WO 2012/ 024666PCT/ US2011/ 048578 CELLS EXPRESSI NG TH1 CHARACTERI STI CS AND
CYTOLYTI C PROPERTI ES BACKGROUND [ 0001] Therapeutic cancer vaccination is a
type of iwounmtteseapy. | mrunotherapy is a new treat nent poodsbkettip4dshat i s
energing to join chenotherapy, radiation and surgery as a class of drugs
for treatnment of cancer. | mmunotherapy nethods seek to harness the power of
the i nmune systemin order to treat diseases. Therapeutic vaccination is a
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consi st of an antigen source derived fromthe target di sease and an

adj uvant designed to enhance thegdesi&ReyUNfUNe response. In some

t herapeutic vaccine protocols, living Inmune cells, either derived fromthe
host (6@(1dThgapsyticocanteromcaindomoiis § aypeogemena)qthangy.c nponethtsppfis a new
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| ynphogstemsin drdergte tepaadiseases.| yiimohapeyticegadcmationés adyper of inknhhahergey kst (NK
cells). S || hocytes consist of .T-cells and B cells, NK.cells are part
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cel | s (alicgendiay, act @mpomdnto\of th@apeatit vattidedcaubrdoars andChllérenaiodividbirmuliut do
not express CD4. [0QQ03]. T-cells and B-cells are part of the adaptive |immune
r esporfsds- aheh ¥edeadriiic efllioNKsealls and (l-¢rdlasare Blseénwfgmrlégwawahqrmnwmogéhsffor

anti gefl. PYarARLd fedycepr oduction. Different types of T-cells respond to the
non-self antigens 1n different ways. Cytotoxic T-cells (CTL) are
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power ful enzynes including granzyne B and perforin that induce death of

di seasmthuoe sgsiawendydayeinagor rolf0nX@{dp4e66PTR SE0W s 8%T Siralpy iffeaad] T

hel | h i zed by the cel | surf d
Terh, CherJereare Gratiss Byese HEsErorcRiler Tite WRUFEET I MreFRLiE ne

I MUNenl8RREBSAPAtIi MY HdnIhe (MEED)| 8asIT filfae€ whieculek: NEKpedllscat lastivial not
known to di rectFy mediate killing of cells and thus do not nornally contain
cyt oxilespgnnisl exfokingh aad ¢roanssivatiE gelegsgr eXipioRic Frapelep sucl @i | pertpri@ and
subcat i i 2 ; t 1) . I ype
> ThE R f T A8ubl e ¥RER IS Ao dbRE it ddts btk A6 ReLel

i Mun8uifie radrkelrs A+ eidadd 6, ibando wétesxkpass Tha. cel | s nedi ate a hunoral or
anti bag immunity. Thl and Th2 cells are counter-regul atory, increased_ Thl
cells [&m Tresdls1 BB FRYS awr Pyt hdhg iadeptiver igynuneotssBInsa apd ieedgpizss non-self

I Mungh RENRPY- BB HeSna RN SRIBPS LR BS HAVS GBI dRY SR t ped Gef-ck
enhance %’: suppressﬂjt%ﬁer&?%mne rets%ongea |ﬁn agﬁi ents. Cef{%q{lLQPapy mgt]ﬁsods
of ten réswoc!l tnsthgmouisvh? amaganp uh diffavery veays hCastqioTiceBs & Tlongre @thmhetﬁn'n_tdi &t i on
AN of PRI bR LRS! 4 FORb i IS Sndl RPSTusel ekt BRI 2

are mainly responsible for tumor elimination. Moreover, CTLs can specifically recognize tumor
cells and do not attack normal cells of the same tissue. CTLs produce toxic granules that contain
powerful enzymes including gramzyme B and perforin that induce death of diseased or

cancerous cells.



[ 0006] Adoptive inmunot herapy involves renoving | ynphocytes fromthe
patient, boosting their anti-cancer activity ex-vivo, growng the cells to
| ar ge cl iwocaldog4d6el evant nunbers, and then returning tireTaskég/ o878 he
patient: [0007] Initial experinments in adoptive inmunotherapy involved
removi ng | ynphocytes fromthe blood of a patient and growing themin the
presence of the |ynphokine interleukif#2 (1L-2), an imune stimulator. The
cells were then returned to the patient. These | ynphocytes were call ed

| ynphoki ne-activated killer (LAK) cells. [0008] A stronger response agai nst
t unor | S ai n Lng | h es 1solate r opat,he jtsel f.
These [P R PRI B ks BE ik e BRRGF Bi CoiR b Tk o T

I'L-2 aBrbef edilsrpredhict @yloRtheb @f YthePmdldearek tHAa@irbetBE imhARORkpAeirbWéh other
i mrunot herapy is a form of inmunot herapy where ex vivo processed cells are
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receiving interleukin-2 together with LAK cell s prepared through in vitro
act i vaRgdHe 671U BB SR ers gHERhIorBInEBdeTRHE (e cradiatinar ¥hergas Bt ed
by |yf&9ﬂ§ﬁﬁ@fa b Srundel M“érﬁib%h# ¥mnfdni@PPeFLedahhal LR SeMLAREQN Ay,

i nterleukin-2/LAK was nore active thah interleukin-2 alone. IL-27s a

cyt okiimeepeddht edlddowihieghletepBr2 @b hed vicatversest in t he use of adoptive

i mmun py . WO 2012/ 024666PCT/ US2011/ 048578 -3- declined after clinical
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cel |I's ephde Idesdppressaf¥ iMRfuBe 8EfpBRl MEpatiBAR. ItelPthatp)aneth@RA 1 enGdd1vVE £Th)
cells are crucial for the activation and regul ati on” of nost aspects of the
host défensapegaimsuch af gelifeoriwnadidfefantiateieepddereactivatesm diredsf ansythotiorsfer CDS+
| ynphocyt es L). h gf the research in tunor imunol ogy has been
focuseog¥lbe eﬁéﬂ?élpﬁggnggéﬁ}eﬁpﬁg aut ol ogous tunor-specific T cells that are
pr edofoe0E) A dpp &8 tmandodafpheinsiotat@dofin ® ny@r?h@ymafraﬂﬁdth&opmieﬁt, heyostinkmor s.
These cells can be expanded in vitro and reinfused. This type of adoptive
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survi i: t ose disease is refractory to other

i nt eré%h{dll%glg@gv%ﬁ%eth?ﬁ&et?egwins an extensive clinical experience using CD8+
cyt ot ¢8007] Tnidell dxpedmead dphdojeive imunabtherapy invgdogl realovingdgnphespans@s the
underscore the need to inprqove these therapies in order to achieyve tunor
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of CD4+ T cell help. In vitro, CD8+ cells release large quantities of

i nt er flenplmkyne-ddeNate)l kilpoLaKposlls:e t o MHC-conpati ble cell |ines and |yse
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i nherently unreliable targets for + Cytolytic T cells. Furthernore, CD8+
T cel lagd apypwad tq Belbadk ta deack thertbmei.c ability to orchestrate a broad

antit re nse that, seens ipherent in sone + T cell subsets. [0012]
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has proven to be difficult and elusive. CD4+ cells, especially of the Thi
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nat ur atdeyving duterlenign2unagetlepewith i CARDA¢IIC glrémaredl hieroggineini eitch vetiwitioy of t he

class Il HLA associated with CD4+ hel per cells jn. an i ven popul atjon of
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cyt ol yhh&rdditat &le) comtfiltlod: of MRtekRGkih BRNA KF Wwg@kiopN a@fve @Rt AREFeRN2 T{JRs. nore
e

pr obl tic. Moreover, CD4+ T-cells expand in vitro less well than CD8+
cel | s Ibsdistaheytakuhe producainieli Thbhslpsi galisf Intearndtliy tieef fiseatt adhptive immunotherapy

characteristics. Finally, there is a paucity of realistic aninal



WD 2012/ 024666PCT/ US2011/ 048578 -4- nodel s based on tunor-specific CD4+
cells. These factors have limted translational research using CD4+ T cells
and |i m two 20teai2u6661 | ni cal use. [0013] This invention diPpstluss@s/osssnet hod
for producing clinically-relevant nunbers of CD4+ cells that also contain
the cytolytic granules granzyme B and perforin and function both as Thl
cells (produce | FN-ganmma and not |L-4)3-and have NK-like activity (recognize
and kill tunmor cells and not nornmal cells) for use in therapeutic cancer
vacci ne and adoptive i mmune cell therapy protocols. SUMVARY [ 0014]
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prom se as a new m ni ma toxi ¢ approac or treatnent of cancer
proni$eﬂownthSHapmyﬂ@ﬁhﬁﬁ&avb&ﬂnIﬁénnmmirated in ani mal nodel s, but |t has
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the treatment of asynptomatic or mninally syrnptomatic netasta |c castrate
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to devel o ed,. cel | ther ni.cal | i cation 0015
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animals, we instead concentrated on translating an anti-tunor inmune
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stemcells (Barrett and Childs 2000; Childs 2000; Resnick, Shapira et al.
2005) Undpipestie dhfaneadyto inugE: thete dreraiessinapidentq é?hl@@cwﬁﬁs@aﬂ%y i Riehi c
graft- YREGMSed ﬁﬁtgh§ease (GWHD) toxicity. Chronic GVHD is associated with
S|gn|#1cant nmor dlty and is the | eading cause for late nortality after

al | OgQﬁﬁl@ G‘Mﬁtyﬁ@hb@tt@caﬁtfemmﬁ alaintdin émmmloaaﬂit&t inovivq rekrgelbaei ecedsealf .the
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GVT efcdlasi-podifiye @nwes. aweler, tﬂ@@@)enc Bystamlatlyyof itmgort ¢edls Krequentiyniradyego dedesat ed
in the ability to process and present endogenous antigens rendering tumors inherently unreliable
targets for CD8+ cytolytic T cells. Furthermore, CD8+ T cells appear to lack the intrinsic ability
to orchestrate a broad antitumor response that seems inherent in some CD4+ T cell subsets.
[0012] While immunotherapies with adoptive transfer of CTL have demonstrated promise in
many animal models, the translation of these results to humans has proven to be difficult and
elusive. CD4+ cells, especially of the Thl subtype, would be an attractive addition to the
available immunotherapy armamentarium to provide natural "help" to adoptively transferred
CD8+ killer cells. However, there are significant barriers in working with naturally occurring
tumor-specific CD4+ cells. The genetic diversity of the class II HLA associated with CD4+
helper cells in any given population of patients is much more complex than in the case of class I
HLA found in CD8+ cytolytic (killer) T-cells, making identification of epitopes and TCRs more

problematic. Moreover, CD4+ T-cells expand in vitro less well than CD8+ cells and the culture

conditions significantly affect their characteristics. Finally, there is a paucity of realistic animal



WO 2012/ 024666PCT/ US2011/ 048578 -5- nechanisns of the inter-related GVT and
GVHD effects, it was hypothesized that it m ght be possible to devel op an
al | ogeneiwoceidazkas | mmunot her apy that instead of separ &Cirng2a4ihe483v8/ GVHD
effects would nmaintain the interrelationship of the i mune nmechani sns by
reversing the direction of the effects fromgraft-to-host to host-to-graft
(Har-Noy and Sl avin 2008). Successful-4eversal of the direction of the
effects would result in a host vs. tunmor (HVT) effect coupled to a
non-toxic host vs. graft (HVG rejection effect. [0017] It was hypothesized
that i Y, \% h t
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fferentiated all ogeneit | s only when the Thl cells were activated
and aetnilsn(p;t)@medFaft gmhednd mloaHL149 @ﬁ)$/11am NKCDRS actoatye@eanzoizob@ddsll tumor
Addi ti o

]E % ies in ca%ed t hat .t hese aIIo enei ¢ CD3 C(g)é% crossllneﬁp Thl
cel | s “hat *Bot"A Pﬂ%ﬂo et ldﬁﬁylne?lF%a@F%“C el rblV &G 8% FAEHTNG 'S8 Nt

dom naﬁgraﬂgggrotdgmnl ty to dominant Thl immunity; and, adjuvant effects for
pronoting vel opment of Thl-specific imunity and dysregul ation of tunor

i mmuno avoi dance nechani sns (Har-l\‘iis}/Ml\@éRXa et al. 2009). In view of these
dat a, rsi of _Thl aIIo rafts |nvest ate r the possibility
o ¢ 1 QR EHFF Beflondit st aP Bk AT Ry AN UFRRTEd flopife FRar her o
si gni fhiaandllyr egu app:rba/chaﬂﬁl ﬂr@gnsﬁtl @fabarﬁelﬂCﬁﬂlBSpraﬁﬁ&CbiaHﬁﬂ appioic hes B¥ervi Vo
differentiation and expansion of allogeneic Thl cells that were necessary
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functional characteristics for classification as a humah "bi ol ogi cal drug.
Upon chpliativeri zati on of the resulting allograft cells, the human

pr oduct. rocess resulted ip .a unex d findi ng The al ThI
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with WO 2012/ 024666PCT/ US2011/ 048578 -6- a conbi nat i on of Thl and NK-1ike
act i viomyranslaging @fuéntaﬁmnqrsmmnede@@am@e@lrﬁndmmm topsiliss digniiticapt eliniem antfhe
met ho cu i nventi.on inval v e Vivo cul tur rified,
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cells of IFN-gamma and <50pg/ 106 cell's of IL-4 p enotype) and express

cyt ol ywpplecagrantithesi 6T ngachandyme B and perforin and exhibit NK-like activity
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DESCRI
because the effects are interrelated and proportional, in that manipulations that inhibit GVHD

also decrease the GVT effect (Li, Giver et al. 2009). By analyzing the known immune-mediated



[0019] Fig. 1A and Fig. 1B are flow cytonetry plots from i munostai ni ng of
CD4 surface antigen denonstrating the cell phenotype before and after CD4+
sel ect i onwonespeedssvel y. [0020] Fig. 2A is a series of PCowsSeymonssrsy pl ots
denonstrating the phenotype of source cells having as resting CD4 nave
(CD4, CD45RA) cells. [0021] Fig. 2Bis a series of flow cytonetry plots
denonstrating the change in phenotype-3after culture to activated CD4 nenory
cells (CD4, CD45R0O and CD25). [0022] Fig. 3 is a flow cytonetry pl ot
denonstrating the shift in CD62L expression fromhigh to | ow i nCAC before

act i Vqﬁécﬂgmﬁﬂg ogt:}% i%tetr%51a%8tdé¥zg_a!nggﬁ]Yfg]@p@%tghg%é%&ﬁ:es?{eg tHlltOtt ?nlglflt lBJ'e

CD4O0L expression pattern | respecti

denongbssble ng ldamiqamd akogeneiss tdulaf irmaﬂnhénapy‘,FtBat 30:24) oFlsgpar&mgs tlee

gr aph ct k||||n assay. and sho B can kjll cellsfromthe

t unor C?%T}quﬁlﬁ ctfogigmpyoul 0‘%913 fairgithe I an ol ?hee%%%f‘s.%% BYSEP iz yme
B by %@rmﬁgqgﬁﬁhlr@ti@n (ﬁﬁhb%fﬁct@lf%moéraﬁ)f@'hgsststb%spto éi\"aﬂ 21%&@«? de %51n i
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[0017] It was hypothesized that intentionally mis-matched, activated, allogeneic Thl cells that
expressed high density CD40L and produced high amounts of interferon (IFN)-y would be
capable of eliciting coupled HVT/HVG effects. This hypothesis was tested in an animal model
of chemotherapy-refractory B-cell leukemia/lymphoma (Har-Noy, Zeira et al. 2008). These
studies demonstrated that significant HVT/HVG activity could be elicited by ex-vivo
differentiated allogeneic Thl cells only when the Thl cells were activated and administered
attached to anti-CD3/anti-CD28-coated microbeads. Additional studies indicated that these
allogeneic CD3/CD28-crosslinked Thl cells had both immunomodulatory effects, capable of
switching systemic dominant Th2 immunity to dominant Th1 immunity; and, adjuvant effects for
promoting development of Thl-specific immunity and dysregulation of tumor immunoavoidance
mechanisms (Har-Noy, Zeira et al. 2009). In view of these data, human version of Thl
allografts were investigated for the possibility of translating this experimental approach to the
clinic.

[0018] There were significant regulatory and logistical concerns associated with the ex vivo
differentiation and expansion of allogeneic Thl cells that were necessary to be overcome in order
to use these cells for human clinical investigations. One such issue was that the mouse version
of allogeneic Th1 cells required the use of exogeneous cytokines, IL-2, [L.-12 and anti-IL-4 mAb
to cause the ex-vivo differentiation of mouse Thl cells. The current invention discloses the
successful development of a GMP-compliant process for the production of human allogeneic
Thl cells without the use of exogenous cytokines resulting in consistent batch-to-batch identity
and functional characteristics for classification as a human biological drug.  Upon
characterization of the resulting allograft cells, the human production process resulted in a
unexpected finding. The allogeneic Thl cells generated by the methods described herein not

only developed Th1 characteristics, but also developed NK-like characteristics. An allograft with



DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [ 0029] Thi s di scl osure
relates to conpositions that include cells with unique characteristics. The
conposi t iwo 20ral2udes cells of a cell type having bot h TiRCThskpenssses |
properties and cytolytic granules and NK activity. CD4+ T-cells with the
conbi nati on of Thl characteristics and NK characteristics can provide
substanti al therapeutic capabilities for patients having a variety of

di seases. Thl characteristics can include, for exanple, production of

| FN-gamma wi t hout production of IL-4. NK characteristics can include
killing r | bd gl f
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T-cel 'réspfeétﬁ%l;ﬁ)hqhgeée'llg hee %ctlbétQ&’QnﬁﬁBBt ﬁl%s SO GeshoBllizEa Ceil Sp3hRg T LPA+

T-cells'can be differentiated and anded according to the nethods
descr in&bls hethei abse¢nwe adfi exiogeriduy -ayatkencanTha getire expaad 2 SukBedfofd nftemPrdmpt et apy .

S isingly, th + T- | ing to thes

oxhy b e g, RS RO e PR BEnasdt: B et rul BpdRerat e

f ound 1igRid\Kitfokbn a8} lyeardNdwalef One@¥éd Bbit pdtitnt Cahﬁﬁﬁ@tfrﬁfdns tthe prexfbop Celly lakey -

[ 0031] Gener al'ly, T-hel per cells do noF directly exhi bi t cytolytic activity

but predhbeted dot gk with LLANEDRBHaAbcaated mictobgadst ing] thisi fnnaéﬂhemwbemcbrs thauch
as NK (r:eeclulrsso aﬁr;ﬁjs fg;[cher cﬁl%eren gttel y E:cereé)sle Cl)<(|1|' !SSI%IIPe eb%gﬁ an II(I:CeI'élsg CX re IOII f-

T- cel TSRl he presen corrp05| ® PeASTE SAPEI VL HeHi°s €58 ePls as
wel | @modn&@m oKiheendl IS4+, nubasrROet h}IMO(Lé‘l IcDEICh caszﬂ\iKc@leﬂ bfodtl&tat

t hen carrépout the cytolytic activity. The cyt ontlc activity of these CD4+

T-cel P40P %Hh.%ﬂléd)ftlﬁ%gﬁgﬁme a7l 0asellp af ﬂ%ﬂﬂ@sﬁhﬁtﬂpﬁ@e And §EPIEFY | i ng
f th

per ei oY AR RGP ELEAGER o bSSTR af bk nCREE okl Bl SERE ©

cells lp@re tmebtcdlisraednoumﬂmy. interact with the target cells. Direct

Killi by t f d the t t |1
and wi thout the prevenBRIEF i) pRio N rHERBWREES s "The novel cel I
type qee@iired A Andhse, p[ﬁs‘ﬁ@tﬂdv@\@ﬂﬁﬂe@[@/ Mots! B8 fneth&Rdseahihe JrarBl 'l'u?ﬁce

Thl/ki'ller cells. The Thl/killer Cells can exhibit a conbihation of Thl
char aehegdnsdenpastriding thﬂgelbphetnumpc bekird gndaafter @4+rmter¢abn,aespestl‘ec|hyj expr essi on

w0 20107 Yiss Bach it Br RRcSHoRalS uch AR RErar o s, B Bips e SHERE R0

cells haemgeg egsﬁﬁgicm lhwee(m)zr @]ﬁisgs\)tc@uwf ficient nunber of the Thl/Ki I I er
cells to elicit an anti-tunor effect either directly or indirectly. The

nurbel0QA1] Tig. /28 is|aeserige of Elowdenteinste pkads dapeisaptiye the dangehsphenotype @ger
cel | S r n and nore preferable at
| east ‘4 outg awa e&?Dhﬁb ?élsj(ﬁﬂ ﬁhmgkg)anng %%se Doses with greater

anount0e®2] ¢ed. |3SIS arﬂwa&ﬁ@mw@ plot dethenSLORE tef Shﬁﬂﬂﬁl CDéentekpridssidit gbertagh yo
sufficient _amount of cells are produced froma single blood donor to

pr oduce” éodigipetrss agivegen aad CFBIadcpartivaiies. Cinical ly rel evant nunbers
inclu h e n f to 10
R R e A L U S L SRS e
of theegpeetsem démmamshrbtiigninc@nsedexaasiion sf EDGALtimC&Bpat i ent having a variety

i scadBEdbis o et obiic oFauCerS rindonp KT B e PR Gaemor

Di seaggdigel ARay be infected with viruses and/or bacterial pathogens. The
conpositions may be administered to patients with solid tunors such as
br eas 0@ &eg. 0A innglaafceprestal o Grangee B bstGAkich cancer, pancreatic cancer

and t ons nlsteredto patients with
hemat Eﬁ@é’ﬁﬁﬁ 6#&? F@ﬁgﬁ e’é%res(sémb%%ﬁ?%ﬂ? g%}’mocyti c Leukem a, Miultiple
Myel o927 1Fik. BONs biQegite vt 8 vt 8RR Shovahe Mbteadon difrRefoliaus C#isseases (e. g.,
hepatitis B or C,  herpes, H V) and other disorders. 0036 The conposition

descr i[0028] iég. diina iggaphiof geiedin-Sramgyme K activdty with pnd vishews &6 TAhat >70% of t he
cells are viable as determ ned by appropriate assay techni ques such as
trypan bl ue extrusion, MIT or biolum nescent detection of the ATP | evels
such that the cells are capable of ex vivo manipul ati ons such as expansi on,
differentiation, and/or activation under appropriate conditions. The
conposi tions, however, may include sone inactivated cells, radiated cells
and/ or non-vi able cells and non-1living conponents. [0037] The conposition
generally includes CD4+ cells first derived, for exanple, fromblood of a
donor The donor can be mnthout dlsease or nornal. The CD4+ ceIIs may be

S o M o,



[ 0038] The CD4+ source cells are preferably purified fromthe peripheral

bl ood. The C4 cells can be purified in a variety of ways. Cenerally, the
CD4+ cel Iwoane/quashfi ed fromthe buffy coat of peri pher @CThiSoad/oss7oositi ve
sel ection. Positive selection of the CD4+ from buffy coat can be perforned,
for exanple, by using magnetic beads and col unms obtained from M I tenyi

Bi ot ec WD 2012/ 024666PCT/ US2011/ 048578--9- (Auburn, CA). This can result in
a cell conposition that is greater than about 90 percent, preferably
greater than about 95 percent, and nore preferably greater than about 98

t he buff t
B Pt LA PRI R SR Pre PSR he bully cos

char ad0@29] 7ad bigcle sme afslsate@ noodonapasitivberthaf inckelde cslls fwdde uniguk ehscactEhigtics.

popul on of .CD4+ ur|f| d fromthe b coat of the per.ipheral
bl ood%ﬁrﬁ’oﬂ‘a%‘tlan H%C Jat &tqe ﬁymha@t%gm %Mﬂ@%ﬁl lgsprertigypndeyp Jytic
T- ceI 'g%an%ﬁe% a%%nﬁf(aééu%lt?réﬁgmﬁ%&ﬁé YithRe combaBb e oRlhY ik RPUFiGEafDAK
cells™are nostly nave (express CD45RA and not CD45R0). Source CD4+ T-cells

can alcbarapterigical aaatprdviflosulgbeRial d)cparp@sm capabidieCHaOpatgnty basngn. vaGeneol | y,

t he source S _express ry .l ow ampunts .of. CD4 ressi.on of
o2t 0 T bicHOREITE R G TR o Orm ek B Seist of TR oYy

peak. pRuHcES) GPf-4C eNKscHarRi@kad yanhia¥Rida kNligd oEifdér &XIRMRS bPRernlHR4] The
source CD4+ T-cells can be processed to differentiate into Thli/killer cells

by rrullltﬂlhpllne eanlteﬁfvm vidarageepe B anderdpabl y the CD4+ cells are activated every
three s are pr I act vatedth ugh

cr oos PP TS brsfeReniR ERBu e s A&l P <28 i BRH AN SLMARoh g B Cog

and Clid8elcadll hgpeats efiplcaBhedehint angibegs fermaddptive eﬁnﬁﬁﬁdﬂ%ﬁnd\/lamas for
nonocl onal antibodies. CGenerally, the Thli/killer cells are obtained b

di f f erdgHYingt ihennovish cellp&AsiiBefuds isakating hraellp-especifiral i Pip1 Trodks fips dke cpa+
cells t f c r ndp r i d

it rogEiPnep BBGY F itk LRIEeL 0P B, Jthidd CoBRC LR A be Ffeldhecd BT,
final ekpaeled hbmrdiap ity dtei methadpediscriilsed| }&fretma@smncﬂtyerilamahtmadﬂ&rs:md ssed Toe

cells with the i vat.i tached is for Iate |nadV|ce such as
a syr iﬂﬁlaém()@wsra&)a ‘EP?SPQM&%?]%‘HF (i%Pr@BfﬂfF%ﬁCC BE it deomethads caecxhifit o n
refer Ty io‘i’%/d?:o&éiwﬁ fk‘i'ﬁlﬂgr of tHeh@yt&%h a%H{‘flftya%@néﬁlh}g@éﬂnﬁsmbNI@@?ﬂtc%ll§ Uph Ao
nmonocl onal anti bodi es and cross-1inking of these agents by cross-1inking

agent sxhibiiThltoppeacefistastand activofy. i s, for exanple, described in U S. Patent
orated

hor o 1003 RighedS ErSinso iR e Mg 1S é@ﬁf@ﬁ?ﬁ%%ﬁaﬁh o0 p BT CHOERN ot o

of wawsid iotel Wskithlg that thdieeltsCotBér deMIRIEH hZRE $PRQGH @Els @Nhidiedicas Iepekd fic
for T-cell surface nolecules. Suitable activated T-cells are, for exanple,

descr idisgasedirells. STheeDémtT-pells in taapresan COH@@SI@@HSI agn p‘hréﬂésr kil e ﬁm@seé &Flls
sur f age IR} &1 b g8, @ofhe, Roundlby JRnoghonaly, anioedi.en,Oh-aLAgL Bl il ng

agents i eross-| nmonoc ant i /or

bi ndi rRgtodgRMcsivay.eThE eytelyablaytidtyosSthéde B4 DycellVE mediated through Granzyme B
2012/ 024666PCT/ US2011/ 048578 -10- an agent, for exarrpl e, immobilized on a
sol i d 28¢PeaiEn resulgng &t the dillipg Pffﬁl@éum%omn@éteﬂé:e fhese are referred to

her e gg(zsr?] ?%&Al?tl@%ti\)f@’t fsdreT &1“ érgm( @s tOT &R kﬁﬁn%’_'bgoc& 6%@?%)?@61% can

be fr uture use or for rru ate usi on r exanpl e,
may beargét tquot edlsamrcteflrlmzenvham thélﬁlr@@ﬁctphdséleaﬁrght cpllis d Dhketct kigléne ¢aandcsur The

O 1S Rl 2. IR Al T os BSOS ohiiA o8, et ol
tests (@8 established to assure sterility and endotoxin-free status.
[0033] The novel cell type described in the present invention will be referred to herein as
Thl/killer cells. The Thl/killer cells can exhibit a combination of Thl characteristics, killing of
tumor cells and not normal cells and expression of NK activity through a mechanism of

Granzyme B and perforin expression.



[0042] In one exenplary enbodi ment, the CD4+ T-cells are cultured for 9
days in the presence of CD3/CD28 CinEx Vivo Dynal Beads obtained from

I nvi t rogewo 2Cervd2edsad, CA. The cells are grown in Life CeClr/usk@siogssiBaxt er
Scientific, Deerfield, IL) at 37C and 5% CO2 and re-stinmulated with the
beads at days 3 and 6 of culture. After 9 days in culture, the beads can be
renoved and the cells can be referred-&o as CAC. O her nethods of culturing
cells for activation are also within the scope of the invention. [0043] In
preferred enbodi nents, the ex vivo prepared CAC are stored frozen until
neede i j L Nl | o] - Pri Ml Lon to
tho. patd S PRI DbIBRh BaKERb 0010k RIARL BORRn TEARK QAR g e
nut ri eind Thedtilker ylle o sleik iankinniguoior teffectcaltter slineéthe er badicictig T atunbsr sfuch

as d CD28 as described, for example jn U S. Patent No. 7,402,431. The
mc%@il%weﬁm et g5l hon o ast&r’béé-qeﬁﬁmrﬁfgr%@@%&%%ﬂ ¢an't REROBR
vashed 3o bh@AREEpAdN afiAANLBN T & 1Y Fulbh{dlec Rl BfgR dodl ML AL

buffer. The reactivated cells in fornmulation buffer are Feferred to herein
as celgretdranfoonned ctls are dbiof wighin {iEF8ppe OFBe nementdis Préferabbf erffigdnttamdvat ef n as
Thl/kill]er cells. B and Thi/killer cells may be used interchangeabl

ner ef <11 BARPOSisd TP K PREr e (8ha madRRREteh rosess P TRgAr S POeR

sui t alghmiGaptraletaft udberstindngd efduel cks forRPldatt ik faaeg, flotEprefdratipesias The
Thli/killer cells can then be adm nistered to the patient for therapeutic
pur poses0 pFtmntsTHId/ Re4t peaterallylfor oregy 10@ patdmitni st er ed i ntravenously,

intra i eal ly, .i.ntradermally or Dby. other, suitable thods. Thl/Kkiller
ol | o 10033 0 Xetp iDL BF BBt P s O v MRS TRD o PR el d £
Cel | s vaaeryhs diwared edlBAThE paticheRan by @BimaAl hlu@as or akedtmabd@alcelTHe disdased ,

preferably at about 107 cells per m _or higher. In sone enbodinents, the
cel | s SRBYCHebs eaneeions sellaer eelladirm dnfeged sipoigt Risersedrells pay bgiinfsetediver .

The s L £ . i f . ¥ 1) . ific
ise ok DIFFRERITRIRIRR B oho TPk i S80Sl ThARa B BB ke
[ 0045]turhbe soolmpobrehstaandmyluak sandencdolidecaceal Rtoarachicandehepancento narts and
addition to t Thi/killer cells. These conponents can inc|lude, for
exanpl® 1hGent 5N% £QMPRRIIARSI Y s el SIPHILHED gl iPRBEN B eI abFBHOLEPk. | n
one exeiMhaideseMOd IR ic ItyASHHOOMROS Elikedila CRIUIIMNE ! MFEoREEARS doRaliodBRidY ai n
the T-cells in gﬁgéctivate state such as’DynaggadSQCIinExVivoTn1&g%Cribed
bel owlymphdreasiranipdl esfecti@B4gate fegahépatitis BeordalhepearldlWraad otter dedrdecs.

non- n jtive buffer that .js ropr.i at e f i. nfusi an. i nt o atient.. The
cel 1 o 10830195 crmpoghion dfribgs RERMIR IS bfle Hyulivesi D it Phof PoReiiiheer
as refcend e +igblb ek QictrmifedaBly apptBsriaé a@ﬁ‘jﬁt@chnﬁl?ﬂeg RhctPhs @yP@i bluetkitdhsionat

| acks t he appropriate conponents to support cellul ar EI’Oerl’atl on and/ or

. . p .
expansVI&h. orthelupaiesenit detertien pltheeN TP devedy stichythafrthe jcslbt aigi eapalblspfgrativd e,
pyr og n-fruefae[

. .and _contai n_ the ropri ate ¢o nents and/aor bufferir ystem
Vo, marnr i P Suao bling IE AEREARGR, &R0 RE ol BfRAL™ T
an exdmglcampositbg howsier, e intQtenuineiihichi®ated CE&Y, ridsated Earsmnldah non-vibid er
that is_Plasnmal yte A (Baxter Scientific, Deerfield, IL) with 1% human serum
al bunicAlls PdbEs!SERS cCBEPPIERtiNCi sco, California) [0047] In enbodinents with

Thi / ki ' [ I . . [ '
I[?.(?aﬁg e'][slf‘elséoglrpotsirﬁ%n %g%éﬂﬁ% H‘Q'ﬂld%k B SeelOFirdt B@m%&i, Eirfe?(é@pgahﬂhﬁlg&g £ven

when t e transferred to the non-nutritive . For exanple, in
enbodianmbs THeedanot ken belwithoat disexstioratoadaloyhe (d34+ keliskinag behpeoasidd iaur f ace
bi nding noietjes, the cross-linking is_.preferably maintajned in the

non- ndRHIET eleniitedhereih @i e b {umies fr H%f{iaomﬂﬁééhq TeGegOHA g Sdihge
may berehteldi&Plecipent.€storing the functional characteristics of the

conposition after renmoval from storage. [0048] The Thl/killer cells in the
conpod0838) The &4 $uniet cedls noy prefarabtyipnaticd firoof theyeciphayalabloehafhwctlod icslls cs.
These functiops,include Thl characteristi and.cytol ytic .functions that
are.sich PaPu e iy BhyaRrra i tid EP4ERRhEHs Dbaf b g oA

| FN- g gtiegha ] byl faRtderlivn. dPHEi N eSfRRE 116 oNthel D4+ RHRABIEEY At can be
Preferably, the IL-4 production is bel ow 50pg/ 106 cells and | FN-gamma

pr odudeifermegk dert erammabylo0ohgagosiccldads and golwgins Abginddofiam ¥ilirayi Brriec
characteristics of the Thi/killer cells can include for exanple, expression
of functional nolecules such as CD4Q0L, FasL, perform and granzyneB,
co-stimul atory nol ecul es 4-1BBL, CD28, CTLA4, and TNF-rel ated
activation-induced cytokine (TRANCE), TWEAK, PD-1, B7 famly, adhesion

nol ecul es such as the integrins, the cadherins, and the selectins and
secretion of a variety of cytokines and chenoki nes and expressi on of




WO 2012/ 024666PCT/ US2011/ 048578 -12- receptors for these cytokines and
chenoki nes. The Thl/killer cells can produce and secrete | arge anounts of
cyt oki neswOThe/yde6ki nes produced can be, for exanple, PERUS201GWHSH and
TNF-cc, with only residual 1L4 secretion [0050] The Thl/killer cells
descri bed herein can also exhibit cytolytic activity. The cytolytic
activity is simlar to the characteriskics of CTL/NK cells. Generally, the
cytolytic activity of CTL/NK cells, as well as the Thli/killer cells, is
specific for tunor or diseased cells but not normal cells. In other words,

the TGA{lléﬁﬁl' earcerhs Ganelilit n 4 & %ag b &ildn® t}B{JH @I%tate %ﬂ?hb&ﬁ‘#ospermﬁ

cytolytic activity can occur through a vari et an| 113 he“cytol ytic
act i viprefeadly geaer thafi abouﬂ@érpﬁfcent 'rahnt ﬁ@gdﬂpfte[‘@a@y@rmmhe&%nf 28 percere@lngani sm
The c;&@oﬁLytic activity may lead to destruction of the cells by cytolysis or
apopt ethie cytolytic activity of the Thl/killer cells can be bl ocked by

EGTA. 66493 AL ‘@408 QFis LA rfm BROMIRLEMe 2h@ s &K A Rufoe_HRRrHEEF ?ﬁﬁiﬁcﬁé}?
cytolytic activity of the activated Thl cells. [0051] Thl/killer cells of

t he proédbnikillancehs canbadnratgized by tehprennde olih @smBeavizgehtesuBaen thalery. oFha.

Granzyne B.and rfor n_ar ner al not e essed i + T-cells

whot rappuzyan 8 OBl 3 aBl e OB By by o G I SR Blter D ooy ke b tivere

l'i ke. pbp@laBsP WAtCIOL5 1K AMBATRD BoaiRéls PeThOIAmy- m-¢dng A6tdeviatayl phBdorgidhhsy can
vary. nerally, the amount of Granzyne B and Peforin expressed is

suf fi éilahir t Frefesbhoyhediseege edDéel dedls {ro0BRjtly majyeefeapresd Cél%ﬂﬂfﬁmqit g0t t he
prese ntign in es ¢ ositions. ¢ cl Thi / ki |
These@%% | egourc l]jﬁgaﬁ | friac t vf@f e eaevvagl%a:tee it (?BE %Iﬁé"ﬁ‘ PIE& i 178 aflnﬁ[glgjl hg

t he meebesdAot. UNGendaeily, {hene@rw@Dzas PRHK/ eﬁ@lebss verkhéow n@;ﬁéuﬂts’itdfOGDQf)LI he
di seased cells can be th gh a nechani sm sensitive to EGTA. The effector

cel | ErRresripn 1of CREL en bzeoa anqsist (gh pngt hq@elag%éuﬂewwmr intgnsity AMEDapsK. The
ef f ect :9, preferably at least 1:5
and rms(r?)grctﬁ;te %rrgllﬁ‘iS ?atllaP%gisaivgf%@ ?@8@%]3&15'}%@ pr esent invention includes a
met hod 004y Tttiesstonr;yi ﬁ@4di SeaBedandld procddved db sdiffsedtiate] ingo Tam/kilkeri ¢ella by
patient. The atl ent ve cancer tal n infec

ti ssudigtiglerigh Yﬁwéﬁqpan%ﬁﬁf%aa%\fprh& Si%élg‘g%%@eaﬁfw%@eﬁ%é 1ge S8y e} u#ms or
hemat aheed epl- |1l RAEKrably) §ctf§%¥eﬁqgr0%§ﬁ‘ chdi¢] |11‘ﬂﬁ§1g§ﬁ B SAETDIE el ul¥Bice
patient a conposition that includes the Thl/killér cells described herein.

The Thhelkduldse Crostlinkirgr & @Pafapd ABD3B edr brgecrt@nrqolnshﬁd bie agiding emimobilired anti-

he. aShelt: CLR8 Py o SHONUSa TRBF tul ( pf b HORDRE 8l COMBIRLG™Y ht o
a t herggf@ihtifion QAW eRPdnkidN in BEIREBHAR! Yhe h@ipl YR (RA%d/O34668RGH bERALHQAB578

-13- histoconpatibility m smatch between the patient and allogeneic cells
i s meotiom tedge lwﬁwemnétsm@fhﬁazqnbmlhqmd DEpgRe Rriohte gshminishetiemp 4 pasient, the

a:c :c Ogenﬁs freCs hvgtec(f aq“ma? tﬁl?l %Qtagg vl n% ag%nt %tleflt asdoct a!tledt wrcﬁl ehd gelfg.e% %glls

Wlth the activating agent attached is formulated in a device, such as a syringe, suitable for
infusion or injection.  “Activation” as used herein refers to both binding of the cell surface
molecules by agents such as monoclonal antibodies and cross-linking of these agents by cross-
linking agents. This type of activation is, for example, described in U.S. Patent No. 7,435,592
and U.S. Patent No. 7,402,431, both of which are incorporated herein by reference.

[0041] The CD4+ T-cells may be activated in a variety of ways including by the use of
immobilized monoclonal antibodies specific for T-cell surface molecules. Suitable activated T-
cells are, for example, described in U.S. Patent No. 7,435,592. The cells preferably have cell
surface moieties that are bound by monoclonal antibodies or other binding agents that are then

cross-linked. These monoclonal antibodies and/or binding agents are preferably cross-linked by



[0054] The Thl/killer cells can be adm nistered to the patient by a variety
of routes including intradermally, intravenously, intraperitoneally and the
i ke. Thewpavixnsesray be adm ni stered one dose or mul ti pCe/utosiesn485The
nunber of cells admnistered to the patient can vary and may depend on the
specific disease, the patient, the nethod of activation and other factors.
Cenerally, the patient is adm nistered0at |east 107 of activated Thl cells,
preferably at | east 108 and nore preferably at |east about 109 cells.

[ 0055] The present invention also includes a nethod of treating a patient
by adni.ni,st.efi 0 111 t - S 1. ) T | ent
may r naEe el QR B MRAT @ D id YRl ord P s, TPerRRhe 1O
f r equedfesredfo idieindosds wanmatedinycidnce &NCHePend eonvd pepapddCACcadbséagsen | n

preferred enbodi nents, the Thl/killer cells are allogeneic to t pat | ent
and adf ﬂfug% Pt ?rcfﬁrrsvla&eﬁgorﬁﬁf%mnr T GG %r FHRHE PaY Peeﬂfqlﬁomggfr%e%gt

versu f : j f 1 graft
ver Susn MEPP L BCLPLONRE B LRCOUS Ahabl LR POl L

pur chalstoed WontitBewk rfamctCoall tekmase Biteag aCAescribedbelneg- Aot procasy end fibal( qralAD)

(1000x s purchased.from Cayman..Chem cal Co.. Ann Arbor, M. PlasmaLyte A
s pePer S Tel i R B P e SR toGl-freé TR iommn ser um a bar n
(HSA) [veg2] By bedastblifyMbMakassothe (334 FLaNs afCaultuted fof Ordiyain Efé?r&ieﬁ@@ ng

I nhi bitor was purchaséd from eBi osci ence, San Di ego, CA Dynabeads

0 i nEVCRMEDAA £ inkix Vias Eynf Beads iainesgeom I0dtpstiaariend, (05T cells are

Preparat i on_qf. S tivated &n |ty e ) T o= cell e cultured
for 9% a‘% i ﬁ“l{ehe e%)lrlélé\sgkr?c 0 er(ﬁ%ﬁ?’%fg%e%% {%)\?%%4 E;y-nﬁafm%esz/(ojs ofbtarell(%11 ned

from Isamiulat@D@ith thd Beab ia0B)ys TR 6 @if Icaltiver eAfdrOMIayishin lcuftére Calel bebd isdtSbe
(Baxter) at 370C and 5% CO2 and re-stinulated with the beads at days.3 and
6 of deinPYRdendAbe eqllsgap hy sefpredinasfraC. Heerpaeibedscof wuburinerfdl dor agtiyatitiese

cells a?erdgiﬁg%@z{ rtﬁgséo(ﬁgl%?thgﬁ‘%en[tigg.&g] Preparation of Cells in Fornulation

Buf f er wer e aced into cRPM nedia for washing. Tinme was recorded
t 0 | NdO@GE] én plederbeigémbodigend, theexfdvarpilepiied i AC atostoted fférvenamkil aed¢ded c&RPM

medi a were centrifuged, the supernatant .renoved and .t he cel| resuspended
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concentration of live cells were used to determ ne the percentage of viable
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to a non-nutritive buffer such as a formulation buffer. The reactivated cells in formulation buffer
are referred to herein as cells in formulation buffer (CFB). CFB may also be referred to herein
as Th1/killer cells. CFB and Thl/killer cells may be used interchangeably herein.
[0044] The Thl/killer cells can be packed in a syringe or other suitable containers and
transferred to a point of care site, if needed. The Thl/killer cells can then be administered to the
patient for therapeutic purposes. The Thl/killer cells may be administered intravenously,
intraperitoneally, intradermally or by other suitable methods. Thl/killer cells, once transferred to
non-nutritive buffer have a limited shelf life. Cells can be formulated at a density of at least
about 10° cells per ml, preferably at about 10’ cells per ml or higher. In some embodiments, the
cells may be formulated at a density at about 10® cells per ml or higher. The specific
concentration of the cells may be determined by the specific use of the cells and the therapy

protocol.



[ 0059] The CAC cells were resuspended at a concentration of 1 x 107
cells/m. Reactivation was done at a live cell concentration of 1 x 107
cel | s/ M .wBeatiz¥@&bi on was done in a 24 well plate, 6 weCh/ysb@atm4s3rs a 75
cnB flask depending on the vol unme. Dynabeads C i nExVi voTm CD3/ CD28 were
added to reactivate the cells and incubated at 36-38C and 5% CO2 for 4
hours. [0060] After incubation for abbdlit 4 hours, then the cells were
renoved and transferred to a 50 m. tube with final fornulation buffer
(FFB). FFB is PlasmaLyte A with 1% HSA. The reactivated cells were
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in the dark. [0065] viability was tested by flow cytonetry of 7-AAD.
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together. After discarding the supernatant, the cell pellets were
resusﬁgnrrl1 Veaﬁﬁitoﬁl 881%%% stai ning buffer and FACS was run.

[0048] The Thl/killer cells in the composition can exhibit a novel combination of functional

characteristics. These functions include Thl characteristics and cytolytic functions that are
similar to NK functions. The Thl/killer cells generally produce IFN-gamma and have
substantially diminished or no IL-4 production. Preferably, the IL-4 production is below
S50pg/ 10° cells and IFN- gamma production greater than 1000pg/ 10° cells.

[0049] Additional functional characteristics of the Thl/killer cells can include for example,
expression of functional molecules such as CD40L, FasL, perforin and granzymeB, co-
stimulatory molecules 4-1BBL, CD28, CTLA4, and TNF-related activation-induced cytokine
(TRANCE), TWEAK, PD-1, B7 family, adhesion molecules such as the integrins, the cadherins,

and the selectins and secretion of a variety of cytokines and chemokines and expression of



[ 0066] Exanple 1-Purification and cell phenotyping of CD4+ cells. Nornal
donor peripheral bl ood was obtained and the CD4+ cells fromthe buffy coat
wer e puriwoedizeidsg using M|l tenyi nmagnetic beads and cecCurus2abtagsned from
Mtenyi Biotec (Auburn, CA). Fig. 1 is a flow cytonetry plot of side
scatter (measures size and density of cells) vs CD4 . Fig. 1 shows that
CD4+ cells are about 46% of the total-1popul ation (N=22). After positive
selection for CD4+ cells, the result is 98.69% pure CD4+ cells (N=22). As
can be seen fromFig. 1B, the popul ation of CD4+ after the columm contains
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harvest ed” CAC cells from each production batch were activated w th CD3/ CD28
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Tabl e '9955 A9 18 Pty ableattlebe experinents. WO 2012/ 024666

[0053] The present invention includes a method for destroying diseased cells. The diseased cells
can be in a patient. The patient, for example, may have cancer or contain infected tissue due to
infection by a virus. The patient may have a solid tumor or hematological malignancy. The
method can include administering to the patient a composition that includes the Thl/killer cells
described herein. The Thl/killer cells are preferably allogeneic to the patient. The allogeneic
cells may be from one normal allogeneic donor. Alternatively, the allogeneic cells may be

derived from multiple donors and combined into a therapeutic composition. Preferably, the
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histocompatibility mismatch between the patient and allogeneic cells is maximized. Some
histocompatibility between the patient and the allogeneic cells can be tolerated and can still
result in the desired effect.
[0054] The Thl/killer cells can be administered to the patient by a variety of routes including
intradermally, intravenously, intraperitoneally and the like. The patient may be administered one
dose or multiple doses. The number of cells administered to the patient can vary and may depend
on the specific disease, the patient, the method of activation and other factors. Generally, the
patient is administered at least 10’ of activated Thl cells, preferably at least 10® and more
preferably at least about 10° cells.
[0055] The present invention also includes a method of treating a patient by administering a
composition that includes Thl/killer cells. The patient may receive one or more doses of the
Thl/killer cells. The amount and the frequency of the doses can vary and can depend on the
specific disease. In preferred embodiments, the Thl/killer cells are allogeneic to the patient and
administration of the Thl/killer cells to the patient induces a host versus tumor effect along with
a host versus graft effect without graft versus host disease.

EXAMPLES
[0056] Materials: PE-conjugated CD40L was purchased from Beckman Coulter, Brea, CA. 7-
Amino-Actinomycin D (7-AAD) (1000x) was purchased from Cayman Chemical Co., Ann
Arbor, MI. Plasmal.yte A was purchased from Baxter Scientific, Deerfield, IL.. Human serum
albumin (HSA) was purchased from McKesson, San Francisco, California. FcR Binding
Inhibitor was purchased from eBioscience, San Diego, CA. Dynabeads ClinExVivo™ was
purchased from Invitrogen, Carlsbad, CA.
[0057] Preparation of Cells Activated in Culture(CAC)- CD4+ T-cells were cultured for 9
days in the presence of CD3/CD28 ClinEx Vivo Dynal Beads obtained from Invitrogen.
(location). The cells were grown in Life Cell Flasks (Baxter) at 370C and 5% CO2 and re-
stimulated with the beads at days 3 and 6 of culture. After 9 days in culture, the beads can be
removed and these cells are referred to as CAC.
[0058] Preparation of Cells in Formulation Buffer(CFB)-CAC were placed into cRPMI media
for washing. Time was recorded to indicate the beginning of the formulation protocol. The cells

in cRPMI media were centrifuged, the supernatant removed and the cells resuspended in cRPMI
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buffer. Cell viability was determined by using Trypan Blue assays. The total cell number and
the concentration of live cells were used to determine the percentage of viable cells. If the
sample had greater than 80 percent cell viability, then the procedure was continued for
reactivation and formulation of cells.

[0059] The CAC cells were resuspended at a concentration of 1 x 107 cells/ml. Reactivation was
done at a live cell concentration of 1 x 10’ cells/ml. Reactivation was done in a 24 well plate, 6
well plate or a 75 cm’ flask depending on the volume. Dynabeads ClinExVivo™ CD3/CD28
were added to reactivate the cells and incubated at 36-38°C and 5% CO- for 4 hours.

[0060] After incubation for about 4 hours, then the cells were removed and transferred to a 50
ml. tube with final formulation buffer (FFB). FFB is Plasmalyte A with 1% HSA. The
reactivated cells were centrifuged, supernatant removed and resuspended in FFB. These are
referred to as cells in formulation buffer (CFB).

[0061] CFB were resuspended in FFB at a concentration 10’ cells per ml. The CFB were
resuspended for ID, IT or IV administration. 1ml of the cell suspension was added to a 3ml
syringe as an ID formulation. IT and IV formulation were 3 ml and 5 ml, respectively. The
syringes with the appropriate formulations were stored in refrigeration with an average
temperature of about 4°C.

[0062] Harvesting of samples after storage-The cells and supernatant were collected at
different time points. The time points were as follows: O(initial); 2 hours at Room Temp (RT);
48 hours at 4°C; and 48 hours at 4°C followed by 2 hours RT.

[0063] At each time point, 100ul cell suspensions were collected and the cells were spun at 400g
for 5 min at 4°C. The supernatant was then transferred to another tube for IFN-y detection later
using ELISA. The cells were resuspended in 150ul staining buffer for flow cytometry. In some
experiments, the cells were resuspended in 100ul cRPMI medium and cultured in the incubator
at 37°C for 24 h with 5% CO,. The supernatant was taken after 24 h incubation and the IFN-y
was detected by ELISA.

[0064] Flow cytometry (CD40L and 7-AAD)- 50ul cell suspension were transferred from
above (150 ul) into 3 eppendorf tubes, labeled as unstained, CD40L and 7-AAD, respectively.
The unstained tube was incubated on ice for 20 min. For the CD40L tube, the cells were pre-

incubated with FcR Binding inhibitor according to the instructions of the manufacturer for 20
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minutes on ice. Then 40ul staining buffer (PBS+1%FBS) and 10ul PE-CD40L antibody was
added into the cell suspension and incubated for additional 20 min on ice in the dark.

[0065] Cell viability was tested by flow cytometry of 7-AAD. 7-AAD intercalates into DNA of
dead or damaged cells, thus determination of 7-AAD positive cells is an indicator of cell
viability. For 7-AAD tubes, the tubes were centrifuged at 400g for 5 min at 6C. After removing
the supernatant, the cell pellets were resuspended in 100ul 1x 7-AAD solution. The tube was
incubated on ice for 15 min in the dark. 1ml of staining buffer was added to the CD40L tube and
then the 3 tubes were centrifuged together. After discarding the supernatant, the cell pellets were
resuspended in 0.4ml staining buffer and FACS was run.

[0066] Example 1-Purification and cell phenotyping of CD4+ cells. Normal donor peripheral
blood was obtained and the CD4+ cells from the buffy coat were purified using using Miltenyi
magnetic beads and column obtained from Mitenyi Biotec (Auburn, CA). Fig. 1 is a flow
cytometry plot of side scatter (measures size and density of cells) vs CD4 . Fig. 1 shows that
CD4+ cells are about 46% of the total population (N=22). After positive selection for CD4+
cells, the result is 98.69% pure CD4+ cells (N=22). As can be seen from Fig. 1B, the population
of CD4+ after the column contains both lymphocytes and monocytes.

[0067] Since every batch is produced from a different donor, antigen markers were tested at the
beginning and the end of production. Cell phenotyping of CD4+ cells (Fig. 2A) versus Cells
activated in culture (CAC) (Fig. 2B) were tested. The results show a very consistent shift from a
naive CD4+ phenotype (CD45RA+) to a memory phenotype (CD45RO+). Fig. 2A shows the
phenotypes of the CD4+ cells for CD45RA, CD45RO and CD25, respectively. Fig. 2B shows
the phenotypes of the CAC after 9 days of culturing and analysis for surface expression of
CD45RA, CD45RO and CD25, respectively. From a mixed CD45RA/CD45RO population, a
CD45RA negative CD45RO positive population is obtained. CD25+ cells are approximately
10% at the beginning of the expansion process. At day 9, CD25+ was approximately 85%. This
is in accordance with the activation state of the cells. Fig. 2A shows CD4+ cells after column
show a naive phenotype of CD45RA + cells (avg=44.76% n=29), CD45RO+ (avg= 53.44%
n=29) and CD25+ (avg= 10.83% n=29). Fig. 2B shows that after 9 days in culture with

continued stimulation, the phenotype changes into Th memory like cells. CD45RA goes down



Average (n=15) [0071] Only IFN (c) and IL-4 values were used for functional
rel ease criteria. The results for 19 consecutive batches are shown Table 1
(val ues awe 2expressed as pg/ 106 cell s/ 4 hours). The repecTad2@o15de

i ncludes only passing batches. [0072] Exanple 2-Direct Killing by activated
Thli/killer cells. To test if CFB may have direct effect on tunor cells, the
ability of the cells to kill the ARHF¥6cell line was tested. This cell line
is an established nyeloma cell |ine. The ARH/7 cells were stained in CFSE
to differentiate themfromthe CFB CFB were m xed with the stained ARH77
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killing effect on the ARH/7 cel ne.

(the average arithmetic mean is 541 n=17). The MFI increases after 9 days in culture to an
average arithmetic mean of 1541 (CAC) and then becomes significantly lower (average
arithmetic mean of 190.3) after the final 4 hours activation (CFB).

[0069] CD40L Expression Pattern--The density of CD40L expression on CAC was consistently
increased on the surface of CAC after a 4 hour activation with CD3/CD28 beads. Fig. 4 shows
the change in the arithmetic mean and percentage of CD40L expression of a representative batch
comparing CD4+ at day O (Fig. 4A), day 9 harvested CAC before final activation (Fig. 4B) and
after 4 hours activation, CFB (Fig. 4C). As can be seen, the difference between the un-activated
and activated cells is not so much in the percent of CD40L+ cells, but rather in the arithmetic
mean (the average AM for CAC is 20 (n=29) while the average for CFB is 112 (n=29)

[0070] Cytokine secretion during final activation-Samples of 9 day harvested CAC cells from
each production batch were activated with CD3/CD28 beads for 4 hours and the supernatants
were collected and tested for cytokine production (IFNYy, IL-4,IL-8, TNFo and GM-CSF) using

ELISA assay. Table 1 shows the results of these experiments.



WD 2012/ 024666PCT/ US2011/ 048578 -18- [0073] The nature of the direct
killing effect was examned to see if the effect was due to the
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techni ques were used to stain for Perforin and G anzyme B. Fig. 6A shows
that CAC express very little Granzyne B, as can be seen. Fig. 6B shows that
CFB express significant anount of G ahZzynme B. Fig. 6C shows that Perforin
can be detected only by the use of western blot. Lane 1 is the extract of
activated PBMCs, as a positive control. Lane 2&4 are of CAC fromdifferent
bat ches, and | anes 3&5 are of the CFBpf.nom the sane batches. [0074]

I nhi bition assays were also perforned to elucidate the nature of the direct
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090C 1,021.4 1.00 402.0 810.5
| 094C 1,420.2 1.03 733.6 7572
3,816.0 0.29 1,779.7 1,358.8
Average
(n=15)

[0071] Only IFN © and IL-4 values were used for functional release criteria. The results for 19
consecutive batches are shown Table 1 (values are expressed as pg/ 10° cells/4 hours). The
reported average includes only passing batches.

[0072] Example 2-Direct Killing by activated Thl/killer cells. To test if CFB may have direct
effect on tumor cells, the ability of the cells to kill the ARH77 cell line was tested. This cell line
is an established myeloma cell line. The ARH77 cells were stained in CFSE to differentiate them
from the CFB. CFB were mixed with the stained ARH77 cells at different Effector (CFB) to
Target (ARH77) for 18 hours. After that time, 7AAD was added and cells were acquired using
the FCS00MPL flow cytometer. This experiment was repeated with different CAC batches and
with fresh and thawed CFB. ARH77 alone, with DynaBeads, CD4+ cells or with CAC had no
significant death (less than 10%) data not shown. The results shown in Fig. 5 indicate that CFB,
but not CAC, CD4+ cells or beads, have direct killing effect on the ARH77 cell line.



WO 2012/ 024666PCT/ US2011/ 048578 -20- WHAT IS CLAIMED IS: 1. A conposition
conprising Thli/killer cells wherein the Thi/killer cells have Thl

char act erwetog2ad cytol ytic activity. 2. The conposi Promsed11okssisn 1
wherein the cytolytic activity conprises NK characteristics. 3. The
conposition of claim1 wherein the Thi/killer cells express granzyne B and
perforin. 4. The conposition of clai-t8-1 wherein the Thli/killer cells
express | FN-ganma. 5. The conposition of claim1 wherein the Thi/killer
cell s have substantially reduced or no expression of IL-4. 6. The

ComposiAMErShel I IS S TR B0 12 158 R PSR, ™
cr oss-Petfokini@aagent pitbwaCBotandteGia? 8tailing Bhe vesrapo didti techndfues Ivedrenudedirer ei n
the T dintor Farforin and izyme B By, bARone i CAL 20pre RPN rany 0 B, as
can be seen. Fig. 6B shows that CFB express significant amount of Granzyme B. Fig. 6C shows
that Perforin can be detected only by the use of western blot. Lane 1 is the extract of activated
PBMC s, as a positive control. Lane 2&4 are of CAC from different batches, and lanes 3&5 are
of the CFB from the same batches.
[0074] Inhibition assays were also performed to elucidate the nature of the direct killing
mechanism. CFB were mixed with ARH77 cells as described above and different inhibitory
agents were added as shown below Table 2. Antibodies against CD40L and/or FAS-L were
added to the CFB:ARH77 mix. Table 2 shows the even the highest concentration did not prevent

the killing profile.

Table 2

Anti no 0.1ig/ml Tig/ml 20ig/ml
C40L inhibition
Anti Fas-L 35.48

no
inhibition

Ing/ml

10ng/ml

200ng/ml

[0075] The effect of EGTA on the direct killing mechanism was examined. EGTA blocks the
polymerization of Perforin and acts as an inhibitor of the Perforin/Granzyme B mechanism.
ImM EGTA was added to the direct killing assay described above. As shown in Fig. 7, ImM
EGTA reduced the killing by an average of 50% (n=7) Paired t test P value 0.0002. The direct
killing effect that CFB show comes from the Perforin-Granzyme pathway.



9. The conposition of claim1 wherein the conposition conprises
clinically-rel evant nunber of the Thi/killer cells. 10. The conposition of
claim 1l whereix2idése conposition conprises at |east abouPCI/Us2010/M485¢8 | s.

11. The conposition of claim1l wherein the conposition conprises at |east
about 1 x 108 cells. 12. The conposition of claim1l wherein the cytolytic
activity of the Thi/killer cells speci$ically inactivates di seased cells
and not normal cells. 13. The conposition of claim 12 wherein the diseased
cells conprise cancerous cells, infected cells or conbinations thereof.

14. A bt LSk N kil e el rej [ Ki I'ls
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The cenmpodinidney) vafrkatk akithed 4n Wheedre will rére gtk /thitldhertiges @hd ysbe arpe iis orhhnd
characteristics. 16. The conposition of claim 14 wherein the Thl/killer
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17. The conposition of claim 14 wherein the Thl/killer cells express

| FN-gamma. 18. The conposition of claim 14 wherein the tunor cell line is
ARH77. 19WOThe/essposi ti on of claim 14 wherein the Thl/ pCiriuseoiamkssss do not
i nactivate normal cells. 20. A nethod for destroying diseased cells
conprising contacting the diseased cells with a conposition conprising

all ogeneic Thli/killer cells wherein t-Be interaction of the diseased cells
with the Thli/killer cells |leads to destruction of the diseased cells. 21.
The nethod of claim 20 wherein the Thl/killer cells are CD4+ cells. 22.
The f ' wherein the Thl/killer cells express Thi
chargmfpﬁlﬁ&CEM;R/I £ olytic activity. 23. The nethod of claim 22 wherein
the cytolytic activity of the Thi/killer cells conprises expression
granzyne B-perforin 24. Th od f Ia|m22 erein_the Thl

Shar adt eri ¢t F%P%&W&@W@%Q@@fﬁ Rﬁ‘éﬂﬁ]i’ﬁ Thm@%ﬂerfﬁ%s Q@é@erﬂﬂ of claim
22 \m%gﬂa&emﬁsgﬁg/c%f)t@rac ly.s Iack expression of IL-4. 26. The method of
claim 20 wherein the Thl /k I"er cells are obtained by activation of CD4+
T-cel 125 wi ﬂ}]ne@m@smtlomkzédammﬂ whersd dmtqytdtﬁl‘_&&cnmmawmplaé.esm choditersstics.27.
The t hod é[ﬁ]{éé:%%]?)lo 1816 ﬁ]iﬁ@e gvﬁlte{heﬁré&gi[ﬁﬂﬂeﬂer ce ls express grrénsi?fmeq"jncec{ ous cells,

i nfected c

perforin.
4. The composition of claim 1 wherein the Thl/killer cells express IFN-gamma.
5. The composition of claim 1 wherein the Thl/killer cells have substantially reduced or no

expression of I1L-4.
6. The composition of claim 1 wherein the Thl/killer cells are CD4+ cells.
7. The composition of claim 1 wherein the Thl/killer cells are formulated with cross-linking

agent for CD3 and CD28

8. The composition of claim 1 wherein the Thl/killer cells are derived from normal donor
peripheral blood.
9. The composition of claim 1 wherein the composition comprises clinically-relevant

number of the Thl/killer cells.

10. The composition of claim 1 wherein the composition comprises at least about 1 x 107
cells.
11. The composition of claim 1 wherein the composition comprises at least about 1 x 10°
cells.

12. The composition of claim 1 wherein the cytolytic activity of the Thl/killer cells
specifically inactivates diseased cells and not normal cells.

13. The composition of claim 12 wherein the diseased cells comprise cancerous cells,
infected cells or combinations thereof.

14. A composition comprising Thl/killer cells wherein the Thl/killer cells are CD4+ cells
having cytolytic activity against a tumor cell line.

15. The composition of claim 14 wherein the Thl/killer cells comprise Th1 characteristics.
16. The composition of claim 14 wherein the Thl/killer cells express granzyme B and

perforin.



28. A nethod of treating a patient conprising admnistering a conposition
conprising a clinically-relevant nunber of Thi/killer cells. 29. The

met hod ofwol2aizm22&e6wherein the Thli/killer cells are CDA4PCTaAiSk&L1/04808 The
met hod of claim 28 wherein the Thli/killer cells express Thl characteristics
and cytolytic activity. 31. The nmethod of claim 30 wherein the Thl/killer
cells are activated with beads attachétt to anti-CD3/anti-CD28 nonocl onal
anti bodi es and crosslinked. 32. The nmethod of claim 28 wherein the
Thli/killer cells are obtained fromthe peripheral blood of a normal donor.

53, e, ool AR NE LRy AE AT il coenelc (o

nunberi8of CRlelcomipssicibn basiim 14 whafsh the tumor cell line is ARH77.
19. The composition of claim 14 wherein the Thl/killer cells do not inactivate normal cells.
20. A method for destroying diseased cells comprising contacting the diseased cells with a
composition comprising allogeneic Thl/killer cells wherein the interaction of the diseased cells
with the Thl/killer cells leads to destruction of the diseased cells.
21. The method of claim 20 wherein the Thl/killer cells are CD4+ cells.
22. The method of claim 20 wherein the Thl/killer cells express Th1 characteristics and
cytolytic activity.
23. The method of claim 22 wherein the cytolytic activity of the Th1/killer cells comprises
expression granzyme B-perforin.
24. The method of claim 22 wherein the Thl characteristics comprise expression of IFN-
gamma.
25. The method of claim 22 wherein the Thl/killer cells lack expression of IL-4.
26. The method of claim 20 wherein the Thl/killer cells are obtained by activation of CD4+
T-cells with cross-linked anti-CD3/anti-CD28 monoclonal antibodies.
27. The method of claim 20 wherein the diseased cells comprise cancerous cells, infected
cells or a combination thereof.
28. A method of treating a patient comprising administering a composition comprising a
clinically-relevant number of Thl/killer cells.
29. The method of claim 28 wherein the Thl/killer cells are CD4+ cells.
30. The method of claim 28 wherein the Thl/killer cells express Th1 characteristics and
cytolytic activity.
31. The method of claim 30 wherein the Thl/killer cells are activated with beads attached to
anti-CD3/anti-CD28 monoclonal antibodies and crosslinked.
32. The method of claim 28 wherein the Thl/killer cells are obtained from the peripheral
blood of a normal donor.
33. The method of claim 28 wherein the Thl/killer cells are allogeneic to the patient.

34. The method of claim 28 wherein the clinically-relevant number of cells is at least 1 x 10°.



