ﬁ‘ 9@3 he cells and glace in fresh culture
medi um suppl eneRE&YeRiqnn Eﬁ]i“f’@}”ﬁ{ec‘?ﬂ_oré red‘?}mﬁ%‘ vectors spplalping fhe

exposure to &et iQy¥d g8, paRituRlAy tHose Mhehfet i Birésistce edripygtiveedi um
(containing, e.g., an antibiotic corresp oE%tho an anti oblpot |1c resi stance

gene provi ded i flecHen igtitrggnd aqncwyeréﬁl)s“svaps&réﬁ%weae FHUCA BGVRAPt s/ m I L- 2;

on day 13, sepatghfidth@RyeKGatdyial veeitr iSnD. &
density gradient gg)pear at |5'on and ?heen Sg%??%eﬁgﬁtﬁptWS glgagg dglm%}%§+ and

Clr?g+dcel I's can hﬁ%e alssdhe pubdicationh oBRC ISP He8443 and BeTAISORe i AySdP-CAR. I n
enbodi nents, t o f
nave, centr aI E?}‘@Oﬁ: %Acgbﬂ% ?1 ecl!tgg ?f %g{&ﬂ”‘&fgg&%&%@? |f%§(§épge%%§\t}§ggtlu izg(fjdr1 '? |n ﬁgof or
cel | surfaceoanflsipg rasiomxmaq‘mpstttye ededtablf markiers &vith apgatiye pakicsablegharkerp.n

addi tion, CD4+ or Glgt ce é%&t%@&%&&ﬂl%ﬂﬁrk%i%cﬁn%@d £&h %Q’ne@%el&é@&f for YT OKi ne

profile or proliferative activit hocyt es t hat
have enhanced pthedumbicomsistihg of bk neve sndsgntfand prefdrred negativa sel¢ckablonariega, and

R L L

stinmulated with "ec nments, nave CD4+
T cells that hamvemﬁe,mdm HGRCI“; ABRTahd git- Bspeciallyqrrefiibmankers sl ect ed.

Li k
Conpar od t o 15 haiietA s ols BIO ges wheremind S HYE LI FaR gL 0 0°
CD8+cel I's that pédlel fiomaiph or Red, aBPIMB aegative dhiciaglemake isderized fon cosine

exanple, CD4+ cells that proliferate vi ously when stinulated 10 with
antigen as conpdFaHNase okhikn g@?ea?fssg\ﬁ&t@‘bleg@ﬁe% or CD8+ transduced cells are
sel ect ed. A variety of methods can be employed for transducing T lymphocytes, as is

well known in the art. For example, retroviral transductions can be carried out as

20 follows: on day 1 after stimulation using REM as described herein, provide the cells
with 20-30 units/ml IL-2; on day 3, replace one half of the medium with retroviral
supernatant prepared according to standard methods and then supplement the
cultures with 5 ug/ml polybrene and 20-30 units/ml IL-2; on day 4, wash the cells
and place them in fresh culture medium supplemented with 20-30 units/ml IL-2; on

25  day 5, repeat the exposure to retrovirus; on day 6, place the cells in selective
medium (containing, e.g., an antibiotic corresponding to an antiobiotic resistance
gene provided in the retroviral vector) supplemented with 30 units/ml1 IL-2; on day
13, separate viable cells from dead cells using Ficoll Hypaque density gradient
separation and then subclone the viable cells.

30 CD4+ and CD8+ cells can be modified with an expression vector encoding a
CAR. In embodiments, these cells are then further sorted into subpopulations of
naiive, central memory and effector cells as described above by sorting for cell
surface antigens unique to each of those cell populations. In addition, CD4+ or
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In sone enbodi ments, CD4+ and CD8+ cells are selected that are cytotoxic

for anti g&g bﬂg cells. In embodinents, CD4+ are exDT’ﬁ{rﬁ%p 19{09&8 akl y
sC 0

cytotoxic rrpared to CD8+ cells. 15The disclosure c
conbi nati ons of CD4+ and CD8+ T cells will be utilized in the corrp05|t|ons
I n one enbodi mecDS+eelivpoputtionaaydhe SCRRel bﬁﬂ&ﬁm%ﬁn%ﬁlwbkﬂlfé‘ratﬁwebe

conbi ned wth CD8+. ant enr ells to sa nlcseC|ficity
as the CAR In B‘EtWEPSe fs(o} ﬁ’t@%cﬁ%“mhﬁﬁg%ﬁ}éﬁga nﬁa ‘ﬁPrg’ ugfign @b nbi ned
with antigen reapblivg S@Aas- Ice) lis4, ILWO}’ENF@H@H Ity a%QoﬁBh@&jtor@% CAR

nodi fi ed CD4+ and SDB IIs are conbl descri bed here| n, the

di scl osure cont B 'é°t6€§el stp4 fragseuced &W@B@%wb@ 51“§’u@é‘?ﬁi with agigenan beepar at ed

i nto subpoput at kdited. mlbktr MboAMEnts, GRIVE (B4-+EEENS Yhat RRE cRfahest & $duetdn
popul ations. As described herein, in sone enbodi nents, nave + cells are

CDM5R0-,  CD45RAN ILeSplfor ToNBa- arersejester sLikewise 6R8+ecalisghatihays ephanosd BNyt r 4
memory CD4+ cel L3 qatifen GRERcDOS éo&n\bgreawsmﬁdﬁghueaﬁclbgw&lls' n some

enbodi ments, eftector CD4+ cells are ative and CD45R0 positive.
Each of these popul alﬂllembgdlﬂ’ﬁytssb@)i‘h@r@r@ﬂ%f@ﬁﬂﬂ %gatrm@hfm@dn Kispdnsgto@ateen

As d bed h th
coe2Ls and coools "aeneErE SRR RERCDE TRTRI ol AL Rp Oty BREP SRR 72 e 30

sorted i nt o1TD6ith @D&en ancbnGoeA|te- @[a&*trdnsémed oails, @f&ﬂ&ﬁ“ tsamsduned@llwteh
anti-CD8 and antj. . GD62L antibodies. In some enbodi ments, the expression of
phenotypi ¢ mar kers f central menory TCM i ncl ude CD62L, CCR? CD28, CD3,
and CD127 and are nelgabmvemb@dlmgmtarﬂyh*mnBCDm@Memim;ﬂlthmat@:ytmraI
menory T cells are

21+ enhodi ment s,
effector TE are %gﬁtéﬁef’\%arpgrcel%n,wo éB%%are eﬁaec?ﬁﬂﬁ‘ingequPa positive
for granzyne B aﬁdtomeraiafmpmedlmcmzmebmbodl ments, nave CD8+ T Iyrrphocyt es

h d by
Cbi5R0. Eadh of t noE declosire Cattr BRGNP ?9@‘*1“??88%%%%"3‘7% el o a

CAR. Each of thwllsmnnﬁed lthdddsnpakitichddin m@nmrheme&dmmmmf@mbu ned with

one another. In a specific enbodi ment, npdjfi nayve CD4+ ce
combi ned wit h nisaseiesd COdcEly caﬁ@ﬁﬁ?‘?b'ﬁwlﬁcﬁgT PRIgER IPNF Sgis tQt@‘i/ner gistic

cytot oxi ¢ ef f eClanndRdridgRcinERS 4B CAR! By otﬁﬂ@ﬂb&ﬁmEMWAEﬁbds&uceao Met hods.
The di scl osure provides net hods of making E[I ve | mrunot her apy

conposi ti ons an§D§sesllsgre WW%‘B‘WM%‘?‘H@%“H% DAE selsol et 8hef or  per f or mi ng
cel lular i maynoLlEsARYnt! MAR ndBiATDAMITD S déu%as,&nmecﬁl sor der.

As described herein, the disclosure contemplates that CD4+ and CD8+ cells
can be further separated into subpopulations, such as naive, central memory, and
effector cell populations. As described herein, in some embodiments, naive CD4+
cells are CD45RO-, CD45RA+, CD62L+ CD4+ T cells. In some embodiments,

25  central memory CD4+ cells are CD62L positive and CD45RO positive. In some
embodiments, effector CD4+ cells are CD62L negative and CD45RO positive. Each
of these populations may be independently modified with a CAR.

As described herein, in embodiments, memory T cells are present in both
CD62L+ and CD62L- subsets of CD8+ peripheral blood lymphocytes. PBMC are

30 sorted into CD62L-CD8+ and CD62L+CD8+ fractions after staining with anti-CD8
and anti- CD62L antibodies. In some embodiments, the expression of phenotypic
markers of central memory TCM include CD62L, CCR7, CD28, CD3, and CD127

and are negative for granzyme B. In some embodiments, central memory T cells are
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151 n enbodi nents, a nethod of manufacturing the conpositions conprises

obt ai nin d nave CD4+ T hel per cell, wherein t el per T
A8 APl BETRALLhSeRe!

| ynphocy preparation conprises CD4+ T cell's that I"meric
antigen receptor conprising an extracellul ar antibody variabl e donain
specific for th€mEIROgeODaASH)CDSE-Atcells.tTh sdiri‘i@elﬂli)(ﬁlﬁﬁﬁﬁ eﬁ’feoﬂiﬁrﬁ@miefegaﬁd an

intracel lul ar si g 20 r d| ment d. further
conpri ses obt ai ﬁ&@@aﬁngw 89@%]70 ?Q?mf‘e (glgfanz}ém%gé‘fq%p‘?r?? Mdldi fi ed
CK't otoxic T | ynmphaeyhboditidts, piePeEDIt TAPmPRITPt &.ef%]é%m@@b%, s§hat 'ha\t/ne a
chimeric antigen_r Eeg(;égr cCONprisin x ce ng ody, vari abl e
domai n speci fi CCIQ?E tHP ARG gz?ﬂkzés@e?gﬁé@ * 0 %(rﬁ(g 4 h&§f sor der and
an intracell gl albo%ugmg m@gbé&@eﬂd&hy%o'ﬁﬁfewvshthrae@&]@t or 25In anot her

enbodi ment, a net i ed CD8+ cytotoxic T cell,

d bt
wherein the nodifi edEgc;‘trEt%trﬂi?;ﬁépo?’u\a&’Pé%%Wé a&%ppgbﬁ%‘béﬁ%P? embingdovifflses o+

T cells that hayge ﬁmo‘ﬁmrl’Rﬁkﬁecﬁﬁteh%%&‘in{eﬁf?ﬁﬁhﬁfedﬁ&ﬂptm#@le%?e SxlviRael | ul ar
anti body variable domain specific for the anti gen associated with the

di sease or dis om@ﬁnmdamntmma@@f CRPh cellyfparavifly asynagipticoyiioxfe efdicl

receptor, and 3 k&lisng the nodified CDB8+ cytotoxic T
cells w t h an a(r%t Fagegi?ngéaer I(i:é’ %‘Dd%sﬁle per SceI | |'ynphocyte cell

prepar ati on.10 The prepar ation of the CD4+ and CD8+ cells that are
nodi fied with al\géﬁeﬁﬂas been descri bed above as well as in the exanples.
Antigen specific ynphocytes can be obtained froma patient having the
di sease or di sorder 6he discriosluea moe'qbarrmdhddyot' moking adoptivenginaunodiarapy T

| yrphocytes in the presence,ofo ant 80 ,SHORGRULALANS o Sihand. C0B* T

| ynphocyt es can '8 escrl Ker8rn and donbined in the
met hods of rranufcamnarnmn@motﬁél'rbpy ﬂIaS’sﬁl)_]aﬂlhaﬁnghﬂBeé{SC ovdishedermet hods  of

onpr 1 51 ng: 3dni i st LHTHE A GEBBelBH 3F TR ERy e SvErEbRetaBugs o0t her
enbodi nents, a rasatahﬁ&ﬁg @ﬁféﬂfﬂe&ﬁﬁvadmmﬂ'sﬁewer o, bvher’einehesmbcjhﬁod hedpeg@neti cal |y
nodi fied cytotoxic nphocyt e, cel | @ %Er Qyi dels r% ceI | ul ar

i mrune response, YW@F@F ﬁel{ Pfép%?}toﬂtCB’S{‘P %ﬁfﬁgﬂh‘&? 5 iha P CHIFRF 85601 i on
conprises CD8 +réfceg@¥ S rﬂaltg ahaék&a@llﬁm amibb@y aaaiablgemnamﬁmﬁufocmapn sing an
extracel lul ar antibody vari abl e dgnmai n fﬂg%’éﬁl ic far an Lﬁntl soci at ed

with the di seasanbgengswsiaidwithibe diseaseqr ef gitdan 10asRlyans a@%‘f ey a T

cel | or othejy recept §f sofefeAbfA&: Ltthyd fﬁﬁﬂérfdoﬁ{ﬂrlﬁb@deﬂ'ghyﬁﬂﬂ‘ﬁMyt e cell
preparation that elicits direct tumor recognjtion ,Bﬁl rrent t he

genetical |y 15mSeP& epteyie btk wherein fieghet deeyEateyic % ability to
medi ate a cel | ﬁﬁ)? pa M%%ﬁnﬁr%?@@mwecelm}% fhve aUBﬁné?i%'aBﬁéen‘FedewaSBb@ﬁpftsﬁlgceI |

preparation conprises | s that have a chimefic antigen re ept or
conprising an eﬂnmaumelllljhlaamlb\WN@Ud%le demsinppesifiedprihhand|ger pPoea FhYIth

antigen associ ath Scase otr%hsg gld%ﬁ%ﬁ&c&fulﬂ's%ﬂﬁlﬂ%rdoﬁl@gl 21 T Biraepot ul ar
si gnal i ng domai n of recep
25 In another embodlment a method comprises obtaininga modified CD8+
cytotoxic T cell, wherein the modified cytotoxic T lymphocyte cell preparation
comprises CD8+ T cells that have a chimeric antigen receptor comprising an
extracellular antibody variable domain specific for the antigen associated with the
disease or disorder and an intracellular signaling domain of a T cell receptor , and
30 further comprising combining the modified CD8+ cytotoxic T cells with an antigen
specific CD4+ helper cell lymphocyte cell preparation.
The preparation of the CD4+ and CD8+ cells that are modified with a CAR
has been described above as well as in the examples. Antigen specific T
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20l n anot her enbodi ment, a nethod of performng cellular inmunotherapy in

subj ect | sease or disorder conprises :admnis
subj ect E'}géeﬁgz{l Zart y nodi fied hel per T |Iynphocyte cell tPg %9015@3&3%

wherein the nodified hel per T | ynphocyte cell preparation conprises CD4+ T

cells that havelymphhdmrch@beaﬁﬁtmwfrcmﬁwteaf havingnkd dibdask @& desstdene:Rlah bt ar
anti body variabl e do n speci f@g@{&{ﬁgpp?antl n assom{at ed wth the

di sease or di soP'GB¥® OSHPPH ?‘B’Fﬁil‘ PISTGF & BFEL- T cel |

receptor. |n ansgpopdhiepebsCDI-hgndEbSOT 1>fml;mobﬁés é‘aﬁﬁ&bb&%ﬁla&dﬁk Béssilgdi ng to
t he subject a genetlg(ill | y .nmodi fied cytofoxic nphocyte cell preparation,

wher ei n t he nodl§FiBaNERBRiRE g the “Pf';}}l‘%‘ﬁB W?’é’f?fé‘?r!“gprepar ation conprises CD8

positive celis that haufschstlalB pidiRDmGsds JPeABinfthe CAIRF 1n§hmtmrapy
extracel |l ul ar 30anti body vari able domain specific for the antige

associ at ed wi t hindubigrtderiag adiscase sodiguder sAMPHFNg: ﬁ@mmrmalaﬁpmg?w| 9fng
module of a T Cﬁiﬁ on® SE 8RR 1-19. In othg:r%mbﬁaﬁ{ener@m%a@wmaﬁés%hm&ew@t hod of

perform ng cellular immnot herapy I1n a subj ect having a di sease or disorder
conpri si ng: anathy subiest a genstieal ygnedifiedsatoiixic blymphecyeieslaueparaien ek presence

of oan. ant i gen a5a0abal eyl hilniSedbeaSerdlh (i SRLAR T AAAAIM giist er i ng the

adoptive i mmunotherapy conposition scri rei'n the chineric
anti gen receépt opreppaginfaomgtises GBI8NIE celts that davers ¢hipaeric BAZOARPOT produced t hat

has a component %ggp%%m%lr? ixtgaec%llulgr arlf Qc%gflvalllfqlg%&&lﬁ%)ezﬁc aﬁ@kﬁ%ﬁn associ at ed

w th a disease n i'ons, suc ancer I'ra
i nfection, and amoamécewtthmadmash oadlprada‘smtl en intracedirtao sigmading Qommhef aT

i ntracel | ul ar nalln a T meric antigen
receptor conpri % lsré’th[e Epgr%r %enatéﬁ?é?'ﬁ")dge@%glg&s? 8’“’5?“9" ) gmal n, and a
CD3 intracel | ul ﬁ]’fepa&htgm&hatl’egmﬂs(linéamhdsr re@ignidioh end algments shegienéficaldy |

| es one enbodj nent s Iulﬁr S|gnaI|ng

|
ol coul e cofr | PEUTENE e T PARER g LPeaAarh SoibabaR il Coos

transnembrane aﬂﬂnﬁﬂe@l‘@s’pbhiégwﬂ@émltﬁb Helpek € dyrhshoayt€BEI prﬁ;tanamﬁlcbmbxﬁ?sm dodai n, or
ot her donmins of T cell costinul at oréprml ecules. .In alt

embodi nent's, t he Treelgthpihaye a cmeripent %EFCWt?"I‘FOH‘pF'é‘B%Wb?’ﬁ At u%éaﬁ“b(?gﬁ' I

receptor. TCR C%r‘lagle%nﬁ bd‘lﬁ@foff e aﬂf‘%én%%obﬁ&&wﬂh&hehdl%ﬁb &disottiepand. There
are TCRs for many_ tunor ens in anoma (MARTI, gpl00 for exanple),

| eukenia (WII, mwaaceﬁpl@f 8& adomain PE3 T4 16N f or exanpl e), Dbreast
cancer (herZy NY- BRIy aﬂBth@xWH%hﬁﬁent b M RRAR F BRI RiEER I Slar itddinGIRérapyl inhel per

| ynphocyte cell is selected from

subject having a disease or disorder comprises :administering to the subject a
genetically modified helper T lymphocyte cell preparation, wherein the modified
helper T lymphocyte cell preparation comprises CD4-+ T cells that have a chimeric
antigen receptor comprising a extracellular antibody variable domain specific for an

25  antigen associated with the disease or disorder and an intracellular signaling module
of a T cell receptor. In an embodiments, the method further comprises administering
to the subject a genetically modified cytotoxic T Iymphocyte cell preparation,
wherein the modified cytotoxic T lymphocyte cell preparation comprises CD8
positive cells that have a chimeric antigen receptor comprising a extracellular

30  antibody variable domain specific for the antigen associated with the disease or
disorder and an intracellular signaling module of a T cell receptor.

Another embodiment describes a method of performing cellular

immunotherapy in a subject having a disease or disorder comprising: analyzing a
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20 the group consisting of nave CD4+ T cells, central nmenory CD4+ T cells,

ef fector r + T cells or bulk CD4+ T cells. In a

enbodi mn@%%ﬁgﬁgl per |ynphocyte cell is a naive CD4+PIT’Qﬁ§IlZ§12%\A%g§ ein the
nave CD4+ T cell conprises a CD45R0-, CD45RA+, CD62L+ CD4+ T cell. In yet
ot her enbodi menbislogichlesafiiplof The yubiEc oot the Ippemheayireamgéﬂ asbviabel vaicithel from

t he group 25 con .S|st|_r|1‘]q (; naye, CO8+ . T el(%es . central %% CD8+ T cells,
ef fector menory e and;gdmystgri aqopLiyy 1“§““W°H“eéap§|8 pgsitions

enbodi ment, t heddsbibed higitett, OMieteid the Y RIRREE XiitRef dckptbSspacifiily balds rah®ry T cel |
wherein the central nmenory T cell conprises a CD45R0+, CD62L+, CD8+ T cell.
In a specific efi88 - ment , t he CD8+ cytotoxic T |lynphocyte cell is a central
memory T celd and thﬁcml‘éphﬁlh%ﬂrthé[hé?@aéoﬂﬁéh&ﬁmae 1©@idbs fob spRcifid bRdaR4+ T
cell. I n enbodi nments, the CD8+ T cell and t e CD4+ cell are both
genetical |y modiornaatiggniagsosiateapyitharisenssi on gonditionssueinan REA HYREHFANSST.donmmi n
that specifical |y, odonanRah M&%en %htatlsa;agnes ne&ﬁﬁddﬁn&eé the SiFak@RMrant i gen.
In other embodinents, the intracellular signaling domain of the CD8
cytotoxic T cel signaligg meduls afe Tasll raseptonf ihe lmfmcamlgqngmmor@or@mwaw of the
CD4 hel per T ce I?ﬂ)g I l'ing
domai n of the A%rgrgﬁ#g{agg?%ﬁérn ? %i nﬁ??%?aé%? ﬁ? hgty 3? EtgAcIL: lmlgéégzhlg%aar
signal i ng dédrai donein,tohetheDiprkedssiT cFll cestimmlat@Buiplesules Tn feme eppdieents; eat ed
by the present r j ects,
such as rmnkeys{hg ﬁ&g%fe&gh r?{ éﬁal{/dggne(g?cﬁgrc{%ﬁe%gmﬁpglpg%{@%r %e sgéﬁjggts can
be mal e or fenadenznd C28 tmsmaybeus drdbl@alageiomanclinkddm@m mcellpls'menl | e,

adol escent, adult, .and atric s are useful in the
treat ment of, fg?maé&’é’lxrﬁ\q’ msc?flﬁltjcgg Sstt‘%:l%%n{ﬁ c(quglgc mal i gnancy,
mel anoma, or inf ect |Inmltmﬁ@e&mbndm&n«s,rthmfhelﬂs qabbogdificd With@gtdoobimanti t h

th , Lncl d In
Erbod! mont 5151 hb cahteraer TERSarEPe periftiofe BBt e R EgP el >

sel ected from tﬁqug]R@lm rﬁzﬁﬂ&hrﬁbﬂ aﬁnggai& noihplhﬂcnnat (WIARTn%pk@mﬁsa(amme,pt or RORI,
t EGFR, Her 2, gD é i f CElAj q atltlsB
surface anti genleuE%‘Sﬁ &4 minpp fto?:(ﬁ‘?PaHB' ‘fyraé‘%‘gﬁ ?rrFéfn?]BS gffﬁf 5%‘1(; afflicted

wi th cancer, i ng{e@dmg]gkworr@%mﬂ,]b)m ted to colon, lung, liver, breast,
prostate, ovarian, skin (includ

In some enbodi nents Preme GWB?“&'%‘%&'P%‘FQ# gﬁ‘f"ipﬁre‘ﬁ@pl%\ &efﬁﬁ\‘/&?e{ggtﬁ‘?ﬁo'ﬁs

mel anome, b5§aS¥he%%9%6m51§ﬂ @ﬂ%&a COM TR Ed@IBmerhety UD4eanes, cffeauiken a,
nyel oma, prostate cancer, in these enbodi nen s 20 nmeno %%T cells can

be isol ated or @ﬁg‘Pﬁ’e@P‘éﬂTW‘lﬁ %S’P%&M*ﬂﬂbcqlﬁé“? 58@1' ic GrabagdpRe es). In
ot her embodi ”enhgpérgﬁqﬁmge cAPRAGhAL DR8] WherbidMdIRVeTTIABEEIW T h
ce

genetical ly nodi | s expressing an engi neered i mmunoreceptor.
Exanpl es i ncl udeorhprisesig EDABROY, IGRAORAH €Dl P4t Fiepthdpyet dictast cancer,

prostate cancer .. g0, é”fﬁer@:ﬁ& 12% RixRGyMphdie cERMs Rfected #RMAHe BloSp | nci ude
subj ect s affllc?eg %‘ﬁ gﬁ oﬁz
25  consisting of nalve CD8+ T cells, central memory CD8+ T cells, effector memory
CD8+ T cells or bulk CD8+ T cells. In a specific embodiment, the CD8+ cytotoxic
T lymphocyte cell is a central memory T cell wherein the central memory T cell
comprises a CD45RO+, CD62L+, CD8+ T cell. In a specific embodiment, the CD8+
cytotoxic T lymphocyte cell is a central memory T cell and the CD4+ helper T
30 lymphocyte cell is a naive CD4+ T cell.
In embodiments, the CD8+ T cell and the CD4+ T cell are both genetically
modified with a CAR comprising an antibody heavy chain domain that specifically

binds a pathogen or tumor-specific cell surface antigen. In other embodiments, the
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devel opi ng, an infectious disease, including but not [imted to viral,

retrovi rﬁ]xglzﬁﬁzltzggll al, and protozoal infections, etc. 'ﬂglrﬁfs IIZ}OQ(%% can be

treated Punodef i ci ent patients afflicted with ectlon
including but not linmted to Cytonegal ovirus (CW), Epstein-Barr virus
(EBV), adenovi rinsraceBlﬂapsignadingdd)maiﬁ offie CD8Yioexic T tellsrisths pinserds tEat i ent s,

etc. red as descri Ve C e.util zed i me hods d

S ommosi 11 ons.  oPRINET Jeria it ar BE PG eiR et do bR gtstliments°4 "

Eﬁg hglr ?ugzsegr Ogla{idrt]ﬁbélm[hf sf[glt’iﬁfn@@fnl’nhiﬁaﬂ'th&(tDS HeotaiPArceli is tidfetdnoman ki 1 1 ed in
nst 8 : )

bubl oot b on No_MppirbnSbmane e sLls g sl tsbe o oo US Parent Mo

4,690, 915 t 05 Rosenbesyjects that cad&tﬁe@ﬁ&bf»tﬂéqﬁsemm\&ntldﬂwe G kérgrafihamb®r nul at ed

by first harvestin g thenlfronlthelr culture nedium and then washi ng and

concentrating t#¢ pEmats sEbiRRE St 2 Menkys Ardanse f°r§9‘§f"é%/ BGHicEpl e for

admi ni stration [anoRdhaBsfats Gabe haRGr &M AR cakt 8¢ frlyRuttatl]
treatment - ef f ecéllﬁ.l\)/e anount . Suit abl g i nfusion rredl umy%gna bﬂaggnl;(ﬂluglg%om C

medi um f or mul at ingaat, juvpgpile adelescertsradult, asd epriagic NBiefSsol R (Abbott) or

Plasma-Lyte A (Baxt efp..,diilds HeiReflh ARt f I s lactate
can be utilized. The I r%?u5| (S)n emeE(::Il um can a&?ggpg&g@%@éo@ t!tﬂlg‘%f]unnn serum

al bumi n. 1020 t r kematadogic ekfigeney eelarompitor difection wdthjaryiruh er ethgtpabpgeinon is at
| east 2 cells (p Lok GXHP e&at?ho&%r%[)ﬁcluﬁgﬂﬁV %C YoNrve sid ;ra@ﬂglcjdlsga?%"'[nhel per

T cell subset) or 1s nor reater than 102’ cel up to 106,
up to and incl ushme@rrillﬁbemmntslth@ an@ehessaﬂdtettwhtﬂ@ dissrss or disardeiseelestdd s. The

nunber of cells_wl] de end R
i's i ntended as GPPINGHE 06%150 Ofoﬂﬁ%gwf}}ﬁdcs &%’c?y g(;rrEI n. p@éﬁg;&%})gm ;c:con
cells that are Bp@mﬂ;@rmcmo;oemz mplscahelmnCEgezndaheeatdleﬁ quefdce antigan. t he

popul ation wi |l Coniﬁib?eg%rtﬁagfpaer{]lgétgeagep ﬁjﬁiﬁﬁg&s&é&%w@vﬁt&h&']ﬁ’é‘u HOe 85%

and 90-95% & such erern S are dgenerally
in a volune of Butlnbt Bhit&dtolcel®s, lugg livérebrbddQ prds&ta;ovdrms,sskme(mhldil@O ms or 100

ms or |ess. Hence the den5|t of the desired c icall ater
than 106 cel | s/ RelaBem)obRE AN DIy cangery ?‘féi{‘é?m‘iﬂﬁ% difaefﬁ tte]fypmoﬁfssxagtn(gr ally
108 cel I s/ ml or o@{e8Rd £ knoWie suchial hieRhbiia, bedasivander, rsq\uﬂnems oéll ¢ammma cells can

be apportioned into nultj IelnfU|onsthat currula r
109, 101 or 101%oleweaneer, lelikemia, TRy €45 POBIS SATFER £ "Eﬁ‘& %’?‘ﬁ%ﬁ ese)c(n(‘: ete ge

I nvention gy bﬁleHx%ﬁﬂr EQIs O bEsolaldBYédgihetrod by titretisbied te TByIl chepmnl ty" is
neant a | esseni ng or one or nore
genes) In other embodiments the tumor associated proteins can be targeted with
genetically modified T cells expressing an engineered immunoreceptor. Examples
include but are not limited to B cell lymphoma, breast cancer, prostate cancer, and
leukemia.

25 Subjects that can be treated also include subjects afflicted with, or at risk of
developing, an infectious disease, including but not limited to viral, retroviral,
bacterial, and protozoal infections, etc. Subjects that can be treated include
immunodeficient patients afflicted with a viral infection, including but not limited to
Cytomegalovirus (CMV), Epstein-Barr virus (EBV), adenovirus, BK polyomavirus

30 infections in transplant patients, etc.

Cells prepared as described above can be utilized in methods and
compositions for adoptive immunotherapy in accordance with known techniques, or

variations thereof that will be apparent to those skilled in the art based on the instant
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25 {)hysi ;:al synpt omrr/}s] ars]soci ated with a response to infection by a pathogen,
or to a . ich the |ynphocyte response is dire T unt of
cells adr?!dﬁﬁéjtzélﬁzgsd“i s usually in the range present in n%&ﬁ&sz?lgﬁi“&g%ual S
with imunity to the pathogen. Thus, the cells are usually adm nistered by
i nfusion, wth éiadbésuraaBeese.gn USPagent Apgleatidn Hubbieatign dlel 2093/0ap0238 tat | east 106

to 1010 cell s/ i

cel o/ e, The crBRBETHEvTRe dp R PeRar G 0 sRRpE™Rie ust on. or by
mul tipl e infusions Owesmacmbili@ens, thd otls arbitormRied byifing dadiedting tient from
i ndi vi dual s are_expect ed

.0 vary in responsiveness, th d
celI's infused, g’.g”\%lﬂ_re ’é’gé'{“??ea hepowas ’f“giaﬂ ﬁPé’ic‘H‘r'i@tS' t&iegﬂ[ﬁ'ﬁ) ?ng‘l“ﬁﬁﬁ u(r)\t/e?f
which nul tipée cnbdines k@0 ii@blgifr@amaigraglet @ phdi@ecdaticdllfacaptabRdi Ng
physi cian, and can be determ ned by routine exam nation. The generation of
suf ficient | evefarie imp HepimangElsciye pmpRnt RIIARIC ENHSARG UM 4 Agsib eyt es

and/ or hel per TishyhRRaWhERIMbIRdEAPidaly AsaEMAR, NoHﬁ&sﬁgRg}ﬂ%cﬁ@&i d
expansi on net hod of the present invention, as 5exenplified herein. See,

e.g., US PatentPRegma-bytedoBexter); bpt pispd e dextaese dit waigt ordyngfivh 2¢taic RS pr esent

i nvention is il|#stsakechddsd Hediuhad Be

EXPERI MENTAL Exanple 1 - T cell .I?rgﬁsdu%u??ﬂgﬁptgﬁgwgﬁgﬁ]yg%mﬁg%néxpressi on
10A RfCRl spéei fi c CARteaimeneciBxtiveamoant afigelipimthe comgasitrordie pl lsashAerlsénf er s
specific recognil.i Eoliaf Blehoby O I'ls.
W\ construct ed ?f@%&ﬁéé%ﬁcgﬁ@ﬁﬁﬁ@?, C arlllts?lggﬂchigp gqurﬁggﬁgsgﬁlgrﬁ e
expres;;a_d in ]'CI' mfeltspntalkyrg@wlﬂtahy()%ﬂalasd ap todl0, upde prshineludiog i Eror éag specific
recognition o ri ma - CL n . hal d

Mot hods el | | i Fellgahd ga“%el‘:’b"éf‘% g’?‘ﬁ?ggﬁ‘%‘lssf }?eﬁls“hlb%&n@%ﬁ%lﬁge’{c&el‘]b?é lh?ESBV?ECL)
wer e gener at ed akimdesse fdvedichaBy confpositibuisontersiet! bs wilktbe type kbeells inghwded BALL- 1,

were provided by Dxs_Oiver, Pre d Jer al d. Rad] F inpson Cancer
Research Center %’.ere}ﬂ' IFofceé(Iaﬁnp5olfF%‘%etgaq\fq\grsgecﬁ%éﬁt;(l) g?%@%’lérna%ﬁ%\l}lq?é (%%ko etal calf
sK gg g mce|0|. S \Am‘\E/Ir t&gh ?iae@ﬁplgaﬁngvgﬂ c&;ﬁfaig@néa;eir kHah 170% gemptatiygehater GRCBO%ERSUM) .
Transf ecti on of a‘Kg%?zéSE/ng séxcw;ezll%. mc%%r&v?&dl&%ﬁn, t%’ejtlctéllllsra?e geonle}a %{ N

volume of a liter or less, can be 500 mls or less, even 250 mls or 100 mls or less.

Hence the density of the desired cells is typically greater than 106 cells/m1 and
20  generally is greater than 107 cells/ml, generally 10° cells/ml or greater. The clinically
relevant number of immune cells can be apportioned into multiple infusions that
cumulatively equal or exceed 10°%, 10" or 10" cells.
In some embodiments, the lymphocytes of the invention may be used to
confer immunity to individuals. By "immunity" is meant a lessening of one or more
25  physical symptoms associated with a response to infection by a pathogen, orto a
tumor, to which the lymphocyte response is directed. The amount of cells
administered is usually in the range present in normal individuals with immunity to
the pathogen. Thus, the cells are usually administered by infusion, with each
infusion in a range of from 2 cells, up to at least 10° to 10" cells/m?, preferably in
30 the range of at least 107 to 10° cells/m?. The clones may be administered by a single
infusion, or by multiple infusions over a range of time. However, since different
individuals are expected to vary in responsiveness, the type and amount of cells

infused, as well as the number of infusions and the time range over which multiple
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ggrRRIXI ynmerase chain reaction (PCR)-anplification of the ROR/ -gene, total

| rom B-CLL cells (RNeasyPl usKit; erse
transcr}l\ﬁgg 9{ 2ESE\I%NA wi th M MVReverse Transcri ptase (?&%3@3@%@%
per f or med W|th specific prinmers (RORL-F: 5- X7t hl AGAGGAGGAATGCACCGECC- 3 and
PRCR/I R 5- X?g{ Bﬁ@k@&é@f) A%Pég&mﬁéadﬁgr thd)attdingphngcikig aad tate- 1 | DNA
ol ymer ase rat.agen e rodu was cl o edlnt t he
retroviral vect 8¢ bﬁﬁﬂn?’ﬁg"% ‘ﬂé’ﬁcﬁhwwrﬁ' SﬁiﬁF E‘f?és (ff%ansf ection
reagent (Q AGEN)qugmcyw@chmalngmaﬁ)&&cE lyl?ipﬁédyfvdﬁhd%r(}i%lﬂeSTQ}aﬂiHocﬁbd)hsabS) W th
M GR- 1/ ROR1 and g I%g/ encodi ng retrovirus. K562 cells were
retroviral ly tFeéﬁ' dRieEye %‘Eﬂrfi’? TWU’Q%P‘?’BW“&%"’“@%’@“‘F[?FRSF‘HI‘"VGW"H‘P futes at

32C, expandeg, aaghplified REERA -0 4 wsp&uhw60@@1mbtmdaénlefaleﬂcolﬁ’ml17tIrre

guantitative PCR First-strand c of B-CLL, norrral restin and actlvated B
cell's, and 5 EBV- LCLTheepscsppidpigntion igdllugbied fupthaer in therexamplpssp bsleMagr aph.
First-strand cDNA from normal tissues (Human Tissue panels I/I |, Blood

Fractions) was obtained fromC ontech. Expression of ROR nRNA was anal yzed
in duplicate anBXRERIMENEALto GAPDH. Anplifications were perfornmed on an

AB1 e 5T 7900 AL BB o3y ARG} AlgonL L1 of 25
cDNA, and 300nM geneAii}ﬁ)éﬁrSfpp@m EARagat be pxpressedein Suempr CH8T " Cemﬁpﬂ ers
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constructed a ROR 1-specific chimeric antigen receptor that when expressed in T

cells from healthy donors or CLL patients conferred specific recognition of primary
B-CLL and mantle cell lymphoma.

15  Materials and Methods

Cell lines

Epstein-Barr virus transformed B cells (EBV-LCL) were generated as
described (25). The tumor cell lines Jeko-1, and, BALL-1, were provided by Drs
Oliver Press and Jerald Radich (Fred Hutchinson Cancer Research Center). All cell

20 lines were maintained in RPMI, 10% fetal calf serum, 0.8 mM L-glutamine, and 1%
penicillin-streptomycin (LCL medium). K562 cells were obtained from the
American Type Culture Collection.

Transfection of K562 cells with ROR1
For polymerase chain reaction (PCR)-amplification of the RORI-gene, total

25  RNA was obtained from B-CLL cells (RNeasyPlusKit; QITAGEN) and reverse
transcribed into cDNA with M-MLVReverse Transcriptase (Invitrogen).PCR was
performed with specific primers
(RORI-F: 5-XholAGAGGAGGAATGCACCGGCC-3 and
RORI-R: 5-Xhol-CACAGAAGGTACTTGTTGCGATGT-3)

30  using Herculase-IT DNA Polymerase (Stratagene). The PCR product was cloned into
the MIGR-1 retroviral vector (23) and the sequence verified. Effectene transfection
reagent (QIAGEN) was used to transfect Platinum-A cells (Cell Biolabs) with
MIGR-1/RORI and produce RORI-encoding retrovirus. K562 cells were retrovirally
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The cycle threshold (Ct) was determ ned using SDS software v2.2.2 (Applied

Bi osyst eir@é 2?2{}91%%{];?10' evel of gene expression cal cul ated g%@%@@?ﬂ”s

conpar at d (2-(AACt)). Vector construction an I"on of

| entivirus 20CD20 CAR (CD20R- epHI V7) and green fluorescent protein (G-P)-
encodi ng | enti viramatluced by centrifffation @p2H007Pm 6@ ntiewes dt B2, prevdai)sidthg 24) .
The ROR1- CAR vvag ﬂl]COd d %Iﬁﬁﬂ he sanme vector. A nouse mAb (cl one 2A2) that
denonst rated spERfiPOSHYHPHY VELS KRN RoR1 expressed on prinary B-CLL and
MCL tunor | i nesRegsigeqeinditaie POPNed, and characterized in a previous

study. A 25 codon-o dmze | eQt | nce enco Fv cont ai ni ng
the VL and VH chain fSt ?%992 %\/@f Qgﬁﬂ? f Bﬁmgﬁﬁﬁfﬂlﬁtg‘igﬁﬂ? PShed into
CD20R- epHI V75 USEBY-INEWagdeparal dsldedceibéd inGhd Jﬁawmst;ﬁﬁgiaph IeRl-aead tbeA
CD20-specific scFv. Lentivirus was_ produced in 293T c;el | s caotransfected

with the |ent.vfr9@|n00@%fléﬁue%ﬁalmnglsa%m@a§$.1/ . Bloet Srastions s dtaingeNiaRy 2, and

pCW- G usi ng Ef é%ﬁie@lﬁ‘%xﬁx@ss’?&%mm@q{\/ﬁﬂ%%s%ﬁ £030 886 altPabihalidel €
transfection and lentivirus collected after 45 hours. Lentiviral

transducti on anG4PB& Amphficasionpgre perioragd oB an AB& Prism 7ML ppijgd
2012/ 129514PCT/ B304 e ? SPUL reaction c%é%%%ﬁl@ﬁ@b&\bé’r NAHOGRAPERE- CLL

patients, and sort- ed CD8+CD4 2L+ central nenmory T cells (TCM
were activat@d Wasthr Mm%@%embSY(SEmSh@ﬁrﬁg)Of(@N)A anthiPOnMegeaersiesici n

| entiviral supe ed with 1 [tg/nL polybrene (Sigma-Aldrich)
and 50 U nL reiogén%?%g%ﬁvﬁgwéa}% nterleukin-2 (IL-2) on day 2 and 3 after

activation by cBOR/FUAGCGIGCHATBORAAGKMAI-3,60 m nutes at 32C. T cells
wer e expanded i PM { 0@?&;@& erum 2 nM L-glutam ne, and 1%
penicillin st re‘gf)g#c? gﬁ%‘cv,[ﬁd]frref %:I éﬂ . 12?‘[ er expansi on, an aliquot of
each transducedGAPOE-F 51GARGERSANGG TEAGMGIR-hi ot i n- conj ugat ed anti - EGFR
(epithelial rowt EIJAI;)I, idin-PE, and 10 anti - CD8
mAb. EGFR+ (Q%‘fl‘ﬁéhﬁe?ge ‘?M%%i? Gﬁ%’%ﬁ?\éned by limting dilution
(0.5 cells/ wel |) (25Fhe dyaelhrééﬁadt(ce)muetedmirecbleirigssuxm)ﬁmubemz2| ed by

staining with bi otin lated r a Fc- RORL extrac Iular domai n fusion
protein and str&pt BM%YWSQ&E%FT& é’rftgerl‘-?dﬁ?reﬁst‘%}c ?%HF s fuced in

transiently tra%ﬁ@@gtﬁg@%ﬁogej {sdhnvi trogen), purified as described
(26), and biotinylated using 15 the BiotinTag kit (Sigma). GFP-transduced

CD8+ T cells we éCtPﬂW?'FFWWgeP%t’BS’PBWBP RUS sort-purified, and cloned
in simlar Hgshion. ¢p20-CAR (CD20R-epHIV7) and green fluorescent protein (GFP)—

encoding lentiviral vectors (GFP-epHIV7) were described previously (24). The
ROR1-CAR was encoded in the same vector. A mouse mAb (clone 2A2) that
demonstrated specific binding to human ROR1 expressed on primary B-CLL and
MCL tumor lines was generated, cloned, and characterized in a previous study. A

25  codon-optimized nucleotide sequence encoding a scFv containing the VL and VH
chain of mAb 2A2 was synthesized (GENEART) and cloned into CD20R-epHIV7
using Nhel and RstlI restriction sites to replace the CD20-specific scFv. Lentivirus
was produced in 293T cells cotransfected with the lentiviral vector and the
packaging vectors pCHGP-2, pCMVRev2, and pCMV-G using Effectene (Qiagen).

30 Medium was changed 16 hours after transfection and lentivirus collected after 48
hours.

Lentiviral transduction and isolation of CAR-transduced Tcell clones
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Chrom um rel ease and cytoki ne secretion assays Target cells were | abel ed

wth 51Cr\¥é§8£221:2|515}‘ner) overni ght, washed and i np“b?@ﬂ@&géﬂ?d%' cate

at 1-2 x siwell with effector T cells at variou
target (E:T) ratios. Supernatants were harvested for y counting after a
4- hour incubation, aPBMEEae héatthy Yaoss and B-CBL paticatseghduertipgrifikie st andar d

formula (25). ansduced CD8 Sor rified
using a bioti ny&@#@éﬁﬁ?ﬁqr%ﬁﬁ&ﬂ“ MYy iﬁ?lg\ﬁh:hﬁ Weé‘?‘l?cdﬁ%‘fi:‘g{%’é?gls’.
RO?ll CARd e)t() pr essbg ﬁn&lﬁl(ﬁ) h/nsiuyr(R ﬂcﬁldafanﬁdiEaQﬁSmﬂvﬂﬂunpd‘th Juppkhiestedas
eval uated by st ai,

the cells with i r ecaonmbi pant Fc- RORL
extracel | ul ar d¥#ail Hr‘ggfrﬁlsi’%‘ﬁbrﬁ?%(tségn?? ‘f\ﬁé‘ff‘ Fgﬁhlﬁl{rl‘ﬁbﬁeﬁ%b‘?%‘t F‘HB”SCFV of the
ROR1- CAR, ang c@aadrRukih2QIMS éh Gely26mtl 3\akter meammgamﬁfugﬁrmm rphddrei n
specifically stained CD8+ cells transduced with t Rﬁ CAR |l entiviral
vector but not EPminutes@ppis. ?Pé‘?’ﬁs"é‘ﬁ%%’@aﬂﬂeldﬁn EPMSHPI%‘P‘“S o hyman ety ¢ o

encodi ng 30G-P Q%ﬂ\gl{rﬁut%ﬂqme and lgﬁ%&x&}‘ﬁh@@é ptShR%h mn@l‘hﬁnﬁ@&ﬁ&@ﬂdﬁed (n =

10) and control G-P-tTansduced -cell clones Wd) limting

di l uti on and coefrensien ap Aiquet efisiaeh %W@%@Téﬁﬂﬂ@%g’%ﬁa‘ ‘Y‘be‘@m? after

mul tipler Ound;&ﬁ %A g \ahfi £ X(Qﬁ\ﬁx%hﬁ%rov%ﬂ%c@br‘?@:%pt@@ m@@@@é&éﬁdlﬁfifﬂaence in
o

the grow h of tran uced conpared wth untransduced or
GFP-transduded mte€DB neAlp FEFREGR Tn@tlls whawwANt purfficd udrtpneshby Kpisiag duced

T-cel| ol ones ehiifhas Y WaRGHKORI YA FrlsaRBd TSR Geldsfudady wer e

stably transfecf“ ut not native, ROR1- negati ve K562
cell's, denonst r atiniig vslﬁelmotinydawds"c@glhmanbl’p BﬂRR@QIaCGW@IﬁO@aEI)fUSIQR B@Ifé‘m on

Adopt i ve i mmunot o 8B 1a5 Rirt P12 R o OTRbiBafs RO MR Gheln! A8 plodiEld if 13 GenflE NG

investigated in I gnanci es. The surface
mol ecul es t hat aﬁﬁsfmadmmr aelBQInedrogere Brifiet! bs ddseritmd €20 pad bidtioylaied using | ude

D19, which s exgEFI s[eagr]ﬂﬂ p%BtEalqsc}ugeméﬁggT cng \§err3 'i’cf%mlﬁ%a% Cgv B-cel |

stage to pl 8t expressed On nor na ell's from
the pre-B-cell s{w@@eryofpunfisd, Badedbred in élihulsrfammrantl ci pated out come of

effective therapy targeting thes Iecu es is depletion of normal B cells
and B-cel | precﬁ%‘&mé“m@?f’éeéﬂgf‘gg BRI ANy st udi es have identified

genes that are pref engpti@ild Wer@llabere withi*\Gel(PerkinBines p@dright,vedshgivadt  but not
incubated in triplicate at 1-2 x 10? celis/well with effector T cells at various effector
20  to target (E:T) ratios. Supernatants were harvested for y counting after a 4-hour
incubation, and specific lysis was calculated using the standard formula (25).
Results
Transduced CD8+ T cells were sort-purified using a biotinylated anti-EGFR
mAb and streptavidin conjugated dyes. ROR1-CAR expression on the surface of the
25  sort-purified T cells was evaluated by staining the cells with a biotinylated
recombinant Fc-ROR1 extracellular domain fusion protein that directly binds to the
scFv of the ROR1-CAR, and costaining with streptavidin-conjugates. Fc-ROR1-
protein specifically stained CD8+ T cells transduced with the ROR1-CAR lentiviral
vector but not CD8+ T cells transduced with a control lentiviral vector encoding
30 GFP (Figure 1).
We established ROR1-CAR transduced (n = 10) and control GFP-transduced
CD8+ T-cell clones (n= 4) by limiting dilution and confirmed the stable surface
expression of the CAR after multiple rounds of in vitro expansion. There was no
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15 by normal B cells and RORL energed as a CLL signature gene in 2

i ndepende\gb 23&‘?1'2@1?.5 (27,28). Specific antibodies to Eﬁgﬂﬁ%ﬁégg&%i n CLL

patients t'er” vacci nati on wi th aut ol ogous tunor cell een
nodi fied to express CD154 and treatnent with |enalidom de w thout apparent
toxicity to nor applarehi differesce is tggesith o RORil<CARImensdacetlicg@paredhyitibe a sui t abl e

target for immunathera 30). 2 r.sfudies illustrate the potential to
target RORI -pog?tfapgé’c%?r%ﬁjéﬁ?gsgwggcﬂlf#?n r{g:i‘t%%trsg%wﬁ)'cel l's egpressi ng a
ROR1- CAR. CD8+ RORI1-THOROR C-€lARstratediced Declllelohasetfidiendmiysed primay BaCLdonor s

and CLL patient tiviral i i
sort-purified TS {q%tffh?e 'irl]?at;%‘lir%%l‘lbl%an edscltj té’%'&qg%)kpgktgg% 8‘[’%5‘19 agg‘l?\’/iccsjdgrafter

adoptive transf RORIFkYativeRRBE2 CAR, ddnansietiag epetifieetdognitibh bCRORI (Bighry2ed 25
primary B-CLL, but not normal resting or activated B-cells. TﬁﬁéigseyTpcel S
produced ef f ect Biscsptki nes including TNF-a, IFNy, and IL-2, and were

capabl e of prolifer aAéid}ﬁ]yé IhREREGESed haRORpGXPARSSIdMEI UNRlls @Rl bding

Exanple 2 - Generation of CD4+ CAR T cell |ines and anal ysis of effect
L unct i ?aCD4+ RORestigard in Jimjoaktrighsfonfé-celbmalignapdes TBas nyjnalwﬁ@alﬁ%%{eﬁc or 3
onors/ CLL- pati g0t 5, RiddIr) BURE Finbdeb-HER - SAfcH i B3R + T
cells and confers %&ragc%_lifi C rzgog]hidtgleosn 5f1&%i&\;?§u§“§2?‘|ﬁ tu#nlsgk%ut ngEE4

mat ure nor mad Bnaewlal B-linkegeselisfram ghedroBtast gesciolnlaspiaselds, sifsP ), whishis vi r us

transformed B cgl Irgssédggg‘xh%pﬁ\@ﬁseﬂ&g%_rlgge_?dcbe?ss#?%ﬁk}%@ & 28s. THREad unor

cell lines Jeko-’fl?, a were provi iver Press and Jerald
Radi ch (Fred HutwhipgdrouGancer! destivr théraletirgsting theis¢ modoples jspdeplefien of

poni o111 n- st r oBVBIR) o e e FEf, Ry, BehT ¥l Pt o0 Mk
fl' { g nmS %gct ihgnA(r)r?ridlzggﬁ;degepfs tBatlataprefe@otidlyotrienriutvaly owrassaddy realigoant Beltnod .
R e
Kf:v:_\sl R( RNeasyPl ugdises (£2,265ENpectfied atidodies ¢o RORIS develped iimt(3.Lc prjanist dfter
everse 1r %ng(i:nraltigrg ev?tﬁ agl'!O?OVgIOltlSr t%%%p )célgctﬁatvg%a been modified to express CD154
and treatment with lenalidomide without apparent toxicity to normal tissues,
suggesting this tumor antigen may be a suitable target for immunotherapy (29,30).
20 Our studies illustrate the potential to target ROR1-positive malignant cells
with engineered T cells expressing a ROR1-CAR. CD8+ RORI1-CAR T cells could
be derived from both normal donors and CLL patients after lentiviral transduction of
either bulk PBMCs or sort-purified TCM, that in animal models persist for extended
periods after adoptive transfer (31). ROR1-CAR transduced T cells efficiently lysed
25  primary B-CLL, but not normal resting or activated B-cells. These T cells produced
effector cytokines including TNF-o, [FNy, and IL-2, and were capable of

proliferating in response to ROR1-expressing tumor cells.

Example 2 - Generation of CD4+ CAR T cell lines and analysis of effector

30 function
CD4+ ROR1-CAR T cells can be generated from PBMC of healthy

donors/CLL-patients. A ROR1-specific CAR can be expressed in human CD4+ T
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15dperfor med with spciga\&z prinmers (RORL-F: 5-Xhol AGAGGAGGAATGCACCGECC- 3
and ROR1-R = 5- - GGTACLTGITGCGATGT- 3) usi ng He -
ol ) L0, PR Sl B

Pol yner as agene). The PCR product was cloned into

retroviral vector (23), and sequence verified. Effectene transfection 20
reagent (Q AGENpellsasd csdds tpecific agtefeition ¢l ROR RuBacéll aldrsbut Get thatide ol abs) wit h
M GR- 1/ ROR/ and (ﬁé}%ﬁigc‘g‘l ROR/ -encoding retrovirus. K562 cells were
retrovirally tri & Sby centrifugation at 2500 rpmfor 60 m nutes at

32C, expanded, anderidicadOWttlpasi tive subset was sort-purified. Vector
construction anﬂlﬁﬂ neration of lentivirus 25CD20 CAR ( CD20OR- epHI V7) and
green fluoresce ﬁP‘B‘t ein (GFP)- encoding lentiviral vectors (G-P-epH V7)

were described previppssinBir4irus finefolhIAIB CAR (PBY-IQIT)aeelgdnbratcdas same
vector. A nouse mAb (clone 2A2) that denonstrated specific bjinding to human

RORL expressed 8fcphediany s tempr eglidingplekeinisd BAlded WrerPrgudetda, ¢l oned,

and charact eri zeflydPréys REEMtAYRaGEHEYed HutdfnoR daiceP RbdchicE EdntByCA RSN de
sequence encodi ng a scFv contai ni he VL and VI-1 chain of nmAb Z@é was
ril

ng t
synt hesi zed ( GENBSSRFTe maagied fuRPV18 RIS b S hog ieincard
restriction silgsdifnseBhiahsih ICICHRAAP I by STt GBloKlaliid RS
produced in 293T cells cotransfected wth the lentiviral vector and the WO
2012/ 129514pCT/ tis2me2icaBbas s yaraaleatipnaad cdfusedrsidopetod. pOWRev2, and

pCW- G usi ng Ef E?%'ts?e@ﬁdgﬁmeps%ﬂ%ms changed 16 hours after
collTecte

transfection an ent1 vl rus after 48 hours. Lentiviral
transducti on and i sofapplymenie RinreRURN {REAR-amplificati¢ri gfdke RORDU-gerE, ot | s wer e

isolated fromP of t IS i | re$d} mMAb (30
ng/m) (25), an s i Bonf SR 2cH0 §P5%%&?é‘?s%<§‘?8%é§h’§%fdéﬁent ed with 1
| xg/ mL pol ybr enear(sSiilgdantdlcBNiAcHiih ML BRevetse Mransergmas i(naittogénFER was

2500 1 pm 1 01 0P RBELE S TEPHRELl | s “ver e expanded 1n RPM  contai ni ng
10% human 10 se(ROR/-RrVihol8IGAGHAGSAANGLACCEEOCE dndi n st rept onycin (CTL
medi um . (25) Af L8 R: 5-Xhol-CACAGAAGGTACTTGTTGCGATGT-3)
using Herculase-II DNA Polymerase (Stratagene). The PCR product was cloned into
the MIGR-1 retroviral vector (23), and sequence veriﬁed. Effectene transfection
20 reagent (QIAGEN) was used to transfect Platinum-A cells (Cell Biolabs) with
MIGR-1/ROR! and produce RORI-encoding retrovirus. K562 cells were retrovirally
transduced by centrifugation at 2500 rpm for 60 minutes at 32°C, expanded, and the
ROR 1-positive subset was sort-purified.
Vector construction and generation of lentivirus
25 CD20-CAR (CD20R-epHIV7) and green fluorescent protein (GFP)—
encoding lentiviral vectors (GFP-epHIV7) were described previously (24). The
ROR1-CAR was encoded in the same vector. A mouse mAb (clone 2A2) that
demonstrated specific binding to human ROR1 expressed on primary B-CLL and
MCL tumor lines was generated, cloned, and characterized in a previous study. A
30  codon-optimized nucleotide sequence encoding a scFv containing the VL and VH
chain of mAb 2A2 was synthesized (GENEART) and cloned into CD20R-epHIV7
using Nhel and Rsrll restriction sites to replace the CD20-specific scFv. Lentivirus

was produced in 293T cells cotransfected with the lentiviral vector and the
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expansi on, an aliquot of each transduced T-cell line was stained with

biotin-c 'b% 929 gntl -EGFR (epithelial growth factor r
strept avﬁgl %ﬁl AAd anti-CD4 mAb. EGFR+CD4+ T cel | s vve?gi@ér%&/gun?i ed and

expanded. ROR1-CAR transduced T cells were identified by staining wth
bi oti nyl at ed r epakiginpvictorcpCHGP-ROKIMEREYE and pCMAFG dsing Effedtersi (Qmgpm)ot ei n

and streptavidip-PE. Rec t

Cransf ect ed. 203MEAINCIRUET GG LAY BaFPR GoNER R e sy AR

\%le?tel n;(;l at e]g uzhdggs ]E Ihe BiotinTag kit (Sigma). GFPtransduced CD4+ T cells
identifie y.flow cytonetr sor.t - i fi i i m

fashi on. 20 Chr beRtiKigal é‘]aé%f’é’ét‘aﬁag‘t!ff’]akf’ﬁg}jété); gﬁlﬂgeg%‘ggg@ia hes" Sl'r;nrlgg':

cell's were | abel ed VE]DJD+ ﬂQPls &é?@is&lafb&lffmrr)lsm&iméagdhy dovashRidicavged widubat ed

intriplicate at 1-2 x s/well with effector, T cells at various

effector to tar g@rCPEmﬁb (r39t“8/6‘§~) (Bupadrizpadhped bVl SURESAY for y counti ng

after a 4-hour § H%He@%thax /D86l biche (SYhsANRiSh Gl G0 TBnadretshsigant h
standard f or mul a'ﬂ)? ']% ang gsfs dog%ll yt oki n)gaasecretl orr?m %n%t eand

ef fector cells teman lpieéﬁlé@ ?lﬁﬂt%)loﬁl ¢ aeed ??\éftqr§°%‘tat‘%‘hb3|§?e1"“ fugatign 82550 1 and
interferon I Nry rph BIFBO mdafEsQR B§°Cf LS wérd MpaRldd in RPVIIIcbntdinhRr 169 TRARMT ed by

mul ti pl ex cytokine inmmunoassay (Lum nex) in supernatant renpved aft
24- hour i ncabat sawvm, 20RGE.-gluaminice prd 1% perieiimpstreriamyen (%TIV\E‘@@UWé%?é&S{M ? h

0.2 11 M car boxy Ll Uonies 6eh Ry SHGELD Hhiililecf Ll i ERaFuaihdid i B@R) . washed.

and plated with araloo in CTL nedi um
- cont
10 U L reconbi nanmgatudmamEIGFRZ(eplAfehelrgmaNthZaqtmlgqaceptn@mmsmptave@pfg 8 e ai ning

| abel ed with anti @%@%Pﬁg‘ &Q'qd&eghwfeﬁ%' ?ux(npéd)anhgxﬁ&ﬁﬁd&’ﬁ@ﬂm cells

from anal ysi s. alyzed tometr
Y, di vi si on
of live CD4+ T ﬁelhddﬁceaSSc&ﬂswdrebgterﬁﬁsEbﬂstammg twmth bipginglated ngcombingahF cROR1 - CAR

transduced CD4+ T | |

| ynphocyt es %ré{qfﬁ%é‘ﬁg ﬁmﬁm‘aﬁf‘ Oné’ﬁo e"é%“cu%?ureg]% %t‘ﬁﬁén% I and 1:2
rati o. The co- CRORILSGHONS ;irdStRlaemqltmdlaﬁl@dramfedned@ﬁmelwn)s an
control K562 cells_and cel | if atl :
assay after 5 d&ys figsasid ﬁ??ﬂb%ff{zg}aa“% pPugy ag?/dm eQIOPXTaanp::[eS W%E&ePl stimozed
wi th conj ugat ed @afdducddldD ANt calRtwerdidéntitRl bmodlcstomgw sstt-pBh8ed, amdl CD4+
subsets. 10 Results Generation of CD4+ RORI -CAR T cells from PBMC of

heal t hy donors &Haedinsimpilarifashios.

20 Chromium release and cytokine secretion assays
Target cells were labeled with S1Cr (PerkinElmer) overnight, washed and

incubated in triplicate at 1-2 x 10° cells/well with effector T cells at various effector
to target (E:T) ratios. Supernatants were harvested for y counting after a 4-hour
incubation, and specific lysis was calculated using the standard formula (25).

25  For analysis of cytokine secretion, target and effector cells were plated in triplicate
wells at an E/T ratio of 2:1, and interferon INFy, tumor necrosis factor (TNF-a), and
IL-2 were measured by multiplex cytokine immunoassay (Luminex) in supernatant
removed after a 24-hour incubation.

CFSE proliferation assay
30 T cells were labeled with 0.2 pM carboxyfluorescein succinimidyl ester

(CFSE; Invitrogen), washed, and plated with stimulator cells at a ratio of 2:1 in CTL

medium containing 10 U/mL recombinant human IL-2. After a 72-hour incubation,

cells were labeled with anti-CD4 mAb and propidium iodide (PI) to exclude dead
33



We have shown that ROR1, an oncofetal tyrosine kinase receptor, is

uni formMéﬁ%Z]?%elg on CLL and MCL, and devel oped a Rd?l,ﬁ%%@rgggag% anti -

15 RORL confers specific recognition of maligna mat ur e
normal B cells when expressed in CD8+ T cells (32). Here, we generated CD4+
ROR1- CAR T cel | seltsdroansalyzie. ShintpdstwerdlifialyzéRolew tytemetanand deflidividbi o ty to

augnent CD8+ - CTl.. CAR-nodified CD4+ T cells could be readily
generated from E&?ﬁsgg}ficsﬂﬁsef’é%ﬁ“%%%ﬁﬁfé@m'%“-of heal t hy donors (n=4) and CLL
patients (n-4) gelda@tufe 462yRORL- CAR encoding lentiviral vector. In this
vector, we encoded a_truncated EGFR (epithelia row h factor receptor,

t EGFR) domai n domst?‘égﬁi% frﬂﬁd‘ﬁ@%fh‘lﬁﬁ %ﬁa@%@l‘%%%ﬁ% cgd §R%§I enent ,
to serve both aéﬁﬁbtroﬁi!aquﬁﬁhWeg%KQEbe@éadyiﬁmFgm@n&éH—éLﬁtlﬂf&ma@:fl, {:1 ansgene
expressing T cells with anti-EGFR mAb (Figqure 3 det er mi ned t he

r . e
frequency of CARZTBER m’n@ep-@l@gs|vger@qheragtgnlﬁ$t§c§wit%K§§%§pglgsllstqng,qglmpét i on
wi th RORL- CAR eRegsiidig oh £l ﬁfblifb&%ti&l\@lee_r‘s&)ed!ﬁ?'OFSEng%%ﬂLE@EBssH%ﬁE&B @apd found

consistently higher transduction efficiencies in CD4+ conpared to CD8+ CAR
T cell lines obvhinpewtien Har Boveanpdysis, samplesi puastainedmwitoenniugpied axpeP8si on of

t he ROR1- CAR O”Egﬁﬁ“ﬁ%‘i AGS t?gis%ﬁ hen@l dnd o dbdeld zed biotinyl ated

reconbi nant Fc- extracel omal n tusion protein that directly binds
to the 30 sabv ®pesultse RORL- CAR and specifically stained CD4+ T cells

transduced wi th RORI-CA td Vi DA+ T
cells (Figure 3) .en%”oé"norl%idéﬁ%éé dt@aﬁé%?%%”&i&%@% n %%%zgkfﬁéggw{&usi ng the
t EGFR mar ker angamepanded t he CAR-positive T cell subset by stinulation

with anti-CD3 mAb. t han 3-1| xpans f + lls could be
achi eved at the end Fq‘évﬁsi‘f’ﬁsy’agg.o%ﬁrg’{‘i’"&ﬂ%{c}"ﬁf"es%’}acﬁeu %’?"g’q‘ai valent to
the anplificati onif@h$esypedsddronCDIandARCCTnd déddaed e RORISCAHR fromeancamtif i r med
st abl e expressi of ROR_.1- CAR_.on the.cel ur face, of + CAR I cells
(dat a not sl’rém%%’dné{;@a&“zoé‘gﬂ? PEGERTTPEHLBY O#éﬁ?aﬁi%’@gbé‘f It“ft\r/mg‘%‘yf%fﬁr aﬂ%r}naégl |'s.
CD4|+ ROde- EAR ;F]E;@l%hi/}&n?mssiséd majﬂlc)a?’ T@H@Wb.&&rﬁ@@]gemlslrd CDd" RORD/GAR T Ve
anal yzed the effector function of CD4+ RORL-CAR T.cC S agai

RORL- posi tive preelifde gnalyrrdpet 4ime regoanifiphapd tgéf ?blllltp'ﬁ%gqg"\ﬁgtagﬁg’lt%ggﬁ t he

ab: lity of 10 (Clgg%@fﬁdd'%pﬂddiiﬁégmlﬁﬂg%ﬂls buiens ?egd{tyfyeﬁgthte& ]t:rymbmlklchr om um
rel ease assay A) and det ected weak but specifi sis of ROk -positive
target cells at petirhersh@D4i Teplts afthgalthydanoss Hisids a‘}dr@(}bé‘l“ie‘ﬂ)tﬁ?‘(ﬁ?gﬁ?%a 4). e
ext ended t hgoCRA I -EARRAY I ABHIVRRSRENE N thid wicioh8le dnbEde a3 néaledSIFEIR f i C

| ysis, however, the overall cytolytic activit

1€ ( y, of CD4+CARTcGer:lUC§ s still
| ower than CD8+ (ithdliatarwiTiacioriegenter, EGER) domaindownstiRere! BERORIEARs from

both heal thy do ) tlERnS 1S REF PoHE R thasdubGRHARAKE D forAky Y CLL
cells, the m?ﬁ%ife?fﬁza%ﬁ%}“éeu 1Thes Jeko-1 (ML) and BALL-1 (B-ALL),

and K562 cel | s tehathnwer &f tensgshgexpressing & celsawith ami-EGER pely(Figure 3). We
determined the frequency of CAR-modified T cells on d12 after a single

25  transduction with ROR1-CAR encoding lentivirus (MOI=3) using the tEGFR
marker and found consistently higher transduction efficiencies in CD4" compared to
CDS8" CAR T cell lines obtained from the same individuals. To confirm expression
of the ROR1-CAR on the surface of CD4" T cells, we utilized biotinylated
recombinant Fc-ROR1 extracellular domain fusion protein that directly binds to the

30  scFvof the ROR1-CAR and specifically stained CD4" T cells transduced with
RORI1-CAR lentivirus but not untransduced control CD4™ T cells (Figure 3). We
enriched transgene expressing CD4" T cells using the tEGFR marker and expanded

the CAR-positive T cell subset by stimulation with anti-CD3 mAb. More than 3-log
34



gene (K562/ROR1) but not native RORl-negative K562 cells by IFN-y ELI SA,
dem)nstr ific recognition of RORL on the cell rget
cells %?gglzzl%ﬁ Ml tipl ex cytokine analysis revea#l’r(}%%éra%ﬁg %?on of
ot her Thl cytokines such as TNF-a and IL-2 at significantly higher |evels
conpared to CDeexp@ﬁdibrfﬁﬁlQDﬁmmT@dlmhmmeaéhlb\tedl&ttht:hncﬂ&faalmeﬁab/L 17 (Figure

) mul ati on wi (HTEGRPAGESRTURD ® Breri 28 ppP Badioteiinedly i Tt ™ '

stringent cult uC@L%ﬁamﬂpetnlsx@mstdnhﬁn&d sl éxlpfbﬁm@f ofNORIOROCA Ry ki nes to

remove any pote ci.f iyl us. + CAl cells showed dramatic
and specific prbft #Sfléf?‘%ft gﬁ ﬁjfﬁ&%’g ﬂﬁgg‘at‘f pot n)ﬁag?%l%é FEAABHIPAT| s, Bot h
t he per cent age Rt)RTp@gh{lgstum,a&e]was i nduced to proliferate and the nunber of
cell divisions that the proliferating subset perforned was significantly

hi gher in CD4+ conpared to CD8+ CAR T cells (Figure 306). Collectively, our
data denonstrat epyhRbrREIR ifcézﬁk))e%ﬁbyﬁee&gézzzfemz%mvb%my donors and
CLL patients acquire anti-tunmor reactivity aft enetic nodification with
a RORL-specific CAR Wrpnaysgdfhe eﬁ%toa@mtlowfﬁ@% i1feAR Teellpgaimst absence of
exogenous cyt okiprs. Andvd Gid DR EIB fhos T R AN REDIRYIBECST
that CD4+ WO 2012/ 1 e ﬁgzolz/ T S <8 Bhesy e o2 typllggl hel per
functions at@er CB#| GARak ¢ediﬁtct¢wfmgheqt hﬁot@&\mtzahadchrwnwduﬂetea@mssam (€BM erring

direct anti-tu I R CTL.
5 CAR modi 11 ed, TELES Ik Wak R 6% ARORI bR t{‘or e ﬂ%f%hh + CAR
CTL To anal ymeiardkhdmnncmwn CARNT 43 V¢ extended tiol(RA o lpﬂrh@wsaed help to

CD8+ CAR CTL, e d.co ed and
control untrans usgreV rm’grl %crg S%&f%’faﬁg@%W#E hIe OR'%} nesOI%é‘?&qW
est abl i shed fr oof Cloét ChR Tautie mas stribllo@bxl.thqaa@D&nR@RlABi\R@EH()ElgurE@r4)pr OVI si on

Functi on i it neCy oRtAl PRI Biap b b ARl SR 1B Snie Ll 1 e

al one. W conbi reeknietl pamafARLI Mlsdh@RdRQlfposiﬂwﬁﬂﬁ)dwlleldleﬁmkbﬂc(MW+ T

cells with CD8+ t disti Ch4: ratiqQs, (2.1, 1:1, 1

stinul ated t hen?’ﬁ“hﬁl?r{b]@ ‘iﬁs)r %qd\r}gﬁgﬁﬁlﬂ)srt%qus%}ﬂ}gﬁkgfgﬁpé"d&ﬁ?%ﬁ?ﬁ%%%} ation
by CFSE dye di | pdne@R56/OR 0L nottnaie ROR 1-asghtité K860 ICHRIFND BLISMIsduced,

but not untransduced CD4+ T cells to ng RSAR CTL si nleﬁ!écantl 1 i ncreased
speci fic prolif&mansiingspecifie regsgnition BERPRL SR &l syrireppBiareents!iETL al one
(Figure 7). hefmgu;é @&ﬁwlﬁbl&{ ﬁﬂ@%&@réﬁ@ﬁed@@&ucﬂb@@ﬂumqm cytRiRest

| east an equi val ent anount cells ratio, of 1 or 1:1)

was added to thaiches ENFroand IL?W@SI&@#&M&M&W lee'Wéﬁ’éa%EQé %ﬁ& Tt h

unt ransduced 20CRRoJifiE b1 SLIVSF APt et cont r ol and did not induce
unspecific proliferation in CD8+ subset (data not shown). Discussion

Gene expressi on prof Nextriwe %@l&lﬂi@é sherpaolferatieneliGDA & Ak hsslly #igt stigulation

g;lelf gfgggl g{'O'R\:/L %h%ﬁﬁdwsx@mn@f@aﬁ%@@bwﬁm@ GRAREd RHhgdRPlulie nor mal B

25 condltlons without addition of exogenous cytokines to remove any potential

unspecific stimulus. CD4" CAR T cells showed dramatic and specific proliferation
in response to ROR1-positive tumor cells. Both the percentage of T cells that was
induced to proliferate and the number of cell divisions that the proliferating subset
performed was significantly higher in CD4" compared to CD8” CAR T cells (Figure
30  6). Collectively, our data demonstrate that CD4" T cells obtained from both healthy
donors and CLL patients acquire anti-tumor reactivity after genetic modification
with a ROR1-specific CAR. Moreover, the ability to proliferate in the absence of
exogenous cytokines and to produce high levels of Thi cytokines suggest that CD4"
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25as a CLL signature gene in 2 independent anal yses (27,28). Qur studies

illustrate,.t ntial to target RORl-positive malign I L h

engi neere‘gofﬁgzélleﬁgsﬁexpressi ng a RORL- CAR. CD8 and CD4+ g@fﬁg&@%{%l S
coul d be derived fromnormal donors after lentiviral transduction of either
bul k PBMCs or sQAR-Pdliskk&ttypicsialelps: fubddns RidritdRion thrsgute CAR awlih s

efficiently lysed primary B-CLL, but not 30 nornpal resting, or activated

B cel | o Char ReeiteRARc N eRag BEsuant-uarr etoenkrge Py BR8Py SEY T “but
not normal restipgopracti.vated B-cells. These T cells produced effector
cytokines including TNF-a, IFNy, I1L-2, IL-4, and IL-10. CARtransduced CD4+
T cells produced significantly higher amounts of cytokines than WO

2012/ 129514PET/ UGROIARAORR Bl rahs MBSIOL AT L8 prosie islp (BODB" CRRICTLY pes

were capable of proliferating in response to 1- expregsi ng tu%ré cells.
Agai n, CD4+ RORL- CARamlyzswheihsr 6PAt ARt beplls arg aplsito provigR dp P GRS CBAR

RORL- CAR CTLs. Ehesg gfr%ﬁnkécé-aﬂ{ui?@éxﬁeﬂrha&s Hechransducesadddardiel per T
cells exert typical ?I er functions su[g&gestl ng they could be utilized 5 to

augnent CD8+ CARtGTdice nal GD4" ad LY flegelldines faforg wbithediz® ROR1- CAR T
cells fromderi 11\¢Q, YveddBn&t sh

The effector fuﬁ%ﬁqﬁhgﬁwgﬁg}q‘{“ @gﬁ%%ﬁg@%&\%ﬁ@ ?lggqg%g\%@%enfdfal and

ef fect or 10 1enimprovuEseinsumorespetifo CRSd¢ffactad furction infilee ReRNcCCARDele
conpared. Materigls and t [ | fil.caty ) ntral, and

ef fector nenor yc%éfo@g?rfi%% G5 %%fl&u'%g%de%@ mwéggm?{s"a?g‘}?‘gécfo“ ;Rom PBMC of a
heal t hy donor ushmduded@atimtwasdumerhemirel GR4AT sadls exdthi@8 (MR €Ehyt digtingt

isolation kit) that vyiel.ds _n,u,ggd. + 5 1. {diRghd on was
| abel ed with coﬁ%ﬁ?g%%ﬁ‘“%@: i ,St"g‘%eg bgfkek: %;??Ye%’?[ mb and
flow sort purif nRdsusal prolifarafidOs EF$Rdfd dintisnWefoui@ihBilosdditmelsjARand nave
(CD45RA+ CD45RO- CD62L+), central = o+ +), and
ef fector merdry tr@@ﬁﬁ@é&gut @@%ﬂsdﬁﬁﬁ# T(C%g%%%se%égﬁ E:i S%Rg% l‘"t])ta?/s ed on
expression of t Ws&ﬁgéd’r‘ﬁ@ptﬁﬂfe@bﬁ of RO COBSEubpetabinparedito @PS dSSRETL T
cells were | abeled with 0.2 1, 1M car bo>lg fl uorescei {;Qrsuo%ci [ ‘%ed st er
(CFSE; | nvi trogélps Rigghél The, Hgregsedp BEp NP AS MASKRTBIOULET S ¥ At ™ &% ati o of
2:1in CTL nedi Ym.ganidk AhBht SOCHATEARET QIS CRACDSYARIOILE &.1: hivtesr a
72-hour incubation, cells were | abel ed erttql} ant i ‘g% ﬁ)r+cq4 H@b rc';dd
pr opi di um i odi deddedity thegosrtiwadeicssmbpaienaiuntansiessf §id) YIP STBINSFes wer e
anal yzed by z&og@‘tﬂzﬁg L¥ved38 dddi8ddal ShnwbBinaridiot iriduee Wafetifndol@RdtionT cel | s
assessed by SE di | ution.
in the CD8" subset (data not shown).
Discussion
Gene expression profiling studies have identified genes that are preferentially
or exclusively expressed by malignant but not by normal B cells and RORI emerged
25 aé a CLL signature gene in 2 independent analyses (27,28). Our studies illustrate the
potential to target ROR1-positive malignant cells with engineered T cells expressing
a ROR1-CAR. CD8 and CD4+ ROR1-CAR T cells could be derived from normal
donors after lentiviral transduction of either bulk PBMCs or sort-purified T cells.
CD8+ ROR1-CAR transduced T cells efficiently lysed primary B-CLL, but not
30  normal resting or activated B-cells. CD4+ ROR1-CAR transduced T cells weakly
lysed primary B-CLL, but not normal resting or activated B-cells. These T cells
produced effector cytokines including TNF-o, IFNy, IL-2, IL-4, and IL-10. CAR-
transduced CD4+ T cells produced significantly higher amounts of cytokines than

36



Cyt oki ne assays For anal yses of cytokine secretion, target and effector

cells wer‘ﬁop}k“gtllezgl§1 ntriplicate wells at an E/T ratio o E%Q]Jszoﬁfagmss

interfer dmor necrosis factor 30 (I'NF-a), and were neasur ed
by nultiplex cytokine inmmunoassay (Luminex) in supernatant renoved after a
24- hour i ncubat themransdResilCD&: cells. BothAgellfty mmewetr dapghle d)ﬁ}irtdifelﬁma’gﬁnlkbspmsnt ral

(CM and effector CD4+. T ,cel | riphe

heal t hy donors Wa%@%%#%é‘ﬁ%@%‘?rﬁﬁ“ @b@%&[ﬁ@&%}?anaﬁ : Erdblc—il gurg]c 8,?&)
and conpared t hejid hlgﬁérQMnQIDt}‘JrUIK[ORI-mAIEC"BLi @heseebufts imdicato thaniht kratsdeced

RORL- CAR. W achj g¥$d18 | ar | gt] {p Qﬁductl on effi enC| n

cell lines deri & PF8eh el e alhg agipastuseesing %8?%@@?%‘[ lzfc(f ow
cytometry afger o gllﬁr(gjm@,&mgm,sgene expressing T cells showed

expressi on of CD45 and loss of CD45RA in the CD4+ N CAR T cell line,

consistent wth an activated phenotype after the lentiviral transduction.

The 10 CD4+ N, M APR 3EMHeARedtof fildctibn HEEDILRURICAR T bAK TR at
ivedpr essi on
of CD62L, confirm ng t hat thg i ni tlce{I flow sort purifi catsl on har(lj bgen

perforned with Foghnaive, cenfral and effectoromemogy syRE6ty zed t unor recogniti on,
cyt oki ne secretion apf &bt ﬁﬁEt?&n'o‘?@leT Qﬂ%ex%ﬁlf'Bnﬁ%JeScéi&Ella%@dffédt&m N, CM

and EM subsets and conpared themto the 15 CAR T cell |'i nes generated from
bul k CD4+ Tieel h@momwm!dé@nsmfﬁqdlvﬂﬂﬂbﬂ}%ltq/’dﬁwé‘fe Cmﬁ‘gom tive tunor

cells by IFN-y ISA%?H‘F the cell lines. Miltiplex cytokine analysis
reveal ed t hat s der| ved fromthe N subset produced by far

Ej he gl ?h;ast I e\éSbﬂ émht"c'hmorcqﬁnamenmtrabapécffenwlymbmﬂz’ ¢Pigedlse 8C) and CFSE
ye dilution showe ’
F\IEQE%T grg s%{a?e(a f0RY f’]?]l\//fcgé()r‘;gﬁllé Heﬁ' doﬂgrr REBABSRivE O

20stinmulation with Yive tinor ce Di'scussi on
Qur studies ill u&gﬁaice)eidmlepmne(mlltwyl CO4timlagion kiRORaL-yfields untapehadeGDynhnt

Tcel 15 could be el iooRT FaicBSEh FRBTHIR MBI GPRAY i FPRIs O AR
transducti on of agd #d#CD62L mAb and flow sort purified using a FACS Aria flow sorter (BD
Biosciences), and naive (CD45RA+ CD45RO- CD62L+), central memory
(CD45RA- CD45RO+ CD62L+) and effector memory (CD45RA- CD45RO+
CD62L-) CD4+ T cells purified based on expression of these defined markers.
20 CFSE proliferation assay
T cells were labeled with 0.2 uM carboxyfluorescein succinimidy] ester
(CFSE; Invitrogen), washed, and plated with stimulator cells at a ratio of 2:1 in CTL
medium containing 10 U/mL recombinant human IL-2. After a 72-hour incubation,
cells were labeled with anti-CD8 or CD4 mAb and propidium iodide (PI) to exclude
25  dead cells from analysis. Samples were analyzed by flow cytometry, and cell
division of live CD8+ and CD4 +T cells assessed by CFSE dilution.
Cytokine assays
For analyses of cytokine secretion, target and effector cells were plated in
triplicate wells at an E/T ratio of 2:1, and interferon INFy, tumor necrosis factor
30  (TNF-), and IL-2 were measured by multiplex cytokine immunoassay (Luminex) in

supernatant removed after a 24-hour incubation.
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25 bul k PBMCs and sort-purified T cells fromdefined nave or nmenory T cell

subset s. \98@][ 2@35914 central nenory, and effector T Cell%&@l@%ﬁ%gﬂ ;fector

cyt oki nes” I'c img TNFa, IFNy, IL-2, I1L-4, and IL-10. FRASNE ) coa+
cells derived fromthe nave subset produced significantly higher amounts of
TNFa and |L-2 tResulsentral and effector nmenory derived CD4+ CAR T cells
after signaling thr t he 30 Al C4 S, were c | e of
proliferating in re(s)% SPBPFQ@%% cﬁ%%@gx% P?ijy{% Oﬁﬂﬁ“f’?ygﬁgﬁuced CD4+
cells derived fcopaf Thellsrf&)mt}félpbﬁlﬂieral bt@ed pES hatthpdenonfbadedaml expresshmtofwas

i nduced to prolif e Il divisi

proliferating sGBgé@&&ﬁ%ﬂ%é daﬁgﬁ gy @r‘ ?ﬁfq(’y‘pﬁfegﬁ?? e?%‘c‘)t%’taﬁ‘i}{ol}kl ne

profile and pr OBﬁJr%{o@tﬂcuﬁorp@maﬁ)bm)mnoARaWe aﬁm%d@mlwﬂyﬁ@ﬁﬁamﬁﬁpd? T
cells may be best suited ta auglrrent CD8+ CIL. Sggarrpl e 4 - Naive
S

CD4+ T cel |'s ar effigiengiesyin etk cell lings derineadiopn @Eﬁg the Higq ub%Rave, central
memory, and ef f g fiiffardhicaid %@Wn%'ﬁﬁé; eﬁﬁ&ﬂn%ni’\@trtﬁan%yﬁél b iésSielg Wick s

transduced CD8+ cytotoxic T | ynphocytes and proliferative res onse of

the cells was rrelm@déwrpwonﬁﬁa‘}é%otaed loss PRITRASRAInhe GDKSN SAROReeIE el | 5.

Material s and I BfherkGsn. MREOr Yy
derived RORL- CA ﬁ{'?gﬁlssgf g‘gﬂ Lé“ﬁt@%g{?c\ll@typ&% i lerﬁﬂfﬂat tan@fikGdn. FRIDEY

cyt ot oxi ¢ leyr’rﬁﬁéc?& M andrEM EAR T oo liney ectained diderential CWPVO@@LT cells
were |abeled wth ﬁ%,tha%% +q(ﬁg n&@?caﬁ%ﬁﬂd hloedtbriRd wi@HGhl tured at a

1:1 ratio. The Eo-CuUlPUres were timul at W|th K562/ cells and
control K562 cepurityand cell proliferation was measured by CFSE dye dilution

assay after 5 days |ncuba r.f Q’Em i ned
wi t h conj ugat ed antlOJi 3%’3? 9tu"8%aecﬁ‘%\ﬁ%rpg§%ﬂ§tﬁ % %S{Je?s (ﬁo‘wagm%@
subsets. Resul t §D20CERAF c¢lB\deri@ARTonc N Ch1 dned FM subsetpand apmpatsi themptothe augment
the effector fu | per function
of CD4+ N, @R aﬁ&&ﬁf%ﬁﬁ‘%ggﬂqﬁrﬂgguw é’tﬁl\e/\ferlrllgﬁgpv#%ﬂ' EQ&C e favorabl e
cyt oki ne profil gecogdtigh sfIRO®T-pésitive andrenlls b IFdRy ELISA 1Ne®hl-‘(>)fThem@lllllseSV\oul d

al so translate into the strongest he L.

Previ ous wor k h&&RIGemEkng lyf‘ﬁéetveﬁlgfgtﬁ‘%teé&&gﬁﬁéﬁlcﬁ5| enc‘fg(f?%rﬁ\?’ngs bet ween
N, CM and EM CDggpsdt fr6duedd bynfat thathiopedt ldviblei)bctyecmmeaJ espﬁcldlllytlly 2f(Bigumdopt i ve

th Qu h t| EM.d d CD8+
T 0ol | s ar o 4bl 801 8NieH e O ook B BB G Bh Sl T USRS or

whi ch makes jhhemiguRfi&! ®fif RORILHRSIEVe RoCEBIs (Figeelsby. for i mmunot her apy
(33,34). Other groups
Discussion

Our studies illustrate the potential to target ROR1-positive malignant cells
with engineered T cells expressing a ROR1-CAR. CD8 and CD4+ RORI-CART

cells could be derived from both normal donors after lentiviral transduction of either

25  bulk PBMCs and sort-purified T cells from defined naive or memory T cell subsets.
CD4+ naive, central memory, and effector T cells produced effector cytokines
including TNFa, IFNy, IL-2, IL-4, and IL-10. CAR-transduced CD4+ cells derived
from the naive subset produced significantly higher amounts of TNFa and IL-2 than
central and effector memory derived CD4+ CAR T cells after signaling through the

30 CAR. All CD4 cell types were capable of proliferating in response to ROR1/K562,
however in the CAR-transduced CD4+ cells derived from the naive subset, the
percentage of T cells that was induced to proliferate and the number of cell divisions
that the proliferating subset underwent were significantly higher. Both cytokine
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30suggested that CD8+ N T cells may al so possess favorable traits for use

in T cell 35,36). Thus, we generated CD38+ CAR t
purified ‘tha}ﬁ{cﬁ]%lgl’ cells to determ ne the optinal com%gﬁ%sééllgi)&&g&+ and
CD4+ CAR T cell subsets. Following lentiviral transduction and enrichnment

of CAR-t r ansducpdfilela@d prolifetativie sapasitynipdichte tHaEt#ie Gldd-KRORIvWRAR Greklly mad
tunor-reactivity of the CD8+ N R (data not shown) and

per f or med co-cu%??ﬁtesug%@taf‘g@?ﬂtﬁ&qt@@é@ﬁT cells as before. As
anticipated, co-culture of CD8+ N and CM CAR CTL with CD4+ N CAR T cells
resulted in significantly, higher t r-specific 5 proliferation._of the CD8+
subset conpar edE¥YRIE 4 Nais %Tﬁe e BLelE‘f\VF “?e'B%’I'ylaé‘%’&chfl#e CD8+

CAR CTL al ong (Fi gun@ai), cerfdt méhos] dndedbibn@dns@pred CDaxTrashs perel i fer ati on of
the CD8+ CAR CTL in response to stinulation }“\}/I;th R@l-ﬁﬁ]séitive tumor cells

was observed af eespliteed with fransducsd CEIST-Cyiqteugl Pmpbpesdesgng eargifcaiccar cTL

(Figure 9). Col |g6dnkd/&t the ceDd tvallAbaAufAPRSHINSE @ stifi@latibh @R KB6ERORAT i nsi ¢ 10
di fferences between N, CMand EM CD4+ T cells in their cytokine profile and

proliferative pellential, with higher production of IL-2 and superior

proliferation i s Ahd’; 4s. Qur data suggest that sort purified N,
rat her than CM Brs%llﬂlfgg%géu T cells nmay be best suited to augnent the

effector fumeti Go-coftu®@D8+ CTL, and conpl enent previous work in CD8+ T cells
that CMderived CD8+N§V&§A@ BRINIRES: hohBYQRARIRORACAR RikdlcbFoDROT Use i

adopti ve i nmunot her ap scussi on lectively, these data
denpnst rat e t hatellslaad ROBHtGAR transdnestl SID8&feyREmiC ThRnkoeltes dSEvEMOm and CD8+ T

cells confers potent %g]}tni{)a@%%g)% V¢I§§P?Q§1?§wér9lag’glﬁ%?lliﬂé;@g?EﬁgﬁD@janaggreSSi ve

systenic | ynphofg"% ence for a 20 synergistic
effect of CD4+ CPR+TARTksll biestcheutured attavnbratief Theeresultvfes @BBAh@AR CTL. Cur

data illustrate how the. Lysi-s, . of ,.cell -intrinsi 0 LWaf ormt he
rational deé?gnsﬁ?w&téﬁg]wltgﬁkgg%@lccﬂﬁ %ﬂdnclorrlltgmt%d()s'lta % c%ﬁ%?%&e@?%ﬁ?gncgg{ and
CD4+ T cel |'s t Onichqurday CREBc@Rutidn ssuyaéer 5 days nbinbbatipy FopBovEsmalysise 5 -
Mouse tunor nodel of system ntl.e 1.1 h . ol - :

Ve exani ned thes%?ﬁlésc‘fééﬁ?ta'ﬁf*%‘(yg@f’%ugé%g aﬂ%'lcéﬁgar?gta é'e?gt% A?ﬁ’n%?t{né*j%‘f Z:acy of

ROR1- CAR nodi fi eghgClagd cOhL sitske®n i n vivo nodel of aggressive systemc
mantl e cell |ynphoma. 30 Materials and Methods Sublethally irradiated
NCDY SCI D/ ganmma S mce were engrafted via tail vein injection with 5x105

Jeko- 1 cel | 54t hatphagdibear Siedbhiveld sapsiRabRi miaugmdr refdffycronfeidien ate

(Jeko-1/ffLuc) to enable assessnent of tunor burden and
CD8" CAR CTL

We compared the helper function of CD4" N, CM and EM CAR T cell lines
to determine whether the favorable cytokine profile and proliferative potential of
CD4* N CAR T cells would also translate into the strongest helper effect for CDS8"

25 CAR CTL. Previous work has demonstrated that there are intrinsic differences
between N, CM and EM CD8" T cells that affect their potential utility for adoptive
immunotherapy. Our group has recently shown that CM but not EM derived CD8" T
cells are able to persist for extended periods after adoptive transfer which makes
them a preferred subset of CDS8" T cells for immunotherapy (33,34). Other groups

30  suggested that CD8" N T cells may also possess favorable traits for use in T cell
therapy (35,36). Thus, we generated CD8" CAR CTLs from sort purified N and CM
T cells to determine the optimal combination of CD8" and CD4" CAR T cell

subsets. Following lentiviral transduction and enrichment of CAR-transduced CD8"
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after T-cell str aRif@htionW? tRETDHETSTRG: KinPaklithESEAREHHITBDLNAM & FRY alapat e
tunor burden. The strongest anti-tunor effect was observed in mce that

recei ved the cortfichacr b CHS" €ARCERglogeiFiswe ) Oungt ail compingtiony; maximpm| og
15 educti on I N Biuidhes HRNOTN'S! (el GRIRAG ELclhnk o O REIR IicRiRe ( FT gur e

10). W al so observed a strong anti-tunor In mce that received

ei ther CDC or ClymorRelisiwasmRsarvad aficeep-duliges qf§D4\/\N(ﬁARiT qugWrtb@@?t Cdh in

bi ol um nescence n I tly, the
reduction in turr(i? Ig.gﬂéﬁ %ﬂp? § %llg(gwgﬁ'i é{r?éﬁ%ldénﬁbr%# e t}wg_%et C%éfirg%AR T cell
conbi nat i on 1as diffescacesrbetiran N, BM af EMERA @iigin tﬁbﬁﬂyﬂ{nmdﬁlew CAR T

cel I ‘groups COIr‘rg{ | ?g?tfv%%g%ﬁglal NGietf p%ﬁer% ctc@%f %LJI y@ln%ﬁgs@erg&?ancn‘ were

wor ki ng synerg ca SCUSsi 0 |ve
denonstrate t hatCD4ﬁN hdﬂbt@w&iatarsagﬁehatcsbrt R@iﬂﬁd@kﬁhtbﬂdha‘m@ﬂ ElMbt batkd CDC T

cells confers p i -t onses Vo 2 d

aggr essi ve syst Icfiﬁri)'ﬂ@ﬁg ?ﬁﬁ“ﬁ?‘g |38§m8’3}|nllfe258t°f %‘P“&’%ZE@ gL% andn g
synergistic eff eamplenfnenﬁﬁaéem(ﬁéﬁoik el D& T0¢‘ellt that @Wit deriv e ODS T édlls pogsest CD8+
CAR CTL. Qur data |%k£itrate how t he a &Sls of ceI | -intrinsic qualities

can inform tfie &0 PSS By U Ia &IPS ni ng bot h
tunor-specific Ppihissisid CD4+ T cells to i nprove outcones of cancer
i mmunot her apy. 30 ) .

Collectively, these data demonstrate that the adoptive transfer of ROR1-CAR
modified CD4" and CD8" T cells confers potent anti-tumor responses in an in vivo
model of aggressive systemic lymphoma and provide evidence for a beneficial and

20  synergistic effect of CD4" CAR T cells on the anti-tumor efficacy of CD8" CAR
CTL. Our data illustrate how the analysis of cell-intrinsic qualities can inform the
rational design of cell products containing both tumor-specific CD8" and CD4" T

cells to improve outcomes of cancer immunotherapy.

25  Example 5 - Mouse tumor model of systemic mantle cell lymphoma (NSG/Jeko-
1-ffL.uc)
We examined the effect of providing CD4 help on the anti-tumor efficacy of
ROR1-CAR modified CD8" CTL in an in vivo model of aggressive systemic mantle
cell lymphoma.
30 Materials and Methods
Sublethally irradiated NOD/SCID/gamma™ (NSG) mice were engrafted via
tail vein injection with 5x1 0° Jeko-1 cells that had been stably transfected with

firefly luciferase (Jeko-1/ffLuc) to enable assessment of tumor burden and
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Example 6 - CD19 CAR T cells exhibit the same synergy We exam ned the

ef f ect of I CD4 help on the anti-tunor efficacy ified
cD8+ CTL YV élgﬁ]gre invitro and in an in vivo nodel P?fmggre/sogbg\g/ée
systenm c rrantle cell lynmphoma. 5 Materials and Met hods CD19 CART

cells can bg Er eisﬁtfcbadorassn@eﬁ@mhihesteﬁda itd&ging) 08¢ EohfitAdbthe Whtisieni s her eby
i ncor porate y referen C CD19- transduced CD4+ T
cells and CD19- qu%{’ﬁé@ﬁcﬁtﬂ d@%l %9’ lﬁg‘Bﬁ?té’%*lap REESEs were | abel ed
with CFSE, and @Rscathdidl 98pRdmAinNSG mice linddt@helé dontidioh® Follh\@ing mvdl t ur es
were then stinulated with K562/ ROR I cells and caontrol K562 cel]l s .and cell

proliferation neRE Rt tﬁ}i"‘@ﬁfgﬁ BNss refefvae eiher £88af AR ¢ Brs (grogpy s (&

i ncubation. For cwawcam x&,s %), a SANhARNWECHES hidi (B4 NOR NCARY-AHSRIEHT
anti -CD8 and anti - CD4 di stingui sh CD8+ and CD4+ subsets. 15 In vivo

nodel Subl et hal p«;lls|(grpamﬁbv@wnmmwwplgﬁﬁ%(muqNéé) vigtadlev e RISl af t ed
via tail vein 'ﬁb g&&rtfggxlf.} ;gﬂogﬁc]yﬁﬂ%wi ﬁéﬁe?( o?ﬁéds?enfebf%tcehsa\dasbmﬁmﬁ% aply

transfected wt 1Terase (Jeko-I/ffL ucé to enabl e assessnent of
tunor burden andasgs. 3¥¢ olitaingdmye hisedsgram demitnddave atier adentiye trgnsfepand onf i r med

the consistent 20, fﬁﬂg{ ﬁ%%[@éﬁcgﬁﬁ&ﬁl C%ggtransgigcg%r ﬁﬂ&nﬁﬁgﬁi PRIRR hef rapidly

progressive di ssem na m ce under these conditions.

Fol | owi ng tuaorpm@eafblmd)t groups of 3 mce received either CD8+ CD19 CAR
CTLs (group 1), CDlﬁ+ CD 19 CAR T cells (group 2), a conbination of CD8+ and
CD4+ CD19CAR trgr‘? Bced T cells (group 3), untransduced control T cells
(group 4,5,6) via tabDhdweé mfteZET-delﬂjtmmfetowecpcrfmrmed behtmeescenCe fmagingty . The

total nunber of transferr ejlz])t 106 ) aI% %{? Bttai ned
eye bl eeds fromftHEGMEEr g"rﬂ%iﬁﬁ?tfoé’ge % bﬁ’f’%e Ry e osBEdn g i gure 10
shows the super igeivadihk icbibiahtidnlof €DBARIIEDE! IkoRumeR meelisywdh 2 tom 30t he nave
subset to augnent tunor-specific Eé’Ol | feratl(%% f ?{nltral @%‘_‘re r| ved
CDB+ AR CTIS| n Tedysian i hioBreResesnoR sgal chpbie 9. AR
CD19- CAR T-cel | alsh Bﬁs%weahlsﬁbﬂgaelnﬁdu%ﬁ difetiia nfitlfat regiviel eittee CDST yxn@]h«bma t unor
i ne Jeko-1. Al t hough CAR T-cel |l lines deri veg irom t he centlral or
qu CAR modlﬁed T cells, with >1 log reduction in bioluminescence signa
compared to controls (Figure 10). Importantly, the reduction in tumor burden after
administration of the CD8*/CD4" CAR T cell combination was greater than that of
50 the CD8" CAR CTL and CD4" CAR T cell groups combined suggesting that CD4"
CAR T cells and CD8" CAR CTL were working synergistically.
Discussion
Collectively, these data demonstrate that the adoptive transfer of ROR1-CAR
modified CD4" and CD8" T cells confers potent anti-tumor responses in an in vivo
25  model of aggressive systemic lymphoma and provide evidence for a beneficial and
synergistic effect of CD4" CAR T cells on the anti-tumor efficacy of CD8" CAR
CTL. Our data illustrate how the analysis of cell-intrinsic qualities can inform the
rational design of cell products containing both tumor-specific CD8 and CD4™ T

cells to improve outcomes of cancer immunotherapy.

30
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product (after KbSe&ateteahd MIqﬂbl&“ellatlmnthamddgy@FSEdysghm)on aﬁéhﬁaﬁnréeiayeere t hen
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were anal yzed. ha mx@4mttednsmgdisha:mm¢vaﬂ+@msetsand CD4+ CAR T-cel |
product, 25 significantly higher levels CDB8+ CAR T cells after the tunor
chal I enge (&1 ol Y‘V%QWQF'Z) and conplete rejection of the Raji inoculum

(after tumor chal | engmldthaitiratiifyd N@D/S(BD/gah‘lMadt(NSG)&{lce were Bhgafiedhvit  had
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engraft (after gRMuGRALE BBELIALIO. Bhdias@BmenpaNamoBurdsdi scussi on
Col l ectively, thesé data denonstrate that transducing the cells with

anot her CAR condistribation wivpdiolapingscenge imaging. Wejcanhamed thg consslent cel |'s confer
potent anti éBu %‘{liﬁﬁ&ﬁ’ A& Srate™ I'CUO%) And Hé’v@loﬁﬂ@@c'of edpidPplogResdivee systen ¢
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| ynphoma an evi dence for beneficial and synergistic effect of
CD4+ CAR T cel | disgamindted lamphommms@mﬂqedaév thrse egnglitionpfolYVing RO or egoi ng

o) o ey R ESHERL AL 0 ot . b ey =
CD4" CD 19 CAR T cells (group 2), a combination of CDS8" and CD4 CD19CAR
transduced T cells (group 3), untransduced control T cells (group 4,5,6) via tail vein

25  injection or no treatment (group 7). The total number of transferred T cells was
10x10° in all cases. We obtained eye bleeds from the mice 2 days after adoptive
transfer.

Results
Figure 10 shows the superior ability of CD4+ CAR T-cell lines derived from

30  the naive subset to augment tumor-specific proliferation of central memory-derived
CD8+ CAR CTL in co-culture experiments with CD8+ CD19-CAR CTLs and
CD4+ CD19-CAR T-cell lines, stimulated with the CD19+ mantle cell lymphoma

tumor line Jeko-1.Although, CD4+ CAR T-cell lines derived from the central or
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Fig. 13 shows synergy of CD8+ and CD4+ CD19-CAR T cells in a mouse

15  model of systemic lymphoma (NSG/Raji). Engraftment of the Raji tumor was
confirmed by bioluminescence imaging on day 6 after tumor inoculation (before
treatment) (treatment scheme shown in A, tumor engraftment by bioluminescence
shown in B). Analysis of tumor burden using bioluminescence imaging showed
complete eradication of the Raji tumors in the cohorts of mice treated with CD8+

20 CDI19-CAR T cells, and in mice treated with the combined CD8+ and CD4+ CD196-
CAR T-cell product (after treatment middle black and grey bars) B). The mice were
then challenged with a second inoculum of Raji tumor cells and the frequency of
CD4+ and CD8+ CAR T cells in the peripheral blood, and tumor engraftment were
analyzed. In mice treated with a combined CD8+ and CD4+ CAR T-cell product,

25  significantly higher levels CD8+ CAR T cells after the tumor challenge (C lower
panels), and complete rejection of the Raji inoculum (after tumor challenge right
grey bar, B). In contrast, in mice that had received CD8+ CD19-CAR CTL alone,
we did not detect an increase in CAR T cells after the tumor challenge (C) and the
Raji tumor cells were able to engraft (after tumor challenge right black bar, panel B).

30 Discussion

Collectively, these data demonstrate that transducing the cells with another
CAR construct, CD19, CD19-CAR modified CD4* and CD8" T cells confer potent
anti-tumor responses in an in vivo model of aggressive systemic lymphoma and
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254. An adoptive cellular imunotherapy conposition of any one of clains

1- 3, wherg] tigen -reactive chineric antigen rec LfLed CD4+
T hel per \&Q{}Ph(hl?%g“ ved from CD45R0O negative, CD62L pogp#ﬁ]‘\’% J%%si tive

T cells. 5.The adoptive cellular immnotherapy conposition according to any
30 one of cl ai TerHAT WHIEHAS CHAIMEDMS: T hel per | ynphocyte cell is selected
fromthe group consisting of nave CD4+ T cells, central nenory CD4+ T
cells, effector nenory CD4+ T cells, or bulk CD4+ T cells. 6. The adoptive
cel l ul ar i mmunot herapy conposition according to claim5, wherein the CD4+
hel per |ynphocyte celll isAnadnplize Gbinlar immerotheraghicpmpositidieomauigngeD4+ T cel |

conpri ses a CD45RO-, +. -+ + - i el lul ar
i mrunot her apy ponpos?ﬁgéﬁl élcrggg{?%ghlﬁ%mﬁgﬁ%u Orgﬁ(glﬂ-ﬁn]e? ?ngtﬁvb:ég)?lgl n the
CD8+ T cyt ot 6xi cell thapdisiydiesct winor resognitianc srelchugments the € Rr-domuoe respaisé ng  of

nave CD8+ T cells entral, nennpr @Deﬁ S . P8+ T
cells or bulk C&Ratﬁa réﬁ’lvgl?ereirgg"? 'yPﬁ eradg-‘pg}plgg‘élltecglllﬁ%%pgfahl&qn’?m n‘gfg E}%Cr apy+r
COIHFO'SI ti on accaelk thg hvee tlamanic/antigbrercedpior chie pr@dizranc yttocdhilar aiftidogyphocyt e
ce is a central . . ! I. ) . ] i

C brbo’, enph oa TR e AR ' D5 SRE iR PRI g L pase " oo
i munot her apy can@eslivliraignaldgaiotiangoftad @fiyeckponendf cl aims 1-8, wherein the

CD8+ cytotoxic T lynphacyte cell is central nmenmory T cell and the CD4+
hel per T Iyﬂﬁhocyteng)a&ygpg’gé?ah%%e G eXFIRRNt | y 10. The adopti ve
cel lul ar i mmunot herapy conposition according to any one of clainms 1-9,
wherein the disease or disorder . is a solid tunmor, hengtol oigi ¢ 20

mal i gnancy, mel anoma?- or ARAPLVeFEIRA FNRURAtheRPY Composnlonli.c}al*ﬁ‘é’g‘ﬂ@ﬁ"ti ve
cel lul'ar i munotBgpagyg.composi tion according to any one of claims 1-10,

wherein the antigen associated with the disease or di sord?r is a tynor
associ ated cell surf gb@g@gﬁqagémodlﬁed CD8+ cytotoxic T lymphocyte cell preparation that

15  comprises CD8+ T cells that have a chimeric antigen receptor comprising an
extracellular antibody variable domain specific for an antigen associated with a

disease or disorder and an intracellular signaling domain of a T cell receptor.

3. An adoptive cellular immunotherapy composition of claim 1, further
20 comprising:
¢) an antigen specific CD8+ cytotoxic T lymphocyte cell preparation that

elicits a cellular immune response comprising CD8+ T cells derived from the

patient.

25 4. An adoptive cellular immunotherapy composition of any one of
claims 1-3, wherein the antigen -reactive chimeric antigen receptor modified CD4+

T helper cell is derived from CD45RO negative, CD62L positive CD4 positive T

cells.

5. The adoptive cellular immunotherapy composition according to any
30 one of claims 1-4, wherein the CD4+ T helper lymphocyte cell is selected from the
group consisting of naive CD4+ T cells, central memory CD4+ T cells, effector
memory CD4+ T cells, or bulk CD4+ T cells.
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25 12. The adoptive cellul ar i mmunot herapy conposition according to

any one g{vgglsngzi{le ?g‘ 10, wherein the antigen associ ated %#&ﬁa&glog&ggase or

di sor der cted fromthe group consisting of orphan osi'ne Kl nase
receptor RORI, tEGFR, Her2, LI -CAM CD19, CD20, CD22, mesothelin, CEA, and
hepatitis B 30surfac& antThgadoptivé\CeIR(kt ZhthdSGHet4)y ColdPROHIGY 40361318 tdlJaihe

195, wher of n't RO BRI ARG RAPBRa i B Feoir Gag b ol eBrtne n
anti body- deri vegaiehCDR¥ TGeRBShGEBs & EDAPROY, COASRAFheDezioptD¥eTeell.l ul ar

i mrunot her apy conposition according to any one of clains 1-13, wherein the
intracel lular signaling nodule of a T cell receptor of the chinmeric antigen

receptor conprises aztrangERassRs el AT RRMuncthddpREofipbdiad dtgord@E® shy and a
CD3 intracellular signaling domain, or other domains of T ce

1
costimul at ory neneefislades 1-po wheremythe GI§HT aviotesdq Iymphageyierfst) s salested fjpm
conposi tion accme%%%fbﬁsiﬁingbﬁha}ée CHRETRLI, thal M@ eiDsW Bdells  c@iR@bi Ng

dormai n conprises a 8 transnmenbrane and signaling domain linked to a CD3
i ntracel | ul ar dowsiory, CR&1 6 cgifseor b iP&AT edls| ul ar i munot her apy conposi ti on
according to any one of clainms 1-15, wherein the intracellular signaling
domai n of the CD8+ cytotoxic T cells is the same as the intracel lul ar

si gnal i ng daeai n of $.he Ob-adensivpee!lufardmmurotheapyrcompesiteiscordmgéet!pin ar

munot her apY C SRS YR SECSRLIPT Q081 81 S Bghplpcitier o Lhe

intracel lular signali totoxic T cells is different
t han t he i ntr acelhbminahe eangalahémay daeHicompdises i EDARO+HeDEHr, ED8e (1) osll.
2518. The adoptive cellul ar i munot herapy conposition according to

9. The adoptive cellular immunotherapy composition according to any
15  one of claims 1-8, wherein the CD8+ cytotoxic T lymphocyte cell is a central

memory T cell and the CD4+ helper T lymphocyte cell is a naive CD4+ T cell.

10.  The adoptive cellular immunotherapy composition according to any
one of claims 1-9, wherein the disease or disorder is a solid tumor, hematologic

20 malignancy, melanoma, or infection with a virus.

11.  The adoptive cellular immunotherapy composition according to any
one of claims 1-10, wherein the antigen associated with the disease or disorder is a
tumor associated cell surface antigen.

25
12.  The adoptive cellular immunotherapy composition according to any

one of claims 1-10, wherein the antigen associated with the disease or disorder is
selected from the group consisting of orphan tyrosine kinase receptor ROR1,
tEGFR, Her2, L1-CAM, CD19, CD20, CD22, mesothelin, CEA, and hepatitis B

30  surface antigen.
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claine 2-17, wherein the CD8+ T cell and the CD4+ T cell are both

geneti Ca"&?ﬁ@%ﬁég’gﬁd with an anti body heavy chai n domai @CEB%F%QI?@g&%g ically

binds a p specific cell surface antigen. 3019. The e cellul ar
i mmunot her apy conposition according to claim18, wherein the pathogen
specific cell surfagee antTigedomss oelividrédmuohstherbfiecottipssiisitacosrdibigsoarder i s
sel ected fromthe group consistin OE' H YV anti gens, HCV anti gens,, HBV
antigens, COW afb§ ms 1ds ‘ﬁ'éer’%lgﬁkeic imgriciagligea Teceplyr caMPrijes? FRelshalliont i ve
i mrunot her apy  capgRal-dbied RhinRAY afdiRn cepibai M6 1-19 in the treatment of
cancer. 521. The use of claim 20, wherein the cancer is selected froms a

solid Eﬁm)r, hemat ol ogi c ma:cignancy, or nel anoma. 22. The use of an adoptive
i mrunot her apy conmpogj t i onrifadghtive RARIAimfuAbth®apy dothpositibh oeit of an
infectious disease. 10 32%“ _'?’he _uselmof an g%:)pt ip\?e li rﬁ%ﬁg?‘%gr apy
po][rpos! tion of enapfalams lyAevkarein thedntraselbtler signaling edideofiagl ¢ellrpgegior Of
I nfection. i ' | b dnk

. e bhinl R aHgenGEcePidr BGHARTsEY LurdddHiLR WP of
claim 23, 15wher €i n_1 t‘%e avﬁgegl (ieg%l‘aéct | onS é|/egmisel ec?%g@?m’gn i nf eéél?im(‘)kn W th
her pes virus, rdbmeiniands CRhistracellhlaysignaling domain, or pther dpaingsd Toellan adopt i ve

| munot herapy coppas) ki aim 24, wherein the viral infection i
infection with & lglﬁ)'lzlia%t‘;)r?irtlﬂsoq)%/clurﬁl%'s. 20 lon 1s an

10
15. The adoptive cellular immunotherapy composition according to claim
14, wherein the intracellular signaling domain comprises a CD28 transmembrane

and signaling domain linked to a CD3 intracellular domain.

15 16. The adoptive cellular immunotherapy composition according to any
one of claims 1-15, wherein the intracellular signaling domain of the CD8+
cytotoxic T cells is the same as the intracellular signaling domain of the CD4+

helper T cells.

20 17. The adoptive cellular immunotherapy composition according to any
one of claims 1-15, wherein the intracellular signaling domain of the CD8+
cytotoxic T cells is different than the intracellular signaling domain of the CD4+

helper T cells.

25 18. The adoptive cellular immunotherapy composition according to
claims 2-17, wherein the CD8+ T cell and the CD4+ T cell are both genetically
modified with an antibody heavy chain domain that specifically binds a pathogen-

specific cell surface antigen.

30 19. The adoptive cellular immunotherapy composition according to claim
18, wherein the pathogen specific cell surface antigen associated with the disease or
disorder is selected from the group consisting of HIV antigens, HCV antigens, HBV
antigens, CMV antigens, and parasitic antigens.
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26. A nethod of manufacturing an adoptive immunot herapy conposition of any

one of clgj - conpri sing obtaining obtaining a nodif.l + T
hel per ce‘?b%ﬁé{zgggf‘i cits a Thl cytokine response, V\hereiﬁ)ﬁlr&%é&%gﬂﬁggd

hel per T | ynphocyte cell preparation conprises CD4 positive cells that have
a 25chimeric antigen receptor conprising an extracellul ar antibody variabl e
domai n specific for the antigen assocj ated vm'hh t he di sease or disorder and
an intracel | ul ar si#hal i nijredBsefan adoptive immungtheranyomPpeFItien ofiaRy 9% Off yr t her
conpri si ng obt apRimol -8 mhthdBEduGensOf @ftickden receptor nodi fied tunor-specific
CD8+ cytotoxic T |lynphocyte cell preparation that elicits a cellular imune
response and an antigen-reactive chineric antigen receptor, wherein the
modi fied cytgtoxic ;1 yMPRRGYKL 6 Gl 20PHRREHMd ARces AMBIbiSE Fokl®koke! | s that
have a chinmeric antigen receptor conprising an extracellular antibody

vari abl e domai ntuspechetiatologiv makenarey gienelarosisei ated with the di sease or

di sorder and an intracellular signaling nodule of a T cell receptor.

28. A nmethod of performng cellular imunotherapy in a subject having 5a

di sease or di sorder2ZonprTiwiusgof aacdpptivs immunetherbpy cooppsiton ¢igny ore efny one of
claim 1-19. ooim@P10 f fPRDOHeR b RERFQIAIUEE! Ul ar Tnmunot herapy in a
subj ect havi ng g2 scas® '0F "ai sor der conprising: analyzing a biol ogical
sanpl e of the subject for 10 the presence of an antigen associated with the
di sease or disorder_and m nistering.the co Y . of cl ai ns
1-19, wherein the chimeri eélﬁ?Pgaélnadf)év&l)?m%n%&%}ﬁoc IO%OIE(F%I h2z

or 'spe nds to the
antigen. 3Dereth the infiedowy digeasefios niralgnfe@iohul ar i nmunot herapy i n subj ect
havi ng a 15di sease or di sorder conprising: adm nistering to the

subj ect a genetically nodified hel per T |ynphocyte cell preparation,
wherein the nodifiegs hel pee uke bysddepiscemamhbthpagpangiosidon ctripmi2Ses CDA+ T

cells that have a chinerjc antjgen receptor co {.I Si i}g a ext.rr gcel | ul ar
anti body varipabMherante Mira jafgstionds pelectedrom, an o YLE BEPEAES Wi t h t he
di sease or di sorgdgyiraddndRnibbifacel | ul ar signaling nodule of a T cell
recept or.
25. The use of an adoptive immunotherapy composition of claim 24,
wherein the viral infection is an infection with a hepatitis virus.
20
26. A method of manufacturing an adoptive immunotherapy
composition of any one of claims 1-19 comprising obtaining obtaining a modified
naive CD4+ T helper cell that elicits a Th1 cytokine response, wherein the modified
helper T lymphocyte cell preparation comprises CD4 positive cells that have a
25  chimeric antigen receptor comprising an extracellular antibody variable domain

specific for the antigen associated with the disease or disorder and an intracellular

signaling domain.

27. A method of claim 26, further comprising obtaining a chimeric
30  antigen receptor modified tumor-specific CD8+ cytotoxic T lymphocyte cell
preparation that elicits a cellular immune response and an antigen-reactive chimeric
antigen receptor, wherein the modified cytotoxic T lymphocyte cell preparation
comprises CD8+ cells that have a chimeric antigen receptor comprising an
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31. The nmethod of claim30, further conprising admnistering to the subject

a geneti I f| ed cytotoxic T |lynphocyte cell prep ein the
R ETL: bR R sEangeE

25 nodi f OXI c T lynphocyte cell preparation co cells
t hat have a Chl meric antigen receptor conprising a extracel | ul ar anti body
vari abl e donai neﬁtﬁh%@lﬂﬁlér@nﬁlﬁlfdytvbﬁabad’lddn%nspa&ﬁa(fdrahaﬁhgbhfakkobxhted ditaelgse or

di sorder and an jntracel |l ul ar nal | n I e of a %l' ie L eptor

3032. The net hoddt§FaS§1H§/d‘69¥€er@f‘dérf rhgelly r%&“ %gxpg?lﬁo hd celhrerdp ?{ associ at ed
with the disease or disorder is a tunor associated cell surface anti gen.
WD 2012/ 129514PCT/ US2012/ 030388 33. The, met hod ,of cl ai m 32 n the
antigen associated % th th@eghod of partasmingiceylardmmugo %’]a@(:’(“ébS JF‘HE‘FY‘H% gr oup

consi sting of ofphafelyiieStakpRRRE aiRGRM AL R IpotitbA &t anklBhief L | - CAM
CD19, and CD20. 534. The method of any one of cl ai ms 26- 31, wherein the

anti gen associ ackimsi-4% t he di sease or disorder is a pathogen specific cell
surface antigen fromthe group consisting of H'V, HCV, I-1BY, CW, and

parasitic antigens. 35. The nethod of claim 34, wherein the CD8+ T
cell and the CD4+ T29.0 cehimethod olﬁmrfprgnmlhd@n IW%@FW%H‘ auplsctdnviaat i body

heavy chain dOIT%I 0o e%; dﬁ?ﬁ‘gﬂd"’h’%ﬂg‘l‘%’ ggﬁl]ggd i %B%%lﬁp%é sibjeeelol surface

anti gen. wherein the
chimeric antmgelthermemmtemf amoutigen esj;o@ddrw?lfh Hl dissnse|oy disprderand adminjstering

preparation wt 5'%6 CBEWS%‘E@%% ag%& otk lbswl?erpelh tHe' ﬁﬁﬁe‘?ﬁ! aﬂﬁ%g réc%{)t%; Ive

response, conve i ncreases’ an anti- tunor ctivity
response in the spgcfiangbindd toahd antigen. cel | . 37. The nethod of any
one of clainms 26-36, wherein the CD4+ T hel per |ynphocyte cell is selected
fromthe group consisting of nave CD4+ T cells, central 20 nenory CD4+ T
cells, effector memgpy CDAmethaaelflpsrf@mitpdelul@iDmuhothetapy in subject hagi®g aThe

nmet hod of claim37, wherein the CD4+T hel per |ynphocyte cell is a nave CD4+
T. 15  disease or disorder comprising:

administering to the subject a genetically modified helper T
lymphocyte cell preparation, wherein the modified helper T lymphocyte cell
preparation comprises CD4+ T cells that have a chimeric antigen receptor
comprising a extracellular antibody variable domain specific for an antigen

20  associated with the disease or disorder and an intracellular signaling module ofa T

cell receptor.

3].  The method of claim 30, further comprising administering to the
subject a genetically modified cytotoxic T lymphocyte cell preparation, wherein the
25  modified cytotoxic T lymphocyte cell preparation comprises CD8+ T cells that have
a chimeric antigen receptor comprising a extracellular antibody variable domain
specific for the antigen associated with the disease or disorder and an intracellular

signaling module of a T cell receptor.

30 32.  The method of any one of claims 26-31, wherein the antigen

associated with the disease or disorder is a tumor associated cell surface antigen.
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33. The method of claim 32, wherein the antigen associated with the
disease or disorder is selected from the group consisting of orphan tyrosine kinase
receptor ROR1, tEGFR, Her2, L1-CAM, CD19, and CD20,

34.  The method of any one of claims 26-31, wherein the antigen
associated with the disease or disorder is a pathogen specific cell surface antigen

from the group consisting of HIV, HCV, HBV, CMV, and parasitic antigens.

35. The method of claim 34, wherein the CD8+ T cell and the CD4+ T
cell are both genetically modified with an antibody heavy chain domain that

specifically binds a pathogen-specific cell surface antigen.

36.  The method of any one of claims 26-35, wherein the chimeric antigen
receptor modified CD4+ T helper lymphocyte cell preparation with a Th1 phenotype
elicits an increased proliferative response, conveys persistence or increases an anti-

tumor reactivity response in the presence of a tumor cell.
37.  The method of any one of claims 26-36, wherein the CD4+ T helper
lymphocyte cell is selected from the group consisting of naive CD4+ T cells, central

memory CD4+ T cells, effector memory CD4+ T cells or bulk CD4+ T cells.

38.  The method of claim 37, wherein the CD4+T helper lymphocyte cell

is a naive CD4+ T.
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