WO 2011/ 004201PCT/ GB2010/ 051135 1 PRESERVED COWMPCSI TI ONS OF ACTI VATED NK
CELLS AND METHODS OF USI NG THE SAME CROSS- REFERENCE TO RELATED APPLI CATI ONS
[ 0001] Thiwoappldogati on clains priority fromU. S. Provi sipemaiB2dplsiat i on
Serial Nunber 561/224,771 (filed July 10, 2009) and U.S. Provisional
Application Serial Nunber 61/301,529 (filed February 4, 2010), each of
which is incorporated herein by reference inits entirety. FIELD OF

| NVENTI ON [ 0002] The present invention rel ates generally to preserved

popul ations of natural killer 10cells eX%lbltlng a durable activation

state, phap ﬁ@fs‘i}ﬁ‘éf%ﬁ'cé b F‘A”@’ﬂ@AT‘EDW oooﬂﬂ éﬁs'éF and

nmet hods of using the sane Adoptive
i mrunot her apy of cancer contenpla es direct stlnulatlon of the host
15i mune response to tunor through vaccination with specific tunor cells

and/ or admi ni strat i o6 RIPSTRESFERIENCE TO REIATED ARPBHIATIONGer al factors

can i npede an adequate anti-tunor inmune response, however, including the

lack of “arggpi|t ablrsisty PWaflaéélgﬁﬁsaﬁrﬁgltfaﬁBﬁl@? Px%@fsf%ﬁ&l‘ﬂﬁlﬁﬁ'ﬂidn%ee%apﬁ%ﬁés' ng,

productlon of i munol ogi cal ressive factors tunor, and
i ke. 20 @UwélﬁAc[ﬁtﬁdﬂub' hOni&Qﬂ%amaUaﬁpj?rcafnil@mbﬁsph@tlovéﬁmiﬁ@lmhgnﬁlr/%rhﬁﬁ%lt ed

host i nmu ressi ﬁ terin nol.ogi c ve.cells or
Aot bodr el PR o Rk RIS neRthor Tl PN R A F iRl FifRer py
appr oaches, i mmune effector cells are isolated froma tunor-bearing host
and activated and/ or expanded ex vivo prior to reinfusion. Autol ogous NK

cells, for exanple have been aGIEL®OH INVENTI®N t h reconbi nant

i nterl euk | L-2) to enhance CD56+ nat ura il cel ..

Lt of ont B orhe preddnt e ot aERes FERIL gt RER Ui Sk ety ang
genergf e ¢yERRIAKIIAL a AGFablealcBthtidhlsta@d, phdeMaderiehllcd mpokitiehy Rhprisiapaidhe of
killing fresh autol ogous and aIIogenelc human tunor cells in vitro.

(Rayner, #tivaipd NKiodlis)andapairads obusingthy s4r3g3) . The adni ni stration of LAK
cells, typically in conbination with

BACKGROUND OF THE INVENTION
[0003] Adoptive immunotherapy of cancer contemplates direct stimulation of the host
15  immune response to tumor through vaccination with specific tumor cells and/or administration
of more general immune stimulants. Several factors can impede an adequate anti-tumor
immune response, however, including the lack of a suitable tumor-associated antigen, defective
antigen processing, production of immunologically suppressive factors by the tumor, and the

like.

20  [0004] Adoptive immunotherapy attempts to overcome tumor-mediated host immune
suppression by administering immunologically active cells or antibodies directly to the
tumor-bearing host. In adoptive cell therapy approaches, immune effector cells are isolated
from a tumor-bearing host and activated and/or expanded ex vivo prior to reinfusion.
Autologous NK cells, for example, have been activated ex vivo with recombinant interleukin-2

25  (IL-2) to enhance CD56 " natural killer (NK) cell cytotoxicity (Lanier et al. (1985) Journal of
Immunology 134, 794-801) and generate lymphokine activated killer (LAK) cells, which are
capable of killing fresh autologous and allogeneic human tumor cells in vitro. (Rayner, et al.

(1985) Cancer 55, 1327-1333). The administration of LAK cells, typically in combination with



WO 2011/ 004201PCT/ GB2010/ 051135 2 system c |IL-2 infusion, has been
repeatedly investigated as an adoptive i mmunot herapy for human cancer.

[ 0005] Unfwotonadoetoy, however, these LAK cell therapies kpavaBmtioositss only
limted success in the clinic. Autologous cells nust first be obtained from
the patient and successfully 5expanded ex vivo to a cell count sufficient
for therapy. Moreover, the LAK cells nmust be continuously exposed to IL-2
in order to maintain their activated stafe and, accordingly, effective
clinical protocols generally require high-dose systemc IL-2 adm nistration
| N cONi UNGlichf: -5 i, 66! bech ettty ifldROMANSHMOAN ik B Rb) §5 S ver e
obt ai ned 1’'n sone patients, toxicities resufting fromthe -

co- adni ni lstmantdapgerwer e a si gni fi cant probl em 10( Vi eweg et aI . (1995) Cancer
| nvestigation 13:193-201), including fever, chills, malaise, arthral gias,
nyal gi as, [086%] welghirtugaticly, hovoemef, [thdsd LAdd eallt thempi€d bdvzenet etithadnly 188&) J.

{EEFQ‘;L"? YGRSl R AR A TP RSN ST T4 B By Her AP P B AR Yol |

ot her 3 hagkphiddd@ahnbitse cell fsliny sifBdikhtZBEhBRapy.OBRt&ver, thelNK kel st bd Sspeci al
equi prent and dedi cated | aboratories are necessary to isolate, expand and
rei nfuse eREAUIE Rpsed te Bi-P dn onger lodiantain thger acgivpted stateandyaceerdiighii f i cant | y

| mpai r ed é’ﬁécﬂbé‘cﬁﬁ‘i\@il ﬁt&sl:%%l%%né} ltlffeq{lﬁ ﬁ'doQJ J’é la‘l%‘bﬂ,ngadrﬂ afb@ y, once

activated LAK ¢ st be pr orrpt i nf efore t activation
state is ¢cm$mct1(81 g’ﬂh theaahttlheye}pyprﬁéﬂmuglamnmarmrﬁtumAKef(f@ItSI \sernebEBEdurmoeme t hat
LAK cel | s_be ) stinulati L-2 to

o est abi PURMEHEeBbEE Ol EH0hTAF I3kl iR Vel oGy Pl il on

28: 531p 5; (\S@\hég $tl €199l CaédeQQ:&)esthatzbmf193 DGI), inkidh§ AedB) chilRC Balathcngl y, the
adm nistration of LAK cells for the immunoth eraEIf of cancer has had limted
clinical ¥HpHgksanigies apt WRight sangom g ressabien Siaes: f Hal Woddrzeaognd

I 'abor i nt ensbygs_setshods for isolation and expansion, and real -tine
adm ni stration to avoid | oss of activation. 25[0007] What i s needed,

theref or ejpogg) agg LK@l fEHl—éH&u‘é‘ﬁ bECAR ccfi Bldra PHIF@LArHﬂe?e#:l?}V{h@% [tf10

reliable and dur e act |ty that can better facilitate the coor natlon
of cel | ul anplohéreapyvand bAK@aldy otbartkan indediting, lrtdlrl&eélmhzai pretocaln. kum‘rmmrt hei r

The abt | VAEH AL WGERE ARLFORS B0 Rk ios ARCs a0 (B PO B BTG Sch ©
clini cal | yatieAtd &lIagRMkSves WAK Edladctiniby & sgeifiaally ﬁﬂlpalilb@ alitha;nmeiv@albh@rmem ght
be possi brlerenoval of IL-2 and, accordingly, once activated, the LAK cells must be promptly infused

before the activation state is lost. Significantly, preservation of LAK cells necessitates that

LAK cells be prepared for administration by re-stimulation with IL-2 to re-establish the

20  activated state. (Kawai ct al. (1988) Transfusion 28:531-5; Schiltz et al. (1998) J. Immunother.
20:377-86). Accordingly, the administration of LAK cells for the immunotherapy of cancer has
had limited clinical impact and acceptance, requiring expensive, individualized and labor

intensive methods for isolation and expansion, and real-time administration to avoid loss of

activation.

25 10007] What is needed, therefore, are activated immune effector cell populations having
more reliable and durable activity that can better facilitate the coordination of cellular therapy
with donor care. Ideally, these cells can sustain their activated state despite preservation, and
without continuous exposure to the activating agent and/or co-administration of undesirable

and/or clinically toxic agents, such that more general clinical applications might be possible.

30



WD 2011/ 004201PCT/ GB2010/ 051135 3 SUMMARY OF | NVENTI ON [ 0008] The present

i nvention provides preserved popul ations of activated NK cells having

si gni fi canD 2anddo4downor activity that exhibit a surprisi rgincRoraBhss
activation state despite prior preservation, and even in the absence of the
activating agent (e.g., after termnation of contact 5with the activating
agent and/or w thout continued exposure to or reactivation with the
activating agent). Significantly, and ug%ike LAK cells, the activated NK
cells of the subject invention can be admnistered to a patient directly

after preservation and w t houtgiiMiRi QRSO F eNVEERAEIgwat i on, and furthernore
wi thout the need for co-adm nistration of the activating agent itself,

t her eby pl0808ldi ndhe bicpint inyartion nravidesquescaicd appdatany of eetoptet My sdlsdeving

t her apy pr: t ) | i ds...pat i.al W6l ties.:at i

co- adm ni SgHHF Ehot R8N R A LRI T Rl B b SRR S FREAB Y e
popul at i omsseceatiobeandfefacini tiehtycmrplf dredtiaaingageml(é. 0.9 efteitantiadtios oé canatt
signi&%cantlﬁ@ are capabl e gj transferring tunoricidal abilitjes to
endogehou¥ thHrcietiog pEent ARUAT WHRPE COUIMPFGEPORIe 14 pFayatiodiithg an Nk
cel | acti yalhteHy £B%FadRniffdamlyy Bad MKLTNRIBLI, tht Reiaedd N JthCRiblect
popul ati ons provided herein can be 15 enpl oyed nore generally and nore

pract i cal inyentignisan he administeredhie agaseitwacet preseragipngad tyithgat thapeedipt hout
th d : ' [ - -1 :
e nee Je%th&&? %ﬁ%@gﬁggn%r%g%ﬁrﬁle h g'fﬁ&sa(ﬁﬂg{sﬂgtld’neﬁlthe Acﬁ‘t@?{lengi aﬁent

adm nistration p ccordingly, 1n one aspect, vention
provi des el thaecby provalingdimposistwidnsswiairablel and redylikuseddIsherdyeproduct that

conpos{tigns may b itable for direct adm.nistrati.gn to a. patient. 20 The
compoll ¢ i dreavr nslnBaietiais angart palh ogradtpisEaon g hegsRYtoR g et | vat ed
NK cell s have been previ ousl reserved. . I n_use, the activated NK cells
may, aft eﬂ%éﬂy p%w@a&lwfbﬁgwﬁé@a@lﬁiw o b PGSV e SPBIoYSAAFRTSSt r at i on

Wi t hout rQRGENN@bdrAss Ahd, SR RGAtIWatdcabifle BEGANRLiNDuABEBIal dbitREROdI ment s,
t he conpositions: conprise previously preserved activated NK cells, are

sui t abl e ¢ngpgationebest Adnealls ypomadoptye bpnfcartberebyrrogycinkar VhtdcHgoagéne . The
conposi t I O J5Y, l%(z. mﬁ?@ﬁ&i@g}’tﬁé % ivafd NIQCeIP Bl Bhy Aol @Ba }%rEﬁl%F{{: be
et her~sinu tiral) of the

co-admi ni stration aneous, separate or sequen

act i vEf i ngmplggst mork gendrildyr aralspec peactitdilyrie batheacpyoatiddessi(d inmurpdpawpat | on of
activated NK celhs. or her%ggutic uie ﬁ.g. fgr use inﬂfhe fteatnent of a
cancer, aifdEri3PdevionGae Beedonisinnabsed ireAtment oA dNRT A2t or t he
manuf act uggnipktraioBsibteastent e.g. for use in the treatment of a cancer. The
popul ati on may be preserved. The popul ation may be free of 30activating

agent. Thgop@Pul Alct&BindRY id AHeladstet, hdRRIB A ViR bh¥nmAcaeR AL fBSHW or
carrier. The population'may be reconstituted into a pharnmaceuti cal
conposi t i &tiviged NKagaller Thegemgpositions may be suitable for direct administration to a patient.

20  The compositions may be substantially free of activating agent. The activated NK cells may
have been previously preserved. In use, the activated NK cells may, after any preservation,
subsequently be prepared for administration without reactivation or contact with the activating
agent. In embodiments, the compositions: comprise previously preserved activated NK cells,
are suitable for direct administration, and are free of activating agent. The composition may be,

25  and usually is, for administration without co-administration (whether simultaneous, separate or
sequential) of the activating agent. In other aspects, there are provided (i) a population of
activated NK cells for therapeutic use ¢.g. for use in the treatment of a cancer, and (ii) the use
of a population of activated NK cells for the manufacture of a medicament ¢.g. for use in the
treatment of a cancer. The population may be preserved. The population may be free of

30 activating agent. The population may include a pharmaceutically acceptable medium or carrier.

The population may be reconstituted into a pharmaceutical composition but, after being



WO 2011/ 004201PCT/ GB2010/ 051135 4 renoved fromthe preserved state, is
desirably ready for admnistration, e.g. ready for infusion. The
descri ptiwo 2bewmiswi1of the pharmaceutical conpositions ofctrleB20rvsntsson
therefore applies nmutatis nutandis to the cell popul ations of the
invention, for exanple the NK cells may be obtainable by activation wwth CD
15 LAK-resistant tunor cells. Preferably, the NK cells 5 overexpress CD69
and/ or CD25 in conparison with resting ht cells and exhibit a durable and
prol onged anti-tunor activity despite the absence of the activating agent.
Accor di ngloyhovtd'ORenEFRAMN TR, i GesRIRY kQUS - iVRkSH, NK r&fly!fSr ARiRioHDE9+
and/ or CD25+. In a further enbodi nent,” the activated NK cel[s contenpl ated
for use hEhedscrgitwo hg@imofghppleswhantiofl c@bpddtianadf hegeveaxpr desifan appliec€D16

o e Al 0o RS, S5 BB RGO A o Y

t yp:c cal L?/oblﬂ'fﬁl{lé B}ea(aivgﬁ@ﬁﬁfth abpayt Lﬁ&o/peg%ta?mﬁ@ebdulslloGmﬂéraltlygne NKD¢efs
preferably at |east about 60, 70 or 80% of the ce opul ati on, ~and nost
pr ef erabl §VearxPress&P6A Brdipr ©B25 grcosrpanigon Bith fRdng MK ceﬁwd Kt dl{r@}genl}q n

one enbo '%ﬂ%ed ztrﬁ‘letugi-o%Qét%?geﬂntﬂ@%@aﬁ)@éﬁcie%@{he%@ﬁ%ﬁﬁ% L QNS ACQRBREIS Ein one
activated 15 NK cell's that are autol ogous to the patient. In another

enbodi menembadieerg ik praviewty-eetivated Ao s¢ltsiaoneDednpird/ eeCRZTH. viataddrthK cel | s
that are | . tient. an | 4 nei.c.. he rLent.

anot her e ooglln%rgr%ﬁ#t?le %ﬁg;agﬁgﬁa;rﬁ%lgsuctofl%a%laceg rrfgggslet%legeﬁﬁs glcsé(})%%rrl ?gge@@resﬁ%:otni 0\;a e1 NK
cel | s thainddoe @apiresgemef CD1@aftdrectpaitiveniccdrdinglyothh etibjesrdNid cetB ke mbiee

phar mpceuti ¢cal . conpgsition K. cells that are allogeneic

I conprise actiyvate
to eath of™R f%b%fwg?éftaﬁ GBI presas @Q@%@f@ GqueB1haK %‘élﬁwﬂll
advant ageQyhity &n SR PKEd abdlt SO 3k dePPoPhilbtiod, AR rs pRISMLY hVARABRRN60,
include cell culture, refrigeration, and cryopreservation.” In a preferred
ermbodi ment0 on§9&o akthp gelt pepulikion.cinidgnast preéarghdp atdeast shwgt 9@ 9§.0r 98K Alithaasffen
vapor) fg% Alatibgast about 1 day, e.g., for at least 1 week, e.g., for at
| east ab (fpsze'eks, e.g., for at |least about 3 nonths, e.g., for about 6

nont hs, e, for at | east a t .one vear, e.q.., for at. | east about five
Comr o> ortoBnyl, " Ol Be cofERIm AR M o805 HFFhmGefienl ook BHpRP illyafed'
cryochyd e NHEgeHt that arehiitotb@osd toYhofatioet Ve enotidreutbodixdddf tienshabndd@uticel | s/ i,

nore preferably between about 1x107 and 2x107 cells/mL, .in a nedi um
conpri si n¢PIESEOLHEPTHEAC aﬁh”%é‘”éﬁﬁ‘b*&ﬂﬁé’ﬁ? ?ut?lﬂ%owwfsrpéewﬁ*%g@%e Ef 1% are

pr epar ed tfh@Eaﬁéﬂlm H SbitRE ERBodMedtNRVHRGmabitieN&ofIFBAHS FRBprit &t A6l Xad d  NK
cells are thawed in the absence of an activating agent, and admi ni stered
30i mredi atedls yhagpreatlogdngisitoghe prHenti v ensthes smbpdimgde dic thhmasteicel a net hod

f ki -t o-. use: nedi ' for i.nf usi bl
or Maxl ndnih l’s?l?ﬂy?oé&frlsg%&1@6@%@@%{‘[}1!&{5{%’ Qﬁ)rggg&g}ooef%&hw ust ot e

for nul at i on WA ree or
2011/ ﬂp 42{66?51- / (%%Qagb(l)e/ porgsle]f\?’a%og techniques that may advantageously be employed in

conjunction with the subject invention include cell culture, refrigeration, and cryopreservation.
In a preferred embodiment, the activated NK cells are cryopreserved (e.g., in nitrogen vapor)
for at least about 1 day, e.g., for at least 1 week, ¢.g., for at least about 4 weeks, e.g., for at least
about 3 months, ¢.g., for about 6 months, ¢.g., for at least about one year, ¢.g., for at least about

25  five years, etc. In one embodiment, the activated NK cells are preserved in a cryocyte bag at a
cell density of between about 1x10° and 5x10” cells/mL, more preferably between about 1x10’
and 2x107 cells/mL, in a medium comprising DMSO and HSA. In one embodiment, the
cryopreserved NK cells are prepared for administration by thawing. In one embodiment, the
activated NK cells are thawed in the absence of an activating agent, and administered

30 immediately after thawing. The invention includes, therefore, a method for making a ready-to-

use medicament in the form of an infusible formulation which is free or substantially free of



agent for activating NK cells, the method conprising, or consisting of,
thawi ng cryopreserved activated NK cells free or substantially free of

acti vati ngoagemb420t he fornul ati on being for use in treaPCHgGBRIDABCBS

wi t hout co-adm nistration (whether sinultaneous, separate or sequential) of
the activating agent. The infusible formulation in this enbodi ment is ready
for imedi ate use 5w thout any further processing. [0013]1n one enbodi nent,
the NK cells are activated by incubating with CD15+ LAK- resistant tunor
cells before preservation. In one enbodimnent, the CD 15 LAK-resistant tunor

cell is Sféeﬁ%?ﬁ’ctfvﬁﬁ’@ Nﬁ%e%,@l‘rbomi&ﬁ@% b&ﬁﬁrﬁ%g?t)r Gh¥isting MV ﬂfa{!vélélcggﬂres%%hi nes

t hereof , and conbi nati ons thereof. In one enbodi nent’ the

LAK- r esi sacaimated Dikpeclls dict st obntpntidly @ oCastivhtioghdent, thenfoamaater bearglod bsvent |
the CD15+ LAK-resistant tunmor, cells. c rise. W4-11 cells., In _another
enbodi ment*'PHé °@Bf%¥vﬂfl%i£—°f"é‘§ifn§‘{l%€ﬁa?m? g‘%ﬁtfl% éiWN‘gtaB%‘?%ﬁeBaer g relepigh of

[ 0014] Al sihe petonatife odhe r BidinAisibldmdtthaldsod @rthip eapadirgt iafechdador imnsdderd wg t he
subj ect conpositions, conprising 1) obtaining autol ogous and/ or all ogeneic
NK celd s, WBjouhapy (AFTRfOCBENK cells with an activating agent conprising

CD 15+ LAK-resistant tunor cells, 3) preserving 15the activated NK cells in
t he absen@813f t Heongambegimeiy th@@#tqeﬂa)ireﬁﬁwéﬁ bygineuhsting with 41 MRKeel | s

for adm ni st at {8, afifs GE)E%)% ﬁg&?%@iﬁbhp orfe: %bodkglﬁllw tROCB 58 AK-resistant thmor y

cryopreservation, In a pharmaceutically accept e carrier substantia
free of aciliivstl¢aty fage the gramded}isauoi{iBY-dr MiG-1 heEd tsublates thehiéfcaldl s to a

patient in need.thereof wthout co-adm ni ring th tivatjng agent
Prserr. efenitiohiiefat ol e SRR M Bl £ AR e S S s R s, a
| east 1(bo0TV5084lls M ghofee E@badimynt2 hatCh SasiA K bRistanbimorf Qelrco8PHse BNOL-MDSt
preferably at |east about 90, 95 or . 98% of the activated NK cells are

char act er $ledIm@nothss gmbedipsat, thofd) Sobfdrresistng ienos selbsdiomwrse SEMeeells.

preservation technique ,e%PI oyed is cr(}/o reservation, and the activated NK
cel I's arel08%Hi ni ddsormsavides! hanein gegtmethedsi fanprgpaitng|apd admavisterathagybiest t h or

W thout rEgsR ‘Bﬁé,%@mpﬁ&%ﬂ éﬂﬁaiﬁfﬁg ﬁgﬂrﬁb b dor all n@ﬁtﬂﬁ%lﬁdZN&igﬁHﬁ%aﬁr €

aut ol ogous to the patlent n ano 5 enbodi nent, the activated NK cells
conpri se NK cclt Wghihattiatieg agenoéagoissngt ©Dt el pEtresstantamdoNKlle ) Ipseseivatg ar e

al | oggnei to.tP tient. I n another enbadi nent, the actj vated ells
o e S o glnaftfig R e G i s SRR oL R ARk R A hfEPe AR B RO Rl
cel | s ar efoabd@penaiicn ifter pasbrvaddiet.q., 0AG] MA@ enpprvirtdaibn & ApHiehiedtieily
stinmul ati ng endogenous. NK cel | acti vj t%,/, e.g., 30endagenqus anti -tumnor
activi ty, aCeptably saighubstantipdy dreg REpQRIIngaggnt, and Pl AdsHlipELHRg Hig 2paidiK  wo
2011/ 004204864 gﬁ?egtll(ﬁ/ f2ed 3rof without co-administering the activating agent itself, cither
g gag
simultancously or sequentially. In preferred embodiments, at least about 50%, more preferably
20  at least about 60, 70 or 80%, and most preferably at least about 90, 95 or 98% of the activated
NK cells are characterized as CD69+ CD25+ CD16"°¥CD15+. In one embodiment, the

preservation technique employed is cryopreservation, and the activated NK cells are

administered to the patient immediately after thawing, with or without resuspension.

[0015] In one embodiment, the activated NK cells are autologous to the patient. In another
25  embodiment, the activated NK cells comprise NK cells that are autologous to the patient and

NK cells that are allogeneic to the patient. In another embodiment, the activated NK cells are

allogeneic to the patient. In another embodiment, the activated NK cells are allogeneic to ecach

other.

[0016] Also provided is a method of stimulating endogenous NK cell activity, ¢.g.,

30 endogenous anti-tumor activity, in a patient in need thereof, ¢.g., a tumor-bearing patient,



6 conprising admnistering to said patient a popul ati on of exogenous NK
cells previously activated to overexpress CD69 and/or CD25 in conparison
wi th restwogoNKoemhl s, and preferably reduce expressi onpof/dEdf)/@sndsgai n
expression of CD15, wherein said NK cells exhibit durable activity in the
absence of an activating agent. As detailed herein, the 5 CD69+CD25+
CD161' CD15+ activated NK cells of the subject conpositions can be directly
adm nistered to patients in need thereof w thout repeated or continuous
contact with the activating agent, and reover also wthout

co-adm ni &;Iﬁlﬁkin%rhdﬁflmgt r% th ¥ihati g a%ﬁﬂltatﬁrpoite&@ Qahd Rt cell@prebRDubihe case
with LAK cells. "I n one enbodi nent, the exogenous NK cells are activated by
cont act i ngptivited MKoveedxpeswCDR9 wﬂaﬁDAKercwmmtlmntwmurmmng:EKlos lIs,endy. , CTV-1
tunmor 10cel }s, , MA4-11 tunor c M.t unor cel | nd the |.i Llp a
0 i M P P S MR B SO s 2
[0017]In @dhﬁntf’ﬂiir:litﬂﬂadﬂv&gz lirothedbitateofun detieatidglaberpopuldatallahh@einphe ses
exogenous NK cells that, are autql ogous tﬁﬁ@%ﬁ?p tient. |n another rret hod,

the cell PBEUTEPIBICREMPRISE astwiehbee J%sﬁm%ﬂsgloaam RglitestlY o t he
pati ent ammﬁ?gf%g&ﬂegsaué}l& ﬁ%&@m@&@% with&ut XeQ98 Bﬁé&mhﬁ’mfs%nt%é%ﬁi @pt. In
anot her nethod, the cell popul ation conprises exogenous NK cells that are
al | ogenei @tllvdlr@aaghnto@ﬁﬂemorebwrabom‘élputr@t mnlstrﬁ@naélthe agmmﬂr@talgotﬁ t@thﬁ?prl ses

exogenous C t enejic tq t I S that are
al | ogenel%at]teot gsaléﬁlhe éwaﬁﬁégdl%ﬁqg ﬂb(r)\%e eé-'ﬁgodd-g f‘ e ceI f)eg%u ation is
pr eser vedaditited bachrtacaing cie MK d ey wih CDd SéHAKnnesfstraﬁftmfmnr teﬂlsseag dCpati ﬁlﬁtor In
a preferr enbodi ment, the cell population i s cryopreser 20 |
exerrpf%ry eg‘ﬁaﬂ\‘léf“nléﬁtlmof frAls et demeriaetivend Sl dug pqu\%“‘éite@%oefmetnﬁé ng sai d

popul ati odpPsi PAKLEsi§thE teh&ikel a@AMTWUISERY 1 Ng. Significantly, as
denonstrated herein, the subject invention does not require reactivation

after preggiyati @rﬂoﬁ‘k‘lﬁetﬁé‘& @i@&o@g%féirﬁ?H@Jell%pﬁl@ﬂ&d%n{iff‘fs&seé}% crRNENR &9 does
not require co-admnistration of the activating agent. 25BR ?EF DESCRI PTI ON

OF THE memtpbem] tpitE pallelde i avsstti s neeshodh e CGlbpqm}IatNKm emrlsetsamgemgumr
cells pri defi$ %hO? egrRl I&ofo to tl? I%;S?]i% aﬁcKl ef((ggseltlg}tl x peCI srr%atl are alllogenelc % th

shows the TysSI's cel y-axi ? by
restirmg Nhtiesd. IIs ahdthdr mmh@i, trestell pupwlitich dobfirises-exsgabus NK cbﬂls Hﬁlt aracubat ed

with one aof three t ant Si |ve CD15+ Ieukemc cells: CTV-1
( NK+CTV1;? I?g?ﬁﬁ“‘s‘)o ea;jl/otgirl en?t}\&m I SEEGRPRY latgn @EW‘GNI@¥SE?%O“§<N§>&€§§
NK cel | s {hRci#baidnMb tdkhe B&HAE atdK MR ROk QdiPCol dfcB3BEP/ 051135 7

CD15-ve tunor cells: MOALT-16 (NK+MOLT16; x-axis) or PF-382 (NK+PF-382).
Fig. 1B SMY‘@] the Mesén%bo(h{ﬁéi?‘%ﬁé éélﬁpdpﬁﬁtﬁn 1s>ioré’s>éfv%21 aﬁér %Jt%ﬁ'aﬁ&ﬁﬂ&r A
cells (RAJI; Xx-axls), NKr esi st ant  myel oma 6; X-axis),

pl ast ocytmn(smmmo saad@xil@) Inoy plafcrr@élemlbecﬂlnaht th¢rmlr1 polelllzlttlolm meryoﬁ)'@ﬂeaﬁed

X- axi fd bﬂl arnee%érln{)] Ne%n‘t(): edllrlnesnt ﬁ'e\l r%fethod I!thse)r cgrlilprl}lsiés ?heeI sltesp &rtlllar\yvelrclig sal(i popCBYi_o%
prior to the step of administering. Significantly, as demonstrated herein, the subject invention
does not require reactivation after preservation and before administration to the patient, and

also does not require co-administration of the activating agent.

25 BRIEF DESCRIPTION OF THE DRAWINGS
[0019] FIG. 1 demonstrates that CD15+ NK-resistant tumor cells prime resting NK cells to
lyse NK-resistant tumor cells. FIG. 1A shows the lysis of NK-resistant RAJI cells (% specific
lysis; y-axis) by resting NK cells that were unstimulated (NK; x-axis), NK cells incubated with
one of three NK-resistant positive CD15" leukemic cells: CTV-1 (NK+CTV1; x-axis), MV-411
30 (NK+MV411; x-axis) or SEM (NK+SEM; x-axis), or NK cells incubated with one of two



5cells (+NK/CTV-1; x-axis). [0020] FIG 2 denonstrates bl ockade of NK cell
primng by anti-CD 15. FIG 2A shows the percentage of human NK cells

expr essi ngoGDRmo¢MCD25+ cells - black bars; y-axis) or COOGHMOIBEVBs5cel s -
white bars; y-axis) after resting human NK cells from healthy vol unt eer
donors (n=4) were incubated overnight alone (NK; x-axis) or with CTV-1
cells in the absence 10(NK/CTV-1; x-axis) or presence of anti-CDlL 1 a

anti body (anti-CD1 1 a; x-axis), anti-CD718 anti body (anti-CD 18; x-axis),
anti-CD 15 anti body (anti-CD 15; x-axis)’, anti-CD38 antibody (anti-CD38;

x-axis), @piks QIRﬂﬁor%@ﬂg IR@@ET.(1%"(NK+%§T18< 8% br PP@8Q@QK¥§P§§€3‘%L§ bedy

(antl CD58; x-axi s) bars represent the nean percentage
replicat e@omrtheelamh(%amﬂlfé;z lykib,G- ax’aB cszM(t\meSIStvet RdI ellofRAK; kesisk raNK-RAJ |
cells (%

i ncubat edre 8 n%yﬁﬂmﬁ? E%Pﬁ%’%gg X a’é??f %}3 f&%lz?lo%g%\eﬁ 3 don{ﬁ%hal ()

( NK/ CTV- LieliMin@dX D81 45,GFakid) t@&bétﬁlgwleaémQJrM{t R- asay oir Kicas promedewith &mvens  of
anti-CD 15 antib dﬁ\é(]clone MEM 158 - Serotek UK Ltd) (NK/CTV-1 pre-treated
CD 15:° x- &k §NBC u¥&®hg concentrations; CTV-1 cells pre-treated with

saturating concentrations of anti-CD49f (clone 4F10 - Serotek UK Ltd)
( NK/ CTV- 1[082Q- t r EH#-Sadanronsiratescblgskadg of K cehhyprimingby antieR] %rEléi et SOV t h

sat ur ating, 91‘8&% er h%%%ﬁl\ﬁicél@tek %%@g CHEANCHO. gla ?%centage

(NK/CTV-1 p etre X-axi s represent t
SD of 3 repbhy (:%CE@T aills eadiite Sanspy-exis) ﬁ@ﬁﬂ@pﬁmgs‘m@nd‘éﬁwnﬁi framélsaltlfya«tolunteer

transfection of K—re5|s
tonent 1 it i b A0S ofttinSiredni Mn e B RASET oo Tt Ronss

per cery ag(e\HQ/B:smem € h)ﬁs)|df§)téieno$|3féﬂ'ﬁ epach hmttboldy $4nsi; CY t BX kSakishyanti&gdigng NK
cells of unpodified RAJI cel 1&3%1 | ; Xx-axi s%, CD15+ RAJI cells RAJI T15;
x-axi s); @BPsdy RAGICRIEY Kexpy). émfl et tiRp Hh(ahGRISpEsxishenhddAS(aribedyr1s +

anti - CD15(1an‘?f'(§3(385)<-vax 13-kl anGighd Htﬁ.@t]j'4%a§; %gls)’\‘o{f E'ntﬁ@b'SS R @nhdRody
(RAJI T15 + anti-CD56), K562 cells (K562); and 62 cells pre-tréated with

anti-CD 1@Dé&t>1-mﬂy Thrb&2 represant ﬂl@mealsperc@afgeeiw Oﬁér@él@atmﬁor oxhwemples: 1

for all gﬁ%‘@ﬁ ?W% %he(l}lsw 3f&ﬂK—resas%ﬂ£yA(}?§e%f% gélggyggxlfs 0‘?\3}3 c{ Ozrnl FG 4

denonstr rrmhn ocl'a 0SS

surfare exqiigssidono®{n-€0h6ubakddGor 20 b hlowns (Nlhex pes)c eith agecadd @IKVcleéellls

| sol ated JNIg/g| %/ Pexa-'luzls , CTV-1 cells treated with saturating concentrations of anti-CD15 antibody
(clone MEM 158 - Serotek UK Ltd) (NK/CTV-1 pre-treated CD15; x-axis) at saturating
concentrations; CTV-1 cells pre-treated with saturating concentrations of anti-CD49f (clone
4F10 - Serotek UK Ltd) (NK/CTV-1 pre-treated CD49f; x-axis); or CTV-1 cells pre-treated

20  with saturating concentrations of anti-CD56 (clone NCAM 16.2 - BDIS, UK) (NK/CTV-1 pre-

treated CD56; x-axis). The bars represent the mean percentage + SD of 3 replicates for cach

sample.

[0021] FIG. 3 demonstrates that transfection of NK-resistant RAJI cells with FUT4 renders
the cells susceptible to NK-mediated lysis. The bars in FIG. 3 represent the mean percentage

25  specific lysis = SD (% specific lysis; y-axis) by resting NK cells of unmodified RAJI cells
(RAIJT; x-axis), CD15" RAJI cells (RAJI T15; x-axis); CD15" RAJI cells pre-treated with
anti-CD15 antibody (RAJI T15 + anti-CD15; x-axis); CD15" RAIJI cells pretreated with
anti-CD56 antibody (RAJI T15 + anti-CD56), K562 cells (K562);and K562 cells pre-treated
with anti-CD15 antibody (K562 + anti-CD15). Effector:Target ratios were 5:1 for all

30  experiments(n=3).



patients that expressed CD 16 (% CD 16 positive; y-axis) after overnight

i ncubation in the absence (NK o/n; x-axis) or presence of CIV-1 cells

( NK/ CTV- woab1i@osdonmul at or: responder 5 ratio of 2:1. EacCh/GEuawms1136
triangle represents one of nine healthy donors fromwhich the NK cells were
i sol ated. The proportion of CD16+ NK cells renained stable in the absence
of tunor stinulation. In contrast, CIV-1 nediated primng led to a
significant | oss of CD 16 expression (pﬂg. 01). [0023]FIG 5 shows

intracel | ul ar phosphorylation follow ng Stinmulation with CTV-1. FIG 10 5A
shows the O'OE'fﬂber FRE. N nftblrated @HQMSr-méa@iEd NK Wlﬁlﬂlgﬁpgﬁgagﬂ’eﬂkx%qgss%c (CD3
zeta PE; x axis) as determned by flow cytonetric analysis after resting NK
cel | s werarkté eaprasied of 6D 160 FIf. rﬂﬂhesrsvhetmrdémge oéNK@eKlﬁ isplatzd fivins® beplthy) or

CTVv-1 ceII n-filled then i xed. FI.G..5B,shows .t he nean
Sy cent agetiob s bR RTh B A0 ARk R SRSyl RSB s o ad
LAT ( pLATsbsece QNKdi0,Si08)\or teRchcAPTT W pZAB‘(QIK/():Tml)ta't aretnﬁ@lbm Sesf)dsmi;er
15x-axis) after stimulation with CTV-1 ceIrOE stlcgulator onder
ratio -of r@lﬁog%ld@@ewﬁuae&rwnlgiedﬁpr@ww Emér]i‘é"i‘ nergLrpym w 1|c thegshows

the nu nbeéell@tve%s&l@ﬂeh SThY p¥biSibn \M 3 i) Qhﬁﬁm%% Yelnﬁtlﬂ%q s‘%ﬂl%-rﬁ tKPBIAER of ﬁmﬁ?f' s)

after resting NK cells were stinulated wth CIV-1 cel for O mnutes,

m nut es, stinulitiomt ds cmtrastoCFhVnhtreélateﬁlpGrmﬁgjedﬁo@Fﬂgnlrﬁemté@enf @ﬂlﬁexmmonof 3
experi ne%§ 2[0024] FIG 6 denonstrates NK activation follow ng CTV-1 or

I L-2 stinulati FIG 6A shows the percentage of NK cells positive for

CD25 expr on it ve bati on over n|

absence o@ﬁg%]y a(%ﬁ’ % iﬁl ageﬁ%{ll‘%\rﬂf?%é?p%orﬁan&?:}g# Wm%SthH%atf) e en@ FE@V— 1

Cel | s10{ NK$ LCTWOwls th néesb&)of MK eellb (& chB] y-axisowith PhdspRorplalIeT B (D3l zletaZPE 100
.u./n) (LAK x-axis) for 48 h. Parallel cultures were | abel ed for_ surface

expreSS| ofrags) asdisrmimgd ph flowcatanatig ansdysispteyresiinediK eglinwarestimaaged for

U age. QR o T R A e 3 < T NP ER ST o

and 6G) afitasy Fﬂ@ciﬂ)shqvcsrth@meammgmntagn 4t H2 o BlvmeanceK stllsahip melttiive/,a*rzixi\eg vetjle nt

(FIG 6B and S of, CT.V- - 6C oF or in
e pr osenRerBiY e SATIPLATERS B fhodbnd et Z98rb RoAd 1o 5 3% g et

hi st oY anx-aeipy #&esisulbfien Wik CTVA1 téllsar e stataeredspbiier sie oif fleCas determined

7" ohiome. | RAOETIO TR AN O F IS (56 TR Cifemmigt 7k cSlaeeIertart or
cryopres ]%ﬁb@%}io?ﬂateg ls@m%%ﬁs*ﬁms cspamnla% eﬁu@emmeﬁsr RércRliRQREANCEl ear
cells tha inulated with CTV-1 cell lysate for 20 hours and incubated

wi t h ant i colp@-0RnipGteandmantds, tﬂ)@lrmm oa AP nbowee F10ef O nethe mpnesortaigemletiof 3
sorting f % St?l ls. FIG 7B is a dot plot of peripheral blood nononucl ear
5cel I's stltl?u fed with CTV-1 cell | ysate for 20 hours and i ncubated with
anti - 6, Ca AR odices af { ti.c tipg for
NK ce mﬁ#ﬁeac E?G aﬁ]&ﬁm(%nmﬁ:(g Iglél évaglro e't el%’un |8er|' e r egl onel téonnofﬁgg gjg R2,
NKT cel I Sshame tﬁ@uﬁdentalge bhRKreds pesittherfot ebzasnﬁ?&ssmﬁ‘(%ﬁosityzmy exm)Safn‘eeund in

t he region noted as R4, and T IIs are found in he re denot ed R5
FIG 7C sHEWEtPYyQnight iRahy a %éene@ (0% AuPd pgenf @Eﬁg Ty i qﬁwrwn@eq I's

freshly peroedediQ (NKV@‘T\Q[VX-%)JS Sl 182 (dioeshin the BF¥dcAde HNE- o@%l/mp(@mousl y
primed with CTV-1 |ysate fhat had been cryopreserved for 14 daysand thawed

prior to ¥aggblatf#dh Rirehelrabures witedaliolusistor suntae expresgios)of Cofrmd \macellular
DESCH £TI I(IQN'% alg?2?%&?5&%&%5”@&1@\’&?Eﬁo%pthre%hf?ltogrsofthﬁ{ LOR (9—@%?8&&@5@1 f,i ndi ng

that.in c(::ecl)lnsurface CD69 (F1Gs. 6B, 6C, and 6D) or intracellular IFN-y (FIGs. 6E, 6F, and 6G) after
incubation overnight in the absence of any activating agent (FIG. 6B and 6E), in the presence of
CTV-1 cells (FIG. 6C and 6F), or in the presence of IL-2 (FIG. 6D and FIG. 6G). The vertical
bar in cach histogram represents the maximum fluorescence of the specific isotype-matched

30  negative control.



cells, the activated NK cell popul ations provided herein exhibit durable
activity even in the absence of activating agent and, significantly, retain
t hei r antwetwnmmw4mativity despite interveni ng preservat ipomdpeoiosprsl onged
period of tinme. The preserved popul ati ons of previously-activated NK cells
described herein can be effectively used across all ogeneic 20barriers and,
al so surprisingly, are able transfer tunoricidal abilities to endogenous
host NK cells upon adoptive transfer inug a tunor-bearing host, thereby
produci ng an NK activation cascade in vivo. Accordingly the activated NK

cel | popupg} 7QRASwPIAVEHED HEHLE] NKGRMs Fé@an?ﬁlélr%)’%d%‘i@ex@ﬁ AR @R a1 €

practically in both active and passive I nmunot herapy settings, and w t hout
t he need FK&7ﬁessdnamptﬁﬂwnpmmﬂﬂénﬁmmﬁgnwéﬂschGQWHmnnénahwﬁhC§ﬁ%htﬂbn

25D oL oooh e AT ML S RSP b LR R 1

previ ousl iymﬂlﬁrﬁ)ﬁ&lrgb’ﬁdlc@&hﬂlg BONK 3¢li0MIGCDBN 4 Gt it DRp&htisl blbad niaamlclwen
activat ed th CD15+ cells exhibit durable and

pr ol onyed® ﬁlwkagﬁdév@f@‘fr’ﬁ;eﬁﬁg&efpggqo #%ﬁs adl ipgbated ety DadFHG Mdhat i ng

agent, ang,WHBOiC LARGHIY &idrRnfiho MY ﬁ@%oﬂ{ﬂq%h)rtm@ ARt iy é‘&c‘h%qﬂ&eﬁk af ter
preservation. Accordingly, 30preservation methods such as cell culture,

refri ger atdllspre fcuqcblprtb%@gmatdﬁmted mw,,N&Bnelb@r@fvphd)yﬂethe wgucmimotsd gnRBi cant
| oss of Vi tiva dm 48], ient
w6 2011/ 0phohier] BeabIGnGaL EBb Bl bR Gl § SPT Tk MPLIL AT b fof bR

pr epar i ngR$.hEIG & showe tysBTIRNIS bél&t(imspedﬁewsrsoy aﬂe)ably N& defic Frady pmmem ng

the cells to the activating agent for the cells to apeuti c nd t he
act i vift edER TS hBate Brohpiast. SR icsh aretiopsy E%WFCEW&%%J Vit o g
activati ngca@RRbrekdr$&d for l%ﬁﬁhﬁcﬁﬁﬁwg@bﬁérﬂo A RbRRANBERANT &al @5@@%9@' tions
conprising activated NK cells prepared for 5adm nistration after

preservat#df, and correspondi ng met hods of use.
[ 0027] " Previousl y-activated" as used herein refers to prior contact and/or
exposure to (e.g., incubation with) an activating agent, e.g., CD15+

LAK-resi;tant tunmor cell s, and ET%Q?ﬁprSéﬂﬂ%?ﬁ LAK-resi stant tunor cell

preparation. [0028]"EUrabIe" as use rern in e context of NK cel
acti vHti OWO%]f er $he pre'sdnelra/bntllqmylamS td hheanprpevicd inilyg dot,iiv acwhsNK [l | to
nalntalnl

tivi tu actiyv bsence. of
cont i nued<d Frepae e ifon Rl pddhierhbE guiP e B e
period of afskdtR of BctPating@igchCaRll sighi@vint§; &tdi®thch anfi®liBordcaley addpie at | east
about 10-12 hours, still nore preferablg at | east about 12 tq 14 hours.
intervening preservation for a prolonged period of time. The preserved populations of
previously-activated NK cells described herein can be effectively used across allogeneic
20  barriers and, also surprisingly, are able transfer tumoricidal abilities to endogenous host NK
cells upon adoptive transfer into a tumor-bearing host, thereby producing an NK activation
cascade in vivo. Accordingly the activated NK cell populations provided herein can be
employed more generally and more practically in both active and passive immunotherapy

settings, and without the need for personalized treatment regimens, real-time administration

25  protocols and/or co-administration of otherwise undesirable and/or toxic activating agents.

[0026] In accordance with the present invention, previously-preserved cell populations
comprising NK cells that have been activated with CD15" LAK-resistant tumor cells exhibit
durable and prolonged activity even after preservation in the absence of an activating agent, and
without reactivation or contact with the activating agent after preservation. Accordingly,

30  preservation methods such as cell culture, refrigeration, cryopreservation, etc., can be employed

without significant loss of activity and the activated cells may be administered to a patient



[0029] Natural Killer (NK) cells 15[0030]NK cells are a subset of peripheral
bl ood | ynphocytes defined by the expression of CD56 or CD16 and the absence

of the T wel2biwmempt or (CD3). They recogni ze and kill trersfBomrdics! |
lines without primng in an MHC-unrestricted fashion. [0031] NK cells
represent the predom nant |ynphoid cell in the peripheral blood for many

nont hs after all ogeneic or autologous stemcell transplant and they have a
primary role in 20imunity to pathogens ﬁuring this period (Reittie et al
(1989) Blood 73: 1351-1358; Lowdell et | (1998) Bone Marrow Transpl ant 21:
679-686) . inff&1i & P%ﬂ@ﬁpr&%r@aﬁbh . g rbr@ﬁlﬂfn?ftﬁen&'ﬂg forQuAidiMRRSH B0 ARt ndigsease,
anti-leukema activity and post>transpfant infection is reviewed in Lowdel l
(2003) Triansflusiponinytidi cilne thea@detiddAgen{ f@@B@]cleuwrbelﬂfcr@@utls, amgd theat e t he
| ysis of t nfected ce at u 25¢ icity
and ant bdyEeEhaRRERI R T B FEt B iy o male® HBusR ALK & e
E:onh r gl I enls)szdﬂq&l‘élillh e paamaaelggbl (kbam;ﬁ)yﬁl@h?/&drﬁpr&[r%rhahﬁated\leﬂaiellyﬁrepared for
inhibito signal s are transduce C-lectin dopain containing receptors
CD94/ NKG2 %ﬂ@trwnsﬁéﬁ%mzﬁqwaéwm WH@?PGB@:‘PE fathode oR&¥ept ors (KIRs). The

regul ation of NK |ysis by inhibitory signals is known as the "m ssing self’
hypot hesi W02H whi %I}qw@biéwﬁﬁl‘@tqdms cddgrqn rofgry mgr@@nt%fp@w G0 0E =135
11 allele c@c}&H amr%u%'tﬁaagta?g%&e& C@dlSSE istahO@hBr bélfa'iﬂdt Ef¥rabRGEPL O S
on NK cel e do regu I"on o HLA no ecu es on tunor cells and sone

virally |GDéﬁtédee$$®n(®ngrcﬂkm@mﬂ@wmus this inhibition below a target
threshold and the target cells may becone susceptible to NK cel |l -nedi at ed
lysis if (0628]t ar getrablel’ Iasuﬁﬂsherehaimrﬂye Mﬁtht bfﬂNKgpthadi\aﬁbil ned@r's r[gthembiﬁt,}ucbfes
5[ 0034] I nhi bi tory rec r.ou t hose

7 suller eSOk Ar BEERN el RismeihBit e S P kB ORGE B Piipety sbapne
those of h@nli@tion rdpasted yontadaemwlﬁ@%cnmhg Bgdr® FoPadicRRhGctibd 6Pthe 2.0 . hie
cel | surface KIRs have a 2- or 3-domain extracellular structure and bind

to HLA- A, lcaggapgut 6¢8 hoppe Hmve@miy st ebos 10+l §apws i npore prsshly ghlewsitt or y
KI Rs have,yib: i P14 4 idlufacel | ul ar domai ns which contain I TIMs and the best 10
characterized are KIR2DL1, KIR2DL2 and KI R2DL3 whi ch are known to bi nd

HLA- C nol gies Aﬁlﬁgﬁkg'%?ﬁg%kﬁgtl3 bind the group 1 HLA-C alleles while

KIR2DL1 bin to group l'es. Certain | eukem a/l ynphoma cel |l s express

RI% ne ot @g%(():]ZPFN%( J:_ALHA al% aagulbgét%§pe%[})%er%'l‘ Elolég' R)M})h%gytgsederf%gdi E)t7 ﬁl%texf)r%551on of
CD56 or CDI16 and the absence of the T cell receptor (CD3). They recognize and kill

transformed cell lines without priming in an MHC-unrestricted fashion.

[0031] NK cells represent the predominant lymphoid cell in the peripheral blood for many
months after allogeneic or autologous stem cell transplant and they have a primary role in

20  immunity to pathogens during this period (Reittie et al (1989) Blood 73: 1351-1358; Lowdell et
al (1998) Bone Marrow Transplant 21: 679-686). The role of NK cells in engraftment, graft-
versus-host disease, anti-leukemia activity and post-transplant infection is reviewed in Lowdell

(2003) Transfusion Medicine 13:399-404.

[0032] Human NK cells mediate the lysis of tumor cells and virus-infected cells via natural

25  cytotoxicity and antibody-dependent cellular cytotoxicity (ADCC).

[0033] Human NK are controlled by positive and negative cytolytic signals. Negative
(inhibitory) signals are transduced by C-lectin domain containing receptors CD94/NKG2A and
by some Killer Immunoglobulin-like Receptors (KIRs). The regulation of NK lysis by
inhibitory signals is known as the "missing self" hypothesis in which specific HLA-class I



[ 0036] As regards to positive activating signals, ADCC is thought to be

nmedi ated via CD 16, 15 and a nunber of triggering receptors responsible
for nat urwb 20yv@imxi city have been identified, includi ngcCioR2010@38135CD69,
NKRP- 1, CD40, B7-2, NK-TR, NKp46, NKp30 and NKp44. In addition, several M
nol ecules with short intracytoplasmc tails are also stinulatory. These
KIRs (KIR2DS1, KIR2DS2 and Kl R2DS4) are known to bind to HLA-C, their
extracel | ul ar donai ns bei ng identi cal ﬁ their related inhibitory KIRs. The
activatory KIRs lack the ITIMs 20 and i Ltead associate with DAP12 | eadi ng

to NK cel Alle?é%tekfﬁ%@se@ Bn tﬁ'éh @P&h%ﬁfé \A%fateqm‘bﬁ&# & l‘:c‘))r(socfneﬁﬁ'cgps qhe ipRhbi tory

versus activatory KIRs |ns unkno K cells of the present
i nventi onregulytlw‘eofe{ditfblnug@ultson tlahdnagémmcbsolmté \c@llymfeqtﬁt)%]% (et bursts NK
cells ar e, cell.s.derived fromth atient, e. a_tunor-bear

"M 1 ogonat e RieEPHERG BT ORABRM itstps miy AR RRITY Bt a

i ndi vi duaﬂnedlhffedme; 1Nlﬁe2£rgalcle1$s aﬁgcﬁcaﬂ@rmn@@irﬁiﬁg)mﬁcfaatttlmefgtm@la&ulésw n, they may
be termed "syngeneic". [0039] Donor NK cells nmay be HLA-KIR mat ched or

ni smatThegoadne PESEN rdcapeRtar Bitd@ezrs fi@wWhotdartthd fges@agmﬂ:y efilcortindi ng
between the NK cells and target tunor cells is of no nificance

[ 0040] Act iyaraglp balyenike Regapiorp iRsdarheen! dsdodtoy %511113 e Miq?w&qthﬁp% osed
herein i Sdlﬁle%r\gﬁ?bbgg aPtﬂQUélﬁédr{%e %RQ eV PUSI Y- @iy 8lede lelfar%%&tﬁ dat

exhi bit durable activity, 1 retain the activated state after

pr eser vat biodh tcoHLARA L BebraﬁsﬁhmEKéﬂ/@lh% cotplenss lipge ddet. Accordingly, a
skilled artisan will recognize that activating agent as used herein refers
to any ag[eﬂﬂBS]t hainhaiptory K lRshaNiK up ed Hmt(aeelgnar donwimsagech ¢dnain TRIMs aadttlie\ide‘sty of

cel 1 o19 ShernsRei e KRERS 1 AR i ReBls i BREh i hd BLaenng”

expr essi Oﬂﬁolee@eﬁmm@u ahER”TEDIES Pind Nié &6l BHRAALC\uatledwale RIRI Mg Blﬂdsi ﬁae
present invention retain their activated state after term nati on of contact

with the gewpyatislay %@@ﬁﬂﬂﬂ@m@wlyﬁmb@mﬁgelbreée@ﬁ%ﬁth gioup A 2@ Bldendlslest t he
activati n&daag@mowé&[bg%&éﬂ?% KRR Jiged bé’[ﬁ jeg" is used synonynously with

the term”stimulating” I1n this section, t hr oughout the docunent.

[0043] Theg Qﬁgse“%s r{;%tcﬁttb %sﬂesé%tl%tga:é' %15 B@dﬁ?‘?hofu%fnhtg% &l EPdh , Wik her

an agent n acti I ng agent as ose herei n tho aving the
f ol | olfi ngarsitaapsnber of triggering receptors responsible for natural cytotoxicity have been 1dent1ﬁed

including CD2, CD38, CD69, NKRP-1, CD40, B7-2, NK-TR, NKp46, NKp30 and NKp44. In
addition, several KIR molecules with short intracytoplasmic tails are also stimulatory. These
KIRs (KIR2DS1, KIR2DS2 and KIR2DS4) are known to bind to HLA-C; their extracellular
domains being identical to their related inhibitory KIRs. The activatory KIRs lack the ITIMs
20  and instead associate with DAP12 leading to NK cell activation. The mechanism of control of

expression of inhibitory versus activatory KIRs remains unknown.
[0037] The NK cells of the present invention may be autologous or allogeneic NK cells.

[0038] “Autologous" NK cells are cells derived from the patient, ¢.g., a tumor-bearing host.
"Allogeneic" NK cells are derived from another, non-genetically identical individual. If the NK

25  cells are derived from an identical twin, they may be termed "syngeneic".

[0039] Donor NK cells may be HLA-KIR matched or mismatched. The present inventors
have shown that the degree of matching between the NK cells and target tumor cells is of no

significance.

[0040] Activating Agents



[0044] (i) contacting the agent with a NK cell to activate the NK cell;

15[ 0045] (i1) preserving the activated NK cell; [0046](iii) contacting the
acti vat edwblKocialob20fir om step (ii) with a target cell resipsraB0tomshgsi s by
non-activated NK cells; [0047](iv) determ ning whether the target cell is

|l ysed by the NK cell fromstep (ii); wherein the activated NK cell is not
contacted with or exposed to the activating agent at any 20tinme during or
after preservation (e.g., remains subst?gtlally free of the activating
agent during and/or after preservation). “[0048] Optionally, the activated NK
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expr essi on of wherei n appropriate activating
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i ncrease thelr capac yse tunor I's.” Stinulated NK cells have been
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absence odgefD 15 LAK-resi stant tunDr cells, and thus, do not need
reactivation by subsequent contact with the CD15+ LAK-resi stant tunor cel

af t er1(or emeayat i The tohBCAEtHialiGd Vs uicd spihyRisRediwinhe tcad "afhilviatd ngtagent as
di scl osed herein_ is a CD15+ LAK-resistant tunor cell. [0051]"CD 15" as used
herei n re$@?@1ﬁﬁdﬂﬁ@@PP@éhﬂd$@Fw@D2 that is structurally associated 10 with
CD15 and that is essential to prinme resting NK cells. As used herein,

~CD15" nmelP04flso TaE BicsEd IVERIGH BeueVides aRepPDipsloErminge Wiethe pRpEHA e of

which is A:n%ﬁvatﬁ{édagglflt a%ﬁs@f&sécﬁhe%lﬁ,qm method having the following steps:
[0044] (1) contacting the agent with a NK cell to activate the NK cell,
15  [0045] (ii) preserving the activated NK cell;

[0046] (iii) contacting the activated NK cell from step (ii) with a target cell resistant to lysis

by non-activated NK cells;

[0047] (iv) determining whether the target cell is lysed by the NK cell from step (ii);
wherein the activated NK cell is not contacted with or exposed to the activating agent at any
20  time during or after preservation (e.g., remains substantially free of the activating agent during

and/or after preservation).

[0048] Optionally, the activated NK cells from step (i) or step (iv) above can be analyzed to
determine expression of CD69, CD25, CD16 and CD15, wherein appropriate activating agents
will produce NK cells that overexpress CD69 and CD25 in comparison with resting NK cells,

25  and lose expression of CD16 and gain expression of CD15 after activation.

[0049] It is thus readily determinable for a skilled person to establish whether a given agent

has the capacity to act as an activating agent as described herein.



known as ELFT, FCT3A, FUTIV, and FUC-TIV. The product of Genel D: 2526
transfers fucose to N-acetyll actosam ne pol ysaccharides to generate
f ucosyl atwo 20ardoeteydr at e structures. It al so catal yzes troe/cBeotonssiss of
non-si al yl ated antigen, Lewis x (CD 15). Accordingly, a cell 15that is

"CD15+" expresses a ligand for CD2 [0052] Tunor cell lines are generally
killed by LAK cells. However, a LAK-resistant tunor cell nmarkedly evades
lysis by LAK cells. Non-limting exanpl of LAK-resistant tunor cells

include CTV-1 cells, WH1354 cells, OKM cells, MV4-11 cells, SEMcell s,
etc. [005[%b§ﬁ15+A's%§sc"n%§d &ttﬁé‘ﬁx&n#;ﬂ‘@{ cGelid ﬁmﬁﬁ‘l%@llPs' € §0fCD7!1%t* 3. fe@gtah‘l‘tuﬁ{%!r' S

such that the NK 20cells retain t activated stat'e after preservation
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avail able, e€.g., fromthe Amrerican lture Collection (ATCC Nunber

CRL- 9591)tu(ngan@lbaﬂeepread:rvatéomga?qcoglntgéﬂ 11?onel@ﬁborl%@ntSamcawt;ng@gerala.s distlesd) J.
| nmunol . 1%91111%53 P?;%AK-r651st r}%mgrce‘ﬁnb()d' ment, the activating agent is an

SEM cel | . comercially avallable e.g., from DSMZ
DSMZ No. 56). .
(DI Mo, IEGIS0) Ui o sl (358 Bl by Bt Bstrapiarely gpogfed 190g)
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is anticipated that other tunor cells wll also have the capacit

activat e RkeréethepradyerofiGraelly: el onjbeadfigial r}agxeéﬁf whighdp FUZ6¢ ?r\%ﬁférénékitatgéo after
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present invention also provides a nethod for ‘determ ning whether a tunor
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oW ng, st e 055 i] cont.acting.th ation
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t he NK cefhhbt if r‘ﬁmls*t’ @ppI(eBSea aWghil far CBRget cell resistant to lysis by
[0052] Tumor cell lines are generally killed by LAK cells. However, a LAK-resistant
tumor cell markedly evades lysis by LAK cells. Non-limiting examples of LAK-resistant

tumor cells include CTV-1 cells, MH1354 cells, OKM-24 cells, MV4-11 cells, SEM cells, etc.

[0053] CD15" LAK-resistant tumor cells capable of activating NK cells such that the NK
20  cells retain their activated state after preservation even in the absence of the activating tumor
cells include CTV-1 cells, MV4-11 cells, SEM cells, sublines thereof, or combinations thercof.
Accordingly, in one embodiment, the activating agent is a CTV-1 cell. This cell line is
commercially available, for example from the Deutsche Sammlung Mikroorganismen
Zellkulturen GmbH (DSMZ). In one embodiment, the activating cell is obtained from a CTV-
25 1 subline. In another embodiment, the activating agent is a MV4-11 cell. This cell line is also
commercially available, e.g., from the American Type Culture Collection (ATCC Number
CRL-9591) (Lange, et al. (1987) Blood 70:192-199; Santoli, et al. (1987) J. Immunol.
139:3348-3354). In another embodiment, the activating agent is an SEM cell. This cell line is
also commercially available, e.g., from DSMZ (DSMZ No. ACC456) (Greil, et al. (1994) Br. J.



non-activated NK cells; [0058](iv) determ ning whether the target cell is

| ysed by the NK cell fromstep (ii); wherein the activated NK cell is not
cont act edwei2otvmi2o0exposed to the tunor cell preparati onpretr/GBryiovdsmssaft er
preservation (e.g., renmains substantially free of the activating agent
during and 15after preservation). [0059]1t is thus possible for a skilled
person to establish whether a given tunor cell preparation has the capacity
to act as an activating agent and to scrgen known tunor cells for this
activity. [0060]1n one enbodi nent, the & tivating tumor cell preparation

nmay be a LUDRE0L86:h73- BﬁleReléHB? egab (11@98’) @%gbrﬁetlﬁm@rMCBP&'lérS& aft (mw at ion
of intact tunmor cells, SEM cel cells,

conblnatlbmﬁwwmdﬂéﬁﬂﬁﬁﬂhlch are preferably rendered nonV|abIe e.g., by
fixation or irradiation. [0061]1n one enbodinent, the tunor cel
preparat i @54y onsitgtipadd that otiempmi@ecks villaso leet khel ppatity tprepatcadiK oclls For

251 aonni ot ek eGSR B RN wBry e P S el B AR eh B G age

that the pARPR&ighhQiImbSceslt Atiel grasesh iniasioR alY §lovideR g eficthsdiht detdridiing and 1's
easier to store. A suitable cell lysate preparatlon may al so be nmade by

repeat ed eyehes inor sedlgyeparsigniing adtivatétsrseriae idiglossd herenAbe methed idng |

Such a prgpai; st be considered to have increased safety as it reduces
t he IlkeI?%oog ﬁf %£yan1nation associated with prions etc. WO

2011/0042@6557/Sﬁgg&R&Qﬁ%ﬁﬁﬁu$§f%iqﬁ%LJ %nga?%%ﬁ H@ﬁ resistant tunor cells

may be irradiat prior to use, by standar ni ques. Lysate preparations

have t he nt a I, tions conprising intact tunmor cells as they
avoi d theﬁﬂgé gﬁﬁggn #%{ﬁgﬁbﬁbotentlally mal i gnant tunor cells to the
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may be orngeapirits@&N&ncetlt ity (such as a protein) derivable froma tunor
cell. The CD 15+ LAK-resistant tunor cell may, for exanple,

[0058] (iv) determining whether the target cell is lysed by the NK cell from step (ii);
wherein the activated NK cell is not contacted with or exposed to the tumor cell preparation at
any time after preservation (e.g., remains substantially free of the activating agent during and

15  after preservation).

[0059] It is thus possible for a skilled person to establish whether a given tumor cell
preparation has the capacity to act as an activating agent and to screen known tumor cells for

this activity.

[0060] In one embodiment, the activating tumor cell preparation may be a tumor cell line,
20  e.g., may consist of or comprise a population of intact tumor cells, ¢.g., CTV-1 cells, SEM
cells, MV-411 cells, or combinations thereof, which are preferably rendered nonviable, e.g., by

fixation or irradiation.

[0061] In one embodiment, the tumor cell preparation may consist of or comprise a tumor
cell lysate preparation. For example, a cell lysate preparation may be made by standard fixation
25  techniques (such as using paraformaldehyde). Fixation has the advantage that the preparation is
stabilized, has a much longer "shelf-life" and is easier to store. A suitable cell lysate preparation
may also be made by repeated cycles of freeze-thawing, in combination with DNAse treatment.
Such a preparation may be considered to have increased safety as it reduces the likelihood of

contamination associated with prions etc.



conprise a reconbinant protein. The protein nmay be derivable from CTV-1
cells, Mv4-11 cells, SEMcells, sublines thereof, or a conbination thereof
[ 0064] ThewORoi20v410AK- r esi st ant tunor cell and the NK celtTmBpavaiizsn may
be brought 10t ogether by, for exanple, co-culturing (where intact tunor
cells are used). The "activation tinme" will depend on the nature of the
cell preparations and the contact conditions, but may commonly be 12-24
hours, perhaps 20 hours. [0065] The presigt i nventors have shown t hat
pre-incubation of NK cells with a CD 15+ LAK-resi stant tunor cell (such as
CTV-1 cel fope2WAThd C8R5L$,AKSRM Bt usnor CANMRARS 0A3iafbBHREF £Use, HURInAQS
thereof, etc.) causes rapid upregulation of 'CD69 on the NK cellI's. They have
al so showeckngicnd-ysato rdpechtiODEB) e thradveningsroveepicparainins lvompesihy sudsk Binfyy

activated NK cells expres 9 .li.gand oL but this,e ession |s
Sbsent. 1 rosi esfe Sy B Rk ooy BE AR Malrep i d) SRS PRLEN o

r econbi nasve oiboQindilithd dsivhiie @MmpPACEpremiratRBldonditeof Mcoapkiks A DVIIVgatd, unor
cells, presunably because it blocks interaction with CD69L on the tunor

cel I s.5 20j00686] | mhadii i oA K-gsfs@Biunionecll kay bé BEQRRIse afBRRy (dush ad $0
upregul ated on NK cells after contact with CTV-1. In contrast, CD25 is

downr egul RieEH)idarivadlg fiora i temongalln TRCRE $1 LA saisyt thmopcellypes for gxgmple. i n
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produce an activated NK ce population that is CD69+ and

[ 0067] | n lf fEMerlleriddaientateol, contambingidnth@Fak 1 results in the transfer
of CD 15 to the 25activated NK cells (e.g., NK cells gaining CD15), and the
reduct i on[0664]CD1Ghe&prlés $iAdhrdsiscmt tuher bl arel the &t el @meparatmhinary. be brought

Accor di ngl in further enbodi ment the activati t . | at eq, f
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[ 0069] The terns "preservation" and "preserved" as used herein refer

gener al | ycangneHe be b2t hawd. prahans dRAAWS of a cel lul ar conposition in viable
form such that the cellular conposition may be prepared for adm nistration
to a subj @865 e. dhe present iryantosst Hasp shover thatrpre-ipehbasioaé Nraedlls withasCRi &t | osed

herein, tﬂEKR%B%{hﬁtthrﬁ& Qi @RhlaY 2484 M&?ﬁ\}ﬁhf‘geqﬁg%l@[c%hé ¥?1ﬂf>1%§§5n\é.e‘d 5in

t he absence o e activating agent and’ exhi e activity, i.e., do
not nked thercof, sublines thereof, ctc.) causes rapid upregulation of CD69 on the NK cells. They have

also shown (using labelled CD69) that tumor cells which are lysable by activated NK cells
express CD69 ligand (CD69L), but this expression is absent from cells which are not lysed
(such as B cells). The presence of recombinant CD69 inhibits the capacity of activated NK cells

to lyse tumor cells, presumably because it blocks interaction with CD69L on the tumor cells.

20  [0066] In addition to CD69, the IL-2 receptor, CD25, is also upregulated on NK cells after
contact with CTV-1. In contrast, CD25 is downregulated in conjunction with NK activation by
IL-2. Accordingly, in one embodiment the activating agents contemplated for use herein also

produce an activated NK cell population that is CD69+ and/or CD25+.

[0067] In a further embodiment, contact with CTV-1 results in the transfer of CD15 to the
25 activated NK cells (c.g., NK cells gaining CD15), and the reduction of CD16 expression from

the NK cell after activation. Accordingly, in further embodiments, the activating agents

contemplated for use herein also produce an activated NK cell population that is also CD15+

and/or CD16"°".

[0068] Preservation



stimulation with an activating agent to provide therapeutic benefit.

Al t hough unnecessary for the activated NK cells to exhibit durable
activity,wendiiesmipreferably, a popul ation of activategchéBelidwsimay al so
be preserved in the presence of the activating agent. [0070] The popul ation
of activated NK cells as described herein may be preserved 10according to
any well known nethod, see, e.g., U S. Patent Nos. 7,270,946; 7,150, 991;

6, 921, 633; Kani as and Acker (2006) Cell Freservation Technol ogy 4: 253- 277,
etc., each of which is incorporated herdéPn in its entirety by reference. In
one embodiggsyt . ihe AP YhAld-AMiof aftehuahes: MiseehlisindeRriiRedy PRI n i s
preserved by a nethod sel ected fromthe group consisting ceyl cul ture,
refr|geraﬂn@nu@humowyamceéepdhmnanm@bmnanmﬂmﬂérbem,@mbddtﬂemtuuwme 15NK
cell popul ation. descri pres cryo reservatio
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gradi ent 20 separation and washi ng or by I nmunonagnetic sel ection of CD56+
NK cells Témdctmtvsiéﬁﬁedls tmshbmgumble@gmtynamd lgrsprofierabhye a abpulation] GRFE{alson
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cul turte caupidirpes aﬁjdﬁzpmtdmgnteﬂ@dmeevé QUS|Sy Paxeiti Nat 2A70M4a gl1159,99m; a medi um
suitable to maintain the vi abl|lt¥,0f t he actlvated NK cells and i ncubati ng

the suspehd?o®¥ KagiapaybAelcsfr08) Lo/ Peasevaier Elrelantatd-2egtc c8sh & and

about 7% (R iPinskhbrhRd hdteld BN Midely 2092 1 Hten{BRAM G ftﬁeelscﬁmauon of
mell-knomn media are suitable to nalntaln the viability of the activated NK
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cul tured |n chem ed ne " Chem use hereln
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cheniﬁﬁl‘Nﬁnﬁn$mpmMmmnmwmﬂquamhi$@kmmek&bﬁagogﬁaﬁvmﬁhjvely, with no
del i berately added uncharacteri zed suppl enents, even though such a nedi um

may cont ajpo71]r ac ®ueias hadinbapreiably #fisr s % polf,urahe[ﬁrbf:aainwte@m &efd
medi um necessarjly | acks_ani mal serum. feeder cells such as stronal cells,
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example, activated NK cells may be isolated from the activating agent by density gradient
20  separation and washing or by immunomagnetic selection of CD56+ NK cells and subsequent

washing or combinations of the above.

[0072] Upon obtaining a population of activated NK cells substantially free of the
activating agent, the activated NK cells may be preserved by cell culture, refrigeration, or
cryopreservation. In one embodiment, the activated NK cells are preserved by cell culture.

25  Generally, preservation by cell culture comprises suspending the previously-activated NK cells
in a medium suitable to maintain the viability of the activated NK cells and incubating the
suspension in a physiologically relevant environment, e.g., 37 °C and about 7% CO,. A skilled
artisan will recognize that many different well-known media are suitable to maintain the
viability of the activated NK cells. In one embodiment, the population of activated NK cells

30  are cultured in chemically defined medium. "Chemically-defined" as used herein refers to



prepared for adm nistration wthout exposing the cells to the activating
agent. [0073] Generally, preservation by refrigeration conprises suspendi ng
the acti wapediiNgsmel | s in a nmedium (e.g., chem cally- dePcmasB20mdisursp
suitable for maintaining the viability of the cells and incubating the
suspensi on at about 4 C. After preservation by refrigeration, the
10activated NK cells nay be prepared for adm nistration w thout exposing
the cells to the activating agent. [007%}A vari ety of nmedia and protocols
for cryopreserving cells, including vitification, are known in the art.

See, €. 9. oyltghd B0 Mo AdhemichPEmpoditiold bdth qhdMRQLLY afd §dnaRtly, FaRSLal |y

the cells may be concentrated, suspended in a freezé nedli um conprising a
cryopr ot eddlidpiatclbahidd onchetaatsriz¢dzeipplepontsi @ne though suchr raghwoprayatoetafr tewzi ng
cont ai ner ooled at.. a rate that .m nimze amage to the.f en.cells and
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| i qui d_ ni obtaining activated NK cells substantially
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cryopr ot 6GLANE R alhSREGH P HHN: egﬁdsin%_ tRE &Il %&ﬁ{e%ﬂix\’atﬁ% yopfieserved at a
cell density different than that at which they are cultured. In one
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a stafy | i zgikated NK €l hiay R prédparddrfesainvigidtratid nafivhodt y@pEiag eRtam tokhown in the
art. For exanple, the cryoprotectant can be dinethyl sulfoxide (DVSO or
gl ycer ol . 29 A8RIbodi ment s, the freezing medi um conprises DVSO from

about 5-10% 10-90% serum 30 al bumi n, and 50-90% cul ture nedium |In sone
enbodi menkV8 74k heAcYayﬁkYr@é@d\'ﬁa‘%fidd’ﬁOtﬁ@dﬁi fpmcryopreserving cells, including vitification, are

known in the art. See, e.g., Strong DM et al. (1982) J. Clin. Immunol. 2:214-221. Generally
the cells may be concentrated, suspended in a freeze medium comprising a cryoprotectant

15  and/or stabilizer, portioned into an appropriate freezing container, cooled at a rate that
minimizes damage to the frozen cells and maximizes recovery, and cryopreserved, ¢.g., at-70
°C or less, e.g., -80 °C or less, e.g., -135 C or less, in liquid nitrogen, or in the vapor phase of

liquid nitrogen.

[0075] After obtaining activated NK cells substantially free of the activating agent, the NK
20 cells may be resuspended in cryoprotectant or freeze medium. Cells are generally
cryopreserved at a cell density different than that at which they are cultured. In one
embodiment, previously-activated NK cells are cryopreserved at a cell density of between about
5X10° cell/mL freeze medium to about 2X107 cell/mL freeze medium. In a preferred
embodiment, the previously-activated NK cells are cryopreserved at 10X10° cell/mL freeze

25  medium.

[0076] Freeze medium generally comprises culture medium, a cryoprotectant, serum, and
optionally a stabilizer. The cells can be preserved in any cryoprotectant known in the art. For
example, the cryoprotectant can be dimethyl sulfoxide (DMSQO) or glycerol. In some
embodiments, the freezing medium comprises DMSO from about 5-10%, 10-90% serum

30  albumin, and 50-90% culture medium. In some embodiments, the cryopreservation medium



WO 2011/ 004201PCT/ GB2010/ 051135 18 will conprise about 7.5% DVSO, about
42.5% serum al bum n, and about 50% culture nmedium The cells may al so be
preservedwvonoampsmiabi | i zer known in the art. For exanplper/dBre10805a135! i zer
may be nethyl cellulose or serum Oher additives useful for preserving
cells include, by way of exanple and not |imtation, disaccharides such as
trehal ose (Scheinkonig, C. et al., 5 Bone Marrow Transpl ant. 34(6):531-6
(2004)), or a plasna vol une expander, gh as hetastarch (i.e.,

hydr oxyet hyl starch). In sonme enbodi nen i sotonic buffer solutions, such

as photh@rhﬁco‘&HJns@E@c%t?%% PBRISATBYoR@2UBL LruAAIRKARRInE WY o SHOPLBRRS vat | ve

conposition has cell-culture nmediumwth 4% HSA, 7. 5/6d|nethyl sul f oxi de
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cryopreseryvation ar and de see e. g.
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Wien the gelds1afie. ReRISRulyPLtafc) Uk SoHS @mb@dnlﬁ@ﬁtg '1&90&5 bhft& SGfu}ﬁQﬁg SRfrayed
cells (fromone or nbre contalners) may be selected fromthe cell bank, and

prepar ed phosphibabffaidaliac.inmy. beTised Aregrehpladuanpragecust yompwlcfrdms eell-t i pl e
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&rred enb he T

bank for subsequent use. 'In pré onor cells are
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fam | ang Broxgioper b € B bt Cﬂ%—r idisi ﬁ%%c%‘?ég%%%kh the
t eachi ngs ﬁrOV|ded herein. In one 20enbodj nent, preparing the activated NK

cel I's forl0QdAi ni Sripiciftsaziagtthe awé@éﬂ‘{}%@qlkﬁﬁrwdéﬁsporweﬁi HEP BRI R5P8% g t he
cell's t0 aphaedi Malidds 89etihk. TR lnfay ihe p&@a%@lféryexmbﬂe llﬁrggagf@ ot pattic, in

cryopreservation of different cell types may be infl uenced cooling rate.
For exanp? eial, owber dybap aeie. Wb@ tiln gellrsanrfe@eed@chfoc fugre us@tamrthnmfrﬂa’c@wmsarved

formati on g 468 S YSLALS. CONSTashy. (ovel Lu ) owaool ing fates gan result
in OSHDtIC S |njury S esear c OMﬂ T

bi ol o caddngigistrstiont Hﬁﬁﬁnu)sbcaacsfpmge‘olu@lydomé fomgluﬂtadlcedctﬂmt mmqyomveﬁmim der ed
optimal for the ce|ll type. Methods ern1 t he opti nal |ng rates
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Fuj iwara ghbdimertd 9Bdondr célﬁmltlvat%@f)mq§ cg@gl%g’évﬁ%n ab 8E8h 88, and

embodi ment, the activated NK cell population herein is frozen at a rate of
30about - dandyersibrgtesntls usdsoiat tre8mettreif thet donop mesteesifyheadonor’s Griynenddor See,

e.g., Loc&ﬁere&nréﬂted th\ﬁ@p%p[fleg'/ 19 Qc%ggﬂtﬁ) %1@%@ l‘e% Qﬁé’sl&r%wded herein. In one

20  embodiment, preparing the activated NK cells for administration after preservation does not

include exposing the cells to an activating agent.

[0078] It is generally well known that cryopreservation of different cell types may be
influenced by cooling rate. For example, overly fast cooling rates can cause lethal intracellular
formation of ice crystals. Conversely, overly slow cooling rates can result in osmotic shock
25  injury to cells. Research has shown that for most biological cells, there is a specific cooling
rate that may be considered optimal for the cell type. Methods of determining the optimal
cooling rates for the activated NK cells are well-known to a skilled artisan. See, e.g., Fujiwara

ct al. (1986) J. Immunol. Methods 90:265-73.

[0079] In one embodiment, the activated NK cell population herein is frozen at a rate of

30  about -1 °C/minute to about -3 °C/minute, preferably at -1 °C/minute. See, e.g., Locke et al.



19 (1984) Psychosomatic Med. 46: 441-453. In another enbodi nent, the
activated NK cell population as described herein is cooled at different
rates at wohberemoiphases, e.g., at a rate of - 1 C m nete/dBotedsiGsi n
while in liquid phase, at a rate of about -5C during the phase change, and
at arate of-2 Cmnute to -3Cin solid phase. See, e.g., Fujiwara S. et
al. (1986) J. 5 Imunol. Methods 90: 265-273. | n anot her enbodi nent, the
cells may be cooled to -4 Cat a rate of1 1C mnute, then to -40 C at a rate
of -25 ¢ mnute, then warnmed to -12 C at d rate of 15 O m nute, then cool ed
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I
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-135C id ni e etc, 20 1] I n one enbodi ment, the activated
NK cem Eﬁqél?l?t rFOglﬁSi/too28@ (g/@par‘@?equ éag H%YCcryocyte bag (e.g., the

activated NK cell population may be frozen at a cell density of 1-2X107
cel I /L) (043¢ neErq%hngéhegoreVl%iJSHé%ﬁtWﬁﬁeéM?q@@h@p%le@lwoybngR?Wen AR t
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aratio of 45(X-vivo): 10( 45( HSA) an vacuum w apped in nitrogen
vapor at sstehel dar 6@85)@ Qﬁnme@:lairﬂn‘rlmsr eldcor@ilng gﬁgérfom@t@prg?@mtlom majy0082] I n
about 12 HSPE DRl ORbu Ry bup BEuk b PR TBE RO B URiST ¢ e
acti vet edANﬁeQﬁtheSat(hfe ihdide fhe dsdnds ihdtyaad d)mc&usrep,radsitmghlwcﬁmﬁstrm madyf lect
the activation state of the cell even if said preservati s in the
absence plFlJeFWg QBRI g iesgr oo b A LR e e actbvraéegé?lga?ﬁsciﬂa

30occur i floRXGRE $ncChandcdl ROMES  THRLAVAGNRKAlNY ma bEXS8&SasQeschbed Berd Jpour s,
and preferably in WO 2011/ 004201PCT/ GB2010/ 051135 20 excess of 24 to 36
hours. | nacgpislingrtp ety mstacol kipavnde tah wedieatilnkkilied drtipopekat dA% Cdbigwd infengen
herein nay, ?9 gryopreserved (e.g., in nitrogen vapor) for at |east about 1
day, e.g., 6r at |east about 1 Week e.g., for at |least about 4 weeks,
for a%d Org)ﬁ%l]laggitoaebeOLgodlmerr?QLe a%tlvategtNlﬁ cecflrslfopu altlgléjl %%y;%;ggugpresc?r\pg 1?1521 e.9.,
5[ 0083] Af érgscyms gee ‘gafthmtlvit&iﬂNK@dell poppludi@t ineyberayzchat prapdaneidy H0Or-2X10
admi ni st raﬁl/mL to a

in a medium (e.g., a medium comprising X-vivo 10 (VWR, West Chester , PA),
dimethyl sulfoxide (DMSO), and human serum albumin (HSA) at a ratio of
45(X-vivo):10(DMSO0):45(HSA)) and vacuum-wrapped in nitrogen vapor at or below -135°C

25  in a monitored nitrogen refrigerator.

[0082] In contrast to LAK cells, which typically lose their activated state after about 12
hours of preservation in the absence of IL-2, preservation of the activated NK cells of the
present invention surprisingly does not affect the activation state of the cells, even if said
preservation is in the absence of the activating agent. In one embodiment, preservation may

30  occur in excess of 12 hours, more generally in excess of 12 to 18 hours, and preferably in



patient. Thawi ng of frozen cells may be acconplished according to

wel | - known net hods. General thaw ng procedures involve rapidly transferring
the frozewoceill®m4t00 a 37 C water bath and providi ng gentce/Gaotoatsizs unti |
the activated NK cells are conpletely thawed. After thaw ng, the thawed NK
cells may be prepared for admnistration into a patient by adding,
10preferably in a dropw se fasion, pharnaceutically acceptable carriers at
roomtenperature , e.g., to dilute the Egncentration of freeze nedi um

and/ or wash the previously activated NK“Cells. As denonstrated herein, the
cel | popul,atisQre4 @S 3¢ Rurl! BSEREmbBYRINE, A deBlALINKNRl hopabionRlued BLAL €
after such preservation and w thout continued and/ or subsequent exposure to
t he acti viar¢ingnaxderryopAsersed(®,g.iin ngmece vywd) freat lcast hipout élday, eag. opatdgmr ed

for adm nistratiagn in the absence, of 15the.activatjng,agent. Preparation of
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met hod. Fsbouek aivpihe, c.€ efok st Iomy atamit prye@as.gdfdr at lead abait Styleaits] @a af t er
preservation by cell culture and/or refrigeration by one or nore of the

f ol | ov§ ngo08@s hi Adict pes@ltlos, the e8UsRRMMIA thaye peglated foMadmipiaitioaaedt i cal |y
acceptable carrier, and/or containing the cells in suitable delivery
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carrier age idRMitENREMAhLLEI h&hulfiols of L hitk&t iRenGANCRIM that haf Rl sapd/ or
wash the cells free of freeze nmedium |n one enbodi nent, the o

phar maceutfia atdhypressoapiommdew thaut centinued snddmtsabreiedntt gxfosere totheaptivtingvat i ng
agent. WO 2011/004201PCT/ (B2010/ 051135 21 [ 0Q ositions

[0085] Accaleft 81 Dt dh 07 Gl RERelS 1L o Bkl de R PRaR R e abrspee of
conprisi nie activatiag egtniKPrepdrhtsonadfdhacdbll &rrEmenitiatiah htergeeepladbh depeady drer  or

mediumthat is substantially free of the activating ent. The _activated NK
cel |'s exhilpiPreSeryAtLmy reeté?fg r&ﬁ@ﬁ@@&@&%mwﬁey@p&wér}?r@@ngstf%@maﬂsracti vat ed

state evgﬁe@f&ﬁ'ﬁ)n BY @SIEEMALd M/or HhERigaGtibY BY 6k M&&@Iokﬁlen‘@wovhﬁg;%%mngw% y
preserved activated NK cells. In preferred enbodi nents, the Subjec

act i vat edeaNK renispendingdhess és & pomegcatidilbracoaplé eardonpal orgontawingnthe edisi ng
NK cells ; . pre bly, e Sshan: of ic). expressi on
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agent for activating 10 NK cells, the formul ation being f use in treating
2 cancer HiCtAgL O%rga%jﬁaeﬁ@% g uEpPle ARBEReTVE Bt AREBES, %@55&?%@ cgf
sequent i apopuRiohBa@Be vaidinGy aapRled MhEORRTIRREL infhedid@y bAYR BS-h&cd eSi des

in a method for making a ready-to-use infusible fornulation which is free
or basis, e.g., without reactivation or other extensive and/or time-consuming manipulation.

Accordingly, although unnecessary, cells prepared for administration after cryopreservation

25  may be further prepared by the addition, preferably in a dropwise fashion, a pharmaceutically
acceptable carrier at room temperature to, ¢.g., dilute the concentration of and/or wash the cells
free of freeze medium. In one embodiment, the pharmaceutically acceptable carrier is

substantially free of an activating agent.



substantially free of agent for activating NK cells, the nmethod conpri sing,
or consisting of, thawi ng cryopreserved activated NK cells free or

subst ant iwbl2g1foem1of activati ng agent, the 15fornul at i eoTeB200/050135

t her eapeuti c use wi thout co-adm nistration (whether sinultaneous, separate
or sequential) of the activating agent. The infusible fornmulation in this
enbodi nent is ready for i medi ate use w thout any further processing. The

i nfusible formulation may be for use in ireating a cancer. [0086] As

descri bed herein, the activated CD69+CD25+CD1610WCD15+ NK cel |'s of the
20subj ect [gogyent (BRHPBYonsi N CONtrast to LAK cells, be prepared for

admnistration i mmedi ately after preservation, i.e., do not require
reactivatj an i’ - il j i j ent
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al l ogeneic NK cells with respect to the recipient, In_other words,
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may be coll ected by standard techniques fe.q. nventi.onal_a resis). To
i ze pracdels FRS b BRI bRIE T e & ROLETE ARG 1 SRURE b3 eq
apl asit, ®klepenel &rhahilicn bowe e usdepltehdd DanderGitiost coEatmiaxaniingwhther cel |
preparation may be depleted of CD3+ T-cells using m crobeads conjugated

wi t h mono¥M8HaIcoWD 38 AheT SCasnhiahahhepstving Bedy: aRgmacdecnt ddhety Fien

devi ce (SHGReAR al&hdd fob BRAKIneBIr@iB %o s MHMMIS Rt R Whichad geL bon devi ce).

[ 0089] However, NK cells produced By such "negative sel ection” procedures

al one do swbstaiizally feecioif gent égnetevapihg Pilir ¢ally, thamethag chmpuong. ancomststidgef,t h T

and B cel bl Aonal. 0oL REETTAALY I LD aHL Ol RIS, SShLd Agy LgTRYl Of
such cell s is~a nt'ageous 1 n the al'l ogeneic settings con r’r%a’ted

herei s | forratldesn bang & ticecapeouticant nathowrkp-ddininistrapioa $whétRertsimalbinadus, an NK
cell preparation by direct imunomagneti ¢ separation, for exanp] e.on the
basi s of CPEBLEK? GibH0! A e ditean Sl@@fjpm%ﬁt%rw 4t F {%?d“%lﬁ‘ét is
product nRYq4pRrfepthedisé Rithsdoddy ﬁﬁihklsp&_&éggingx AP Busitié REmERAofr kG bamgt
anti-FITC beads). [0090]Prior to activation by the activating agent, the NK

cel | prepecar roringeycaneitpr i se at
[0086] As described herein, the activated CD69+CD25+CD16°“CD15+ NK cells of the
20  subject invention may, in contrast to LAK cells, be prepared for administration immediately
after preservation, i.e., do not require reactivation, and do not require co-administration of the
activating agent either simultancously or sequentially. Accordingly, in one embodiment, the
pharmaceutical composition comprises activated NK cells prepared for administration in a

pharmaceutically acceptable carrier or medium that is substantially free of activating agent.

25 [0087] In one embodiment, the activated NK cells may comprise or consist essentially of
autologous and/or allogeneic NK cells with respect to the recipient. In other words, autologous
NK cells may be obtained from peripheral blood of the recipient. Allogeneic NK cells may be
partially or fully HLA mismatched, and may be obtained from peripheral blood from a donor

individual, or multiple donors.



15| east 80% at |east 90% at |east 95% or at |east 98% CD56+ cells. In
anot her enbodi nent, prior to activation by the activating agent, the NK
cel | prepaoaviian4zvmry conprise |less than 15% |ess than ?0%GH20e8®5113an 5% or
| ess than 3% CD3+ cells. A skilled artisan will recognize that in an

aut ol ogous setting, T cell content is irrelevant, and as such, non-sel ected
NK cells nay be used. 20 [0091] The CD69+CD25+CD1610WCD15+ activated NK
cells of the subject invention surprisi 2gl y retain their activated state
even after preservation and in the abseriCe of the activating agent, and
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previ ousl ted K cells, in acce carriers
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ef f ecti ve.,das&ion BYo TRAIRF FRGQ! PYLIE &nkamiBEd iC ie \pPo RIDHRY be @pleted for CD3+
"pharmacol ogi cal |y effective dose” is an anount sufficient to produce the

desired ptejisiior oxpnudd useig €BB FEFC andemt- FUApbdakde. of achi evi ng the desired
result, particularly for treating the disorder or di sease condition,
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regardl ess of nprovenent is realized har macol ogi cal Iy eryf ective
dose, as w@efli ned above, will also apply to therapeutl c conpounds used in
conmbi nation with the cells, as further descri bed bel ow. [0094] The

phar n¥Ht eut008H cthGﬁ@fGBQSWZIDw"gvfé?ilierSalabtyvamdrTﬁKrcsl@  thhabeteutitoal | y

acceptabl e carrier  an har ctiv t of Fe subj ect
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gener al | yactioatngl st edaaithe0duhbOited r&dSREI0E afdlSs su@@d’q@&ﬂb&ntaﬂdmﬂi ther
formul ations known in the art.

activating agent prior to or during medical use. Accordingly, the pharmaceutical compositions

disclosed herein comprise such previously-activated NK cells in pharmaceutically acceptable

25  carriers that are substantially free of the activating agent. The subject NK cells exhibit
prolonged activity (i.c., retain their activated state after preservation in the absence of the

activating agent) despite preservation by, ¢.g., cell culture, cryopreservation, refrigeration, and

the like.

[0092] In one embodiment, a pharmaceutical composition disclosed herein comprises a

30  thawed cell population comprising activated NK cells that retain their activated state after



[ 0095] As used herein, "pharmaceutically acceptable carrier"” conprises any
of the standard pharnmaceutically accepted carriers known to those of

ordi nary wbi2bl/domothe art in formul ating pharnmaceuti cal pcorgBesindsorss. Thus,
the activated NK cells may be prepared as formulations in
25pharmaceutically acceptable diluents; for exanple, saline, phosphate
buffer saline (PBS), aqueous ethanol, or solutions of glucose, mannitol,
dextran, propylene glycol, oils (e.g., ggetable oils, animal oils,
synthetic oils, etc.), mcrocrystalline“cellul ose, carboxynethyl cellul ose,
hydr oxyl pﬁt@&)‘vatl'gﬁtnh‘bﬁle 26&hELHARE act%lgrfge B34 Q%ﬁ&geeuﬁ@z{l? MBS PRALE,

gel atin, polysorbate 80 or the |1 as solid fornulations in

appropri awberemcthq)ﬂlewc@cell M@GQ&&G@F@@&P@Td@@@@tﬂ&lefﬁstlmqmgﬁﬂ The
pharnaceut

ften further conprise one or nore buffer
(e.g., néﬁIV%FdE&?$2$§Ht§arFﬁ@et(gﬁﬂggphgte buffe?gdlgallne) carbohygrate:
t i tol
boi ypepti WIT0;  The AGSGinoa sl GRyar et FRERr AR EhEh Sumine ¢
acid, s od¢rulmleraatyab |a8dd)|rddnE@W1th lét)l)’\}eﬁﬁ@dﬂ Phodeduixyst foF the Pestictildi pirpéLdGenerally,

hydroxyanlsole , bacteriostats, chelatin % agents such as EDTA or
gl ut at hi ofeead @@FSERY% ﬂt‘%‘éﬂus fartbrspp Ut PRIpPYRS the PRI AFsEVemtte, Phaymsselogicellyr

veakly hy&?erc{l(?@&&e%)tl gbhraﬁﬁacla MIIQETf@ctlfvgﬁanhﬁnBr ”ﬁl‘éﬁl?ﬁ@e tgﬁgllflgﬁ&:ttl%e dose"

t hi ckeni ng agents, ervatl avoring agents, sweefening agents, and
col ori ng E@Hpmmnmuﬁfw@pprmpducatﬂﬁ de[smﬂﬁﬁliyvﬂbildgs:ahc@ecs orf aradning camableiodr known
to those o) 8 i oyed in

comost t1 et MEHBEISHEE gl Gitn g B g RRL QYRR Rl moinetiine e
of adry ni stiidihd eclimihinghae apeidtd SniRROSH hardfisStatidhy olf ehel dNonddr at ededsorasany
appropriate_manner of adm nistration, including for exanpl e, oral, nasal,

mucosal , #elpsratiop.agnvaistration s eglfs to ppeticnl sHETEE fiom sanseire e therapeutic

'ntrader”kaﬁ§&#%ﬁ5@ﬂﬁﬁ%ﬁamﬁ@ﬂ,mg%&%mm%&gEﬁﬁuﬁ%ﬁb?h§&ﬁ@%&@ﬁnﬁL@Q%@bf@k
parenteral adm nistration, the conpositions can be prepared for

adni ni st rmtlue@trren@‘@sa_ den}eejts%tlabheesed@rgageéur@ﬁoraof%df st ome pssgeigipeémsthdle of t he
substancei 5) aT%e% éugicg%}eler I :al 1nc U Cgilalplng ord sllé)wultengtthc%m %r%%ressupn c?fr the und‘é\rl\léltné

carrier t(flla can qul d suc rogen
oi I's, 15al dinease gf Jiceda] regzli)dleyﬁtﬂwﬂeﬂfw irgprycaherd is retlivan dfharrﬂdﬂﬂdg@ﬂﬁleffyqtlve

auxi | iary substapces, such as wetting or enulsif ents, . surfac

pH buf f er §95g S (B BRArADBYS. AHH bR &P ke TeRRe s %F@@éﬁg%ﬁﬁ‘f{g’é‘cﬂ‘?ﬁ’@w{lﬁ%}‘{gh her
conmponent &19f as AR IBERHbEFRIw ONPOSi tions are 20t hose of petrol eum ani ma
veget abl e, or synthetic origin, for exanple, non-aqueous sol utions of

peanut oi ﬂ009§oyb?ﬂ9pﬂiﬂnac&19[:£l o8} hosﬁ&ltstv@ﬁ%@ﬁéiialgj éomﬁfs@ﬁl hAhBRL Rical

i sopr opyl nyrlstate ar maceut ical conp03|t|ons descri ed herein
may be pra@sepitide carnem:mdta_mhggeacglo gically effective amount of the subject CD69+CD25+

20 CDI16"VCDI15+ NK cells. The pharmaceutical composition may be generally formulated as

solutions, suspensions, acrosols and other formulations known in the art.

[0095] As used herein, "pharmaceutically acceptable carrier' comprises any of the standard
pharmaceutically accepted carriers known to those of ordinary skill in the art in formulating
pharmaceutical compositions. Thus, the activated NK cells may be prepared as formulations in
25  pharmaceutically acceptable diluents; for example, saline, phosphate buffer saline (PBS),
aqueous cthanol, or solutions of glucose, mannitol, dextran, propylene glycol, oils (e.g.,
vegetable oils, animal oils, synthetic oils, etc.), microcrystalline cellulose, carboxymethyl
cellulose, hydroxylpropyl methyl cellulose, magnesium stearate, calcium phosphate, gelatin,

polysorbate 80 or the like, or as solid formulations in appropriate excipients.



mul ti-dose containers, such as seal ed infusion bags, anpoules or vials.
Such containers are typically sealed in such a way to preserve the
sterilitywendigtadil ity of the fornulation until use. 2PCmaposvEhi3s
formul ati ons may be preserved as suspensions, solutions or enulsions in
oily or aqueous vehicles, as indicated above. Alternatively, a

phar maceuti cal conposition may be preserved in a freeze-dried condition
requiring only the addition of a sterilg liquid carrier imrediately prior
to use. In a preferred enbodi nent, a ph #maceut i cal conposition is provided
conpri si nﬂ)0§g]e aghi ﬁﬁirﬁ%éﬂ‘ﬁcﬁ%bh%oﬂ&@ Riiff SEN ﬁgﬂfelnccﬁnﬁdé% bAbbEmore buffers
cryopreservation medi um which can then be thawed and prepared as needed
for adm niest rmetiirdrputfored S;datel & rphOSphM@bBﬁfQIft(ﬂ sﬂmzn w@m@mm@/g;@m«w 25

[ 00100] The amount adm n 3 L th e. host % % gé ool

i s bei ng A8M%AT SP%P%%‘” & éan;% FEEELe oRrOHE %d?ﬁli’eﬂ?u 1%?5 Ao a"é SHohE'E Jik®

pr ophyl axasioidahith €. @ pyscotbivercit, abdHudimdtdtesulfs t butylied Hﬁﬁﬁﬁy’to aéne, butylated

adm ni stratjon, the nu of ad istrations, interval betwe

adni ni St r Bdrewaniseg e ﬂgawﬁwtmr @%&gelﬁéwétaéﬁla%ar %Htﬁthﬂqn@awhg}%@la& hose

ski |l ed | anddenfotmafich ABnkenARIdR Schdaly tpenid &k upfbid e thespRRUT I ©

response. Factors to consider in detern1n|ng an appropriate dose 1 ncl ude,

but is notuspindingegents, thlsk@@lgaagdnmrg&ma@m Hevaginlgjagetts, stvietcaige aganth, gk  of

t he subject t he sev synptom the stage of the disease, nethod

of dellverldn%g%ﬁg%a&%ﬁ?%pﬁ Péﬂglfe of the agents and efficacy of the

agents. of dlse to.con nsi d |nc d her the d| ease i's
S@ﬂ?ﬁn. 1By SRR R SRR Ry g s

acute or ng ase lﬁpr ogre SI veness

of the di aBgsRed ih @mahlpoa@bﬁsr mertylftgoﬂcaﬁledaslag@&;anyldaryldarp@dﬁfg GadtAd Modé bAt i on
for a therapeutical effective amount are well within the skill of the
ordi nary eRBisHatiqy. Fﬁ%thsweutwcfpn@%mm%mﬂ?ﬁ formplptgy ferrany approprizie 8ned Rt pe
esti mat ed, f iR &l m%Hﬂdidgerr QlanidI6Fal i RAsi hiiQsASRAUE vadin8ORBicaR httb&dube
formulated in animal nodels to generate a circulating concentration or

ti ssue comtrepraritenchl mtrad@inat sulhutegeeusasndohtraeschies admigisttetiar. i ned by t he
cell culture assays. [00102] In addition, toxicity and therapeutic efficacy
are gener Q098] deFermﬂﬂEdabymdehﬂmmeunemQS@ayscamUHpmpmsdﬁgaémpéﬁmﬁmmta
ani , Ly b n %.0of.. t he test
popul 1t | oy Riskiab edosstet tier e afpyEr i VENeSE IR A bBydR e T est

popul at i ogtkeptéble dnmewith afphuthcbitical @ndtaiicht caf &y eaetlc Wanidsuc arst@danpl e,
Goodman & G Il man's The 20Pharnacol ogi cal Basis of Therapeutics, 10th_ Ed.

(Har dman, PY7oges frespwalgr, oilse sling. glyaerolyalyqthylenqesly cpbpiethagoly Addsimnally. apyana)
For the PHHLRARES, Ath Sg\b@nlhagﬁé}ﬁﬁlgﬂ'm% gﬁn@&f?ﬂ@ﬁn@%f@ﬁﬁ%&i tsﬁ@sttérf%@s ﬁ{dethe

chosen dependi ng on the condition ng treated and the form of
pharnaceuhhnahtEanOSMmp@nsmnmmﬂKthumamDOﬂﬁméﬁﬂhemmwmmab@umnﬁnmomwnunds

can dope. d riet wa Lngl udi Zonot i m
cubcuttanenist f PErEbintof riERBic, POSLHRLE Ry r SRRbe moBbiEt ooy

possi bly dﬁk&@ﬁoﬂﬂk@B&mﬂﬂlb@n$ﬂ$&ﬁ%h&ﬂd©ﬂgﬁmﬁO&M&hamﬁwﬁpgpwmﬁﬁﬁ&&ﬂ or bone
marrow, al though systemic admnistration is preferred. Adm nistration of

the phar npoe9yt i cahe pRIIMAGtic£REMPBYItIRIR dektridY@ herdinghayBeepréRite i®iinit-dose or
concurrently by several routes.
multi-dose containers, such as sealed infusion bags, ampoules or vials. Such containers are
typically sealed in such a way to preserve the sterility and stability of the formulation until use.
25  In general, formulations may be preserved as suspensions, solutions or emulsions in oily or
aqueous vehicles, as indicated above. Alternatively, a pharmaceutical composition may be
preserved in a freeze-dried condition requiring only the addition of a sterile liquid carrier
immediately prior to use. In a preferred embodiment, a pharmaceutical composition is provided

comprising the activated NK cells cryopreserved in a suitable cryopreservation medium, which

30  can then be thawed and prepared as needed for administration to a patient.



WO 2011/ 004201PCT/ GB2010/ 051135 26 treated and the judgnent of the
prescribing physician. In a preferred enbodi nent, the cells are

adm ni st ewedoimmexbiat el y after preservation [00105] Pri ecTiGB20roasirsent with
the conposition, the patient nmay receive sone pre-treatnent, for exanple,
to de-bul k the tunor and/or inmunosuppress the patient. This may be
achieved, 5 for exanple, by chenotherapy. [00106] It is possible to obtain
primary tunmor cells frompatients at tlgg of di agnosis and to cryopreserve
these as viable single cell suspensions: is thus possible for a

conposi ti P'ﬁlﬁﬁ corfll RgohR aHB‘ﬁnétE%@ B dhe 'ﬂo§t QVlﬁ) @a@%{a&ﬂlﬂgrhp\éh Wit RRINPST

patient blasts. This could be done before enbarking on a treatnent regine,
to gauge admensteredathiciputpesodf thhedmppteticth suchhe mmhb'elb(&tqrdmrw hotshee ofabal t s
of the in% {Rro stud a d tge co}{es nd| cl ancal r e to treatnent
may al so D& }h%%lt‘ne& (<o ﬁi"é‘?f et‘H i RELET O L ‘?ﬁ%‘ i8ns of the
present i z{ﬁnﬁﬁigtrﬂ[bnﬁ’ﬁemdbl& M&etﬂhetsl chebd aettﬂﬁnncet @piri¢ally dy MR ﬁﬁlﬂﬁdﬂ in theaitr eat
or prevent a di sease, ncer. Prior to treatnent with the

conpos] t | YK, MPhie Mseérf?r yxtﬁefdé‘.ﬂtﬁetheraweﬂlﬁrrepe?seat%m to qogpidendnpl e, to

de-bul k tfig. rﬁﬁr’ﬂﬁ hn W{a@é dds® i MM NAR WORS BiSded S sﬁ@%ﬁ@{%vghteofghe sd%}’ect

chenot her apy. rthernore, activated NK cel pr epar ed
admi ni st rée iaefnandnseK héthabsle n@eth@ﬁevantyatftthwmnmgnage Fttagm@fyh@élsmednqthpct d¢fe

”?"”“f act U%Eﬁdg‘i’fg]t mdleﬁtagelp Elfe Hine { agﬁe{l{sr n%:[ g%% %1% %ggltsd IS?@%%%?EIC dhi S%Q qg ]

Di sease 2 present invention s e unexp ected
finding thﬁﬁﬁ&ﬂnéﬁ&g&ﬂ&ﬂ&rﬂ&cmehkﬁsamn¢veﬂedn@ydqmu@gnumanumgpM@@mhd&e

di scl osed herei.n, CD15+ LAK-resistant tunor cell, may confer
simlH CWP%F§$Y%w§%tﬂVVfVmFb an endogenous NK cells. Accordingly, also
described herein is a nethod of stlnulatln%pendo?enous NK cel | act|V|ty in

a pati ent (000 eefPeterpimings the dosges adiignes ghpdmuisépfionyfor @ thesrnsuticlly sHectiye

popul at i oghQfnt RleSVdIOMRHiY TRk IV R oltkha f)ér§onaﬁtﬂkba§rt %Pé;&h{pleaaﬁjﬁﬁ@éﬂ e and
prolonged anti-tunmor activity despite preservatlon and advant ageousl vy,

Wi t hout té¢féechieedostgan beestimatedtfram cw ¢iitursoer adrer i m gltrpattsaacm Aoflost leen ther beat i ng

agent itsglf i.ch.rajse tent| t.oX nogeni_ci ssues.
"o pr ef er pui il shibE| S50 PE ElbGia SECRRN e aln bERRIBRRF Bl s
and n¥ e peebrgakdtyf ﬁtleiﬁs()@Dd&I‘értmaﬂﬂb}GBe 161 Oulture assays.

[00102] In addition, toxicity and therapeutic efficacy are generally determined by cell culture
assays and/or using experimental animals, typically by determining a LDsg (lethal dose to 50%
of the test population) and EDs (therapeutically effectiveness in 50% of the test population).
Guidance is found in standard reference works, for example, Goodman & Gilman's The

20  Pharmacological Basis of Therapeutics, 10™ Ed. (Hardman, J. G. et al., eds.) McGraw-Hill,
New York, N.Y. (2001).

[00103] For the purposes of this invention, the methods of administration are chosen
depending on the condition being treated and the form of the pharmaceutical compositions.
Administration of the therapeutic compounds can be done in a variety of ways, including, but
25  not limited to, subcutanecously, intravenously, intraperitoneally, intramuscularly, and possibly
direct injection to specified organs such as e.g., spleen or bone marrow, although systemic
administration is preferred. Administration of the pharmaceutical compositions may be through

a single route or concurrently by several routes.

[00104] The compositions may be administered once per day, a few or several times per day,

30  or even multiple times per day, depending upon, among other things, the indication being



WO 2011/ 004201PCT/ GB2010/ 051135 27 [00111] In one enbodi nent, the
endogenous NK cell activity is anti-tunor activity. In another enbodi nent,
cytol yti cweebimiotzo1i s conferred to an endogenous NK cel lpcreBotomsorssbeari ng
host. In another series of enbodinents, cytolytic activity is conferred to
an endogenous NK cells in the presence of tunmor cells, including tunor cell
fragnments. Such 5tunor cells, including tunor cell fragnents, nay originate
froma primary tunor, netastases, or frgg an ex vivo source. [00112] An
ordinarily skilled artisan will recogni that that preserved popul ation as
des cri b edtr@a@écﬁdnﬁ’thcaﬁdm&ﬂt O@ﬁletﬂF&cHﬁthgys@Jiaﬁ tI_h %r&%ﬁé@etﬁ%ﬁ&ﬁ%@ c@ll_ﬁ &€ I
activity, nmay be used ' to treat or préevent a disease or nedical condition,
in parti calnanisteoainoenedididig picrarescabbot 10200 di fferent types of cancer. A
list of types of cancer are well-known and avail able (for exanple, see the
website f@0103 e Rssowit@bingmt with@anwerpobnbn, ke Resotungesceine sdnneprogtesiniont,f or
Cancer Research . UK). [0 3] _Sone, nmore common cancer.s include. | eykaen a
(acute and® SHPOHTC) de BIE Ao LmOR AR e BRse e Co ol Boves S

(col orect Rk ceamnievy chbhathbrap@ancer, breast cancer, cervical 15cancer,
oesophageal cancer, Hodgkin's |ynphoma, kidney cancer, liver cancer, |ung
cancer, nR9PddIe! 1A BossIBW thioBlagh PRBASQ TBnoNREO ROA pARERakt HANERIiagnosis and to

non- Hodgki n' s | ynphona, ovarian cancer, pancreatic cancer, penile cancer,
prost at e @xeRIeseIvestiRess ag Fiablsrsinghaegclrarnsnsees. Hohthye Pasitisalor 8 pmpesitisye
carcino C: - - - :

endonet p?%ﬁcg@g{r%(r:tg?}.lel n&%g?ttﬂ; gi‘lteggé,ﬁnﬁ%tég%%d(r}rlg%g?tﬁﬁ%h@étgi sc (gbglgddﬁeﬂ%rn Sibﬁforrreay be
usef ul t oerhbalking any ti2BcEncegimh)itcgauigs ttacoadsiitylof tteamphidacteThs cofrd@idddf | n

one enbodinment. t cancer a haenmj.ol agi.cal mal i gnan such. a
oukalin st Rt s Sidfs SARGS b e fetvatmans SHE ooty ARG Fos Mg e
Myel onma i mvestightegur abl e and fatal malignancy. NK activity against nyel oma
plasma cells I's docunented in vitro and enhanced NK activity agai nst

aut ol ogoumoIyAa! OMhe pRIrhBcdifisal 29mPEEHors RO PJré&chidhy @ iBh EnaiHeRisé EiRRRAUREN O
treatment with Thal i1 dom de derivatives. Myel oma patients are generally

young ande-£4 i aenedigfnent ta i poic et 8ldsgiase- fraeanatio Poioeto tecagpaningtd|the

transpl an&oqﬁ\}%ogfgiaﬂ,gge ?ﬁ}éh{jmﬁz ge%%ilvé( s4hd ?Lregtpeaﬁn%nﬁsf& é;{%ﬁﬁé, Yoede]?%lﬁ? g%%%gc& S

t he one pro e pre I nventi on el er al one or

aut ol fgousmdhenaimpon@tpeesttenpaeht, cir, dpshdmothatpyon.
[00108] Furthermore, activated NK cells prepared for administration in the absence of an
activating agent may be used in the manufacture of a medicament for the treatment of such

diseases.
[00109] Disease

20  [00110] The present invention is also based on the unexpected finding that an exogenous NK
cells activated by an activating agent as disclosed herein, e.g., a CD15" LAK-resistant tumor
cell, may confer similar cytolytic activity to an endogenous NK cells. Accordingly, also
described herein is a method of stimulating endogenous NK cell activity in a patient in need
thereof, comprising administering to said patient a population of previously-activated NK cells

25  that exhibit a durable and prolonged anti-tumor activity despite preservation, and
advantageously, without the need for reactivation with co-administration of the activating agent
itself, which raises potential toxicity and/or immunogenicity issues. In preferred embodiments,
the activated NK cells are CD69+ and/or CD25+, and more preferably also CD15+ and
CD16"".



WO 2011/ 004201PCT/ GB2010/ 051135 28 [00116] Post transpl ant

| ynphoproliferative disease (PTLD) is a serious and rel atively comon

conpl i catwonoafdezorsol i d organ transplantati on and T celpcTiGBIOOIshBsapy i s
currently under trial with good success but is extrenely expensive and
technically difficult and thus restricted in its application. Therapy using
NK cells activated according to the present invention 5therapy woul d be
easy and safe in this group of patients [00117] In addition the
conposition nmay be used to treat solid {2 nors such as breast cancer.

[00118] T glpf]ocﬁgweeerﬁlﬁ)dﬂﬁélltt'tﬁyérﬁfogé’noﬁyl\]{[{a(géllleacﬁ{ﬁt)l s 8at-tube deBoigtignt
tunors. rmal, non CD 15+ LAK-resiStant tunor | -stinulated NK cells can
spont aneoam)ﬂ;br blylbedlmome cYiolytin actomty isgoniertedrim ay edogenous INKo el iaragumor-

NK-r esi st ’ ant used. herein, therefore |cat es tunor
ol |51 osPRtin O I GloPe? iies BF iSO R F iSon i ffor

cell -sti n&ﬂdag@ﬂuMKC@IubmthE @&@a&k oftn®¢ pLId, iethdatpovor edthfrddinidnan Sath

NK- medj at ed lysis.is controll expressi.an of specific MHC cl ass |

mol ecul estUBIT EHE tnglugivg taapr cei’i&aga@@ts 1BAY PHHOIE O JRIANEY TRy BCRFEsSEWY

di stinct g&gtég%ngml-ﬂﬁﬁcg alleles with regard to NK cell recognition. Some
tunors express both 15 types of HLA-C allele, which is thought to nake them
resi stant K- ' : e express
bot h gr oulor At Ry LT arg M S BT s B TR LG P, 28
such as R@sm@ddlemmds wekt ps &Esndjhﬂdwftsypmbttlog emlgge@ualNI@b@ actisiy , ngay[bwem
useful nodel

i i st ret T b HER ekt i ieaf Moo PRl SRESERPE WALy

20al s be2gor &t pdshorohdver. A hier dpiet b€ cagarirs welkkaben adatafletiapeut i
agents i ncl ude agents that enhance NK activit Such enhanci ng agents are
wel | knowfFamRIe Ke tBF vebsishon haiisiasttier ahipracsr éphlw%%ogﬁ%ﬁbthﬁdveéamo

i nclude thalioRedden@rd. i ts i munonodul atory (I Md) analogs (e.g.,

| enal i dom de, Revlimd, CC 5013, CC-4047, ACTIMD, see, e.g., Wi et al.
(2008) d n : ( I 5,
(2008) G joy1f7anShe R -k n 30D FhindUAKIAER (B and bl bdler o™

si mul t anebmslcyn@r (cseqwemnnzal Bywdali(¢dorcttel ddicark lbkan emtcey btced ctmx:eexhwbuat

dur ab activit n 001 The inyention now be
further degf %e‘éapafbaﬁe%?csrf it %ﬂﬁ(f&@%}  fithey Phet o EXAivpi it sty
further inkdssicliaie, mﬁlﬁplenﬂﬁr[dm@m,as@h&ya @l Biced, RbeAdagkin' O Bimhbau| evakihey be
interpreted to, lim.t the scope of thelnventlon WO

2011/ 00 42@13}%?2@%&@?@59}13@116 cancer, prostate cancer, skin cancer (melanoma and non-

melanoma) soft tissue carcinoma, gastric cancer, testicular cancer, thyroid cancer and
endometrial cancer. In particular, the compositions disclosed herein may be useful to treat any

20  cancer which is accessible to NK cells.

[00114] In one embodiment, the cancer may be a hacmatological malignancy, such as

leukaecmia (AML); Chronic lymphocytic leukemia (CLL); Lymphoma.

[00115] Myeloma is an incurable and fatal malignancy. NK activity against myeloma plasma
cells is documented in vitro and enhanced NK activity against autologous myeloma cells has

25  been shown to correlate with response to treatment with Thalidomide derivatives. Myeloma
patients are generally young and fit enough to undergo autologous haematopoietic stem cell
transplantation and could readily undergo a less invasive procedure such as the one provided by
the present invention cither alone or following autologous hematopoictic stem cell

transplantation.



29 [00122] Exanples [00123] Exanple 1: Lewis X (CD15) Expression on
Leukem c Cells Medi ates Sustained Natural Killer Cell Primng and Tunor
Lysis 5[ 0Wd2411/069%11, SEM and M/-411 prim ng of NK cel lpeTIGBE208)/050138
sust ai ned and durabl e activation state whereby activated NK cells retain
the ability to lyse NK-resistant tunors even after preservation. Such
activated NK cells prepared for admnistration after preservation offers an
easy clinical application since such preparation does not require exposure
to or reactivation with an activating ag nt. 10 [00125] Exanpl e

1. 1Materi ?bglgndP%}tﬂaﬁgﬁm{t %@bromﬂwee‘dlg@a d(i’TLﬁ? sa Aehgﬁssarﬁlqglaﬂ:@éll culture

reagents 127] Al cell I'ines were obtained fromt DSMZ, Braunschmelg
CGer many osonimenedn@dicationaften solidkorgmdtrawplenteech asl ¥ eqihmmnmﬁdrdpy i$ qrgrently
reposi tor s, .originall d.to d origin,
bt has s PRy TR LS Bl DBl e i BB b e g e dhi Al
with nyel mt«ﬂlcn‘e&ai it gplitarah. Expagssas N0 cdbs actiOfdLBcordney G pricstat insedat her
CD 15+ ALL Iline h t he t(4 11) transl gcation. [00129] W-411 is a

bi - phehot PEieRY epiksbercesy: anthsatedp this grpup 6hBHESt i ¢ | eukemi a. [00130] MOLT- 16
and PF-382 are both CD15-ve ALL |ines. The RAHIline is a B cell line
derived fR8MHA néhaddgamhancerypsisioranahs ysed & frabiakidypness sudasrhseisseans:

line. K562 cells are 20 prototypically NK-sensitive and are derived froman
eryt hrobl B81H8ld Tear@stdire DupABuledy seitablcetodisrt e resistt atupors Natrealt ipior

epi thel i %D??wt LEK-I%HJ I%a tﬁgmﬁéd%mgg%wﬁe%ell@ cﬁpg) gﬁhé/oqggq?set%me human

trypsini zation at confluence. I's "ar erived froma patient
wi t h nyel omars, Aﬁd—ﬂﬁ%y(mhdmurame acheNKwesjstarttomI{-ln@lspmtl pheedherbinpbdretifre,a

patie mnth sma cell le 00131 cultures were

ot 1t et FRECBRAT f irl € Doy ORETe: foiel B S ReA S e Tetbpl enent e
w th 10% &GStimudesd 8Kl deliy (100 i.u.) and streptonycin (100 i.u.) (al
supplied by Invitrogen, Paisley, Scotland). Al cells were maintained in

cont i NUOURO$1HHPENSicRMalmbd hyve, RRMitharor &K ﬁfédia&d@%@&@%@ﬁthﬁied%&@%t@ss@iﬁﬁe
prior to use a stinulator or target cells. [00132] Exaq?
Ant i bodi ewecific MHC class I molecules on the target cell surface, particularly LA-C There are two
distinct groups of HLA-C alleles with regard to NK cell recognition. Some tumors express both
15  types of HLA-C allele, which is thought to make them resistant to NK-mediated lysis. "NK
resistant” cells may, therefore express both groups of class I allele. Some leukemia/lymphoma-

derived cell lines, such as Raji and Daudi express both types of HLA-C allele, making them

useful models for NK-resistant tumor cells in vivo.

[00120] A patient administered with a pharmaceutical composition as disclosed herein may
20  also be treated with other therapeutic agents. Preferred therapeutic agents include agents that
enhance NK activity. Such enhancing agents are well known in the art. Non-limiting examples
of such enhancing agents include thalidomide and its immunomodulatory (IMid) analogs (e.g.,
lenalidomide, Revlimid, CC-5013, CC-4047, ACTIMID,; see, e.g., Wu et al. (2008) Clin.
Cancer Res. 14:4650-7), cytokines (c.g., IL-2, IL-12, IL-15, IL-18, CCLS), etc. The other
25  therapeutic agents may be administered simultaneously or sequentially with the NK cells

activated to exhibit durable activity as disclosed herein.

[00121] The invention will now be further described by way of the following non-limiting
examples which further illustrate the invention, and are not intended, nor should they be

interpreted to, limit the scope of the invention.



WO 2011/ 004201PCT/ GB2010/ 051135 30 [00133] Anti-CD15 anti body (clone
MEML58), anti-CD49f anti body (clone 4F10) and anti-CD56 anti body (clone
NCAM 16. 2yoweroetatai ned from Serotec UK Ltd (Oxford, UgrT/de20dds)i3Exanpl e
1.1.3: Imunophenotyping [00135] To anal yze cell surface antigen
expression, 105 cells in 100 | HBSS were incubated 5 with fluorochrone
conj ugat ed nonocl onal anti bodi es at the manufacturer's reconmended
concentration for 15 mn at roomtenpera ure. After washing the cells were
anal yzed by flow cytonetry (FACSCalibur “with Cell Quest software, Becton

Di ckinson, UK). Forward and side |ight scatter characteristics were used to
gate on the vi abI e | ynphocyte popul ati on before acquisition of at | east

10, 000 ce @}"%ﬂ' %Osanpl e. Al fluorochronme conjugated mAbs were 10
purchased E’ W ey, UK) or Beckman Coulter (H gh Wconbe, UK).

[ 00136] Ergi S ¥

activati E@ﬁ 613%‘&21@63 isa]?r%?lgll(g Iﬁas) 0 a{'%rs]eﬁ Oﬁelféﬁ&el%%dc Elﬁgﬁ %%‘?i‘geg%{“ gilfl]‘f{nrea
r esear ch Natuoal Killet € ell Priming\antlddneerkdeysisa. Fresh hepari ni sed peri pheral
bl ood sanpl es were obtained from nornal heal thy, volunteer donors.

Per i pher ajoob24)od CToROBEN ead MEH1S priRBMCs) NKeeBs iesdl tatedstdiinahandatugatse 15
bl ood by disconti nuo s densjt r adi ent se aration (L hopr ep, Nyconed,
UK) and stSBatied's i e%ectaa%eﬁ%ﬁﬂsa@?eﬁ ﬂitxi@éfseﬁirﬁpyeﬁttan MOTSRYFR

i ncubat edafad: pRtsdvdticht I9Teh 8LtRhicIS0 AR e a?etd' f@r Xﬁrﬁlﬂls{rﬁtﬁ(ﬁlddﬂ%? Bisdr3QRhoffers
stimul at or ceIIs for up to 20 hours at 37 C and in a 5% CO2 at nosphere.

[00138] GGy elini@bepplitaen st suciypicparpiion ddce dotf reguncRBISUST toORBNBCEYdtional t or
cel | 20cog, ect imunonegnetic separation with CD56 Miltisort
kit (MI te%%ﬁg Q’t%mgg %![el{ many) with or w thout subsequent depletion with

CD3 FTC nt | FIT ted cells were confirnmed as >98%
CD56+ andﬁslavx%'usj mgepfﬁ?'d&n %m@gfre Flrsred as <3% CD3+ and resuspended in

o e oongea" L ?ﬂ Lﬁhlof?térﬁff A CAESfReF a”dl e ?”32203’??3} " e
1.1.5: NK 4
suspended[(’%h%\/l 1 %Werﬁo Fatne f%q“héﬁﬁs%%ﬁg P’}e/\*bso ag}%ﬁ)alr\llgf’gg "[;

of 1X106 c&ldos/ vk aﬁﬂ!dumﬁ@&m*e&dma&nd%&b mer@%@tto@.? ”I(Be@‘ldﬂl Nind wa¥e £&Rally

at nosphere. WO 2011/ 004201PCT/ GB2010/ 05113
reported to be of myeloid origin, but has recently been shown to be an acute lymphoblastoid

15  leukemia (ALL) with myeloid features that expresses CD15.
[00128] The SEM line is another CD15+ ALL line with the t(4;11) translocation.
[00129] MV-411 is a bi-phenotypic CD15+ t(4;11) acute myelomonocytic leukemia.

[00130] MOLT-16 and PF-382 are both CD15-ve ALL lines. The RAJI line is a B ¢cell line
derived from a non-Hodgkin lymphoma and is a prototypical NK-resistant line. K562 cells are
20  prototypically NK-sensitive and are derived from an erythroblastoid leukemia. DU145 cells are
derived from a prostate tumor epithelial cells, cultured as adherent cells and harvested by
trypsinization at confluence. RPMI8226 cells are derived from a patient with myeloma.

ARH77 cells are derived from the peripheral blood of a patient with plasma cell leukemia.

[00131]  All cell cultures were maintained in Complete Media (CM) consisting of RPMI
25 1640 supplemented with 10% FCS , penicillin (100 i.u.) and streptomycin (100 i.u.) (all
supplied by Invitrogen, Paisley, Scotland). All cells were maintained in continuous suspension

culture and harvested in exponential growth phase prior to use a stimulator or target cells.

[00132] Example 1.1.2;: Antibodies



31 [00141] Exanple 1.1.6: Analysis of intracellular protein phosphoryl ation
by flow cytonmetry [00142] Purified NK cells were pre-labelled with

f | uor ochrwoeetianjegat ed anti - CD3 and anti-CD56 to al | owpcaas2fosatsson of
the cells when subsequently m xed with irradiated 5 stinulator cells.

Stinul ator:responder cell mxtures were incubated at 37 C for the
prescribed periods and NK cell activation was stopped by addition of
Cytofix buffer (BD'S, Oxford, UK) and igﬁubation for 10 mn.

Perneabi l i sation was by ice-cold PermBdffer 111 (BD'S, Oxford, UK) for 30
mm ol I oufyi iy WashicIo1d thiBha) (IR NIEN 1 SEDL: c@@pmlbowcl&@%ﬁ@saﬁapenm on

in the same buffer. Sanples were then incubated with the specific antibody
t o t he phogpbbp§ hattbedy (Goprlet aMVh1eE) Wert ebesked fiom Jotat hTKaILtdr(@@fnrd UK).
tenperature, washed tw ce and anal yzed by flow cytonetry (FACS Aria, BD'S,
Oxf ord uQI)134nheE|xemcpknl h3e Immwwphen@ypngssi ng each anti gen was determ ned
using "cluster analysis" and the relative fluorescence intensity was

cal cul at e[!lOla:SS]mafl“oanalyimﬂehrfha&gmflgmmmmﬁmdOf)tellshlelomuleaBSSWere ipogateidve"
popul |on 00143 totoxicit 15[,00144

Porl's Y n ki Brder bbyy cAebayel it el e e PER R RAS [eccete i he. and
the NK- Se&b&‘lbéﬂtf'éﬁoﬂﬁﬁﬁa 5G&ih lat FdoRrekn %ﬁiraeﬁﬁérrmﬁagﬁ,ec&m weRHhhlyzdekggdwcel | s

were recovered from suspension culture and washed i n HBSS bef ore

resus pens%@mﬁ:trv (FAS Staliger WilkColbQuasbeafivraee. dicriqaMiclarson. Ebhdenvardendpidef 4 x
106/ m . All%l Rlardl élﬂﬁa%ter@tlf ?5% ﬁgd‘é’é‘gﬁt@gfl% Ji%bid ﬁnﬂﬂocﬁg el?rﬂg SlonM@rdd | uent

and then a d to the ce suspensi room t erature. The
201 abel i ngqueahiodat l\aml(%,t)@(ppaé]d filoyn ¢dab sad;ﬂetAkbﬂumbcHroﬁwrcbnm%@d fhabawesal f

? cenelil e trm BN bRy eRT o B e o B R RE G B Bl pet calt's i n

100 pl 10% add of effector_cel|ls (ETratio
101 b o osgel g iﬂ“ﬁp@ww‘égﬂ n YK el g Bmior SIS SUNRAPER o bo
obt ai ned in clinjcal therapeutic settln Wi t hout recourse to ex-vivo

prol i feraiﬂﬁ’&i1 I aid pewlcs st @p%afledzw@%mfeércoase or FGE“’I&SWWP%PF&?{HEPW was

measur ed ﬂoﬁeﬁk%in@i IFe@h %eﬁa@%k@ ?eﬂdﬁiefbg bR ot siip 6y & Bl Vbt i AS BhaPheal Ky, C
After the incubation period | s were resuspended in a sol uti on of

To- Pr o- 3 ydeiteks doneryi Retrmlyﬁerml bl mehgrugeat delin (HBNGs)PBSe (stlapdd) fremaleraval yzed
by fl 1024
channfﬁN f%légﬁ ?%%Onghlgu%%%%l%ﬁocﬁ?n&gédgfat“og?ﬂ@ﬁﬁgl}%gﬁoﬁ%ﬁéﬁgjﬁcegand t he
mean pr opaspdnded of CNlast Ricondeatthtiba qidXilof sctl/mel PBMG anictihaibatell pt 4 24t e sanpl es
WD 2011/ 004201PCT/ GB2010/.051 Background t et cel| death
s et er MIHLHOF FoM 86 R0 PAE et [0 hi oSO ARG 81 P aBeRSe T &

Cel | - medi aigaf 1Y% OO %intdsperv@s reported as percentage killing over
background cell death averaged fromthe three sanples (specific lysis):

Mean (% C@bbé]ys D 56N of e$I56*CIIB TR AR %QHﬁed ¥ShPBMC or PBMC:stimualtor cell
20  co-cultures by direct immunomagnetic separation with CD56 Multisort kit (Miltenyi Biotec,
Germany) with or without subsequent depletion with CD3 FITC and anti-FITC beads. All
selected cells were confirmed as >98% CD56+ and, when CD3 depletion was performed, as
<3% CD3+ and resuspended in CM. Immunoselection with anti-CD56 microbeads and

subsequent washing removed all detectable stimulator cells from the final product.
25  [00139] Example 1.1.5: IL-2 Activation of NK cells

[00140] Freshly isolated NK cells were suspended in CM with 100 i.u. IL-2 (Invitrogen,
Paisley, UK) at a density of 1X10° cells/mL and incubated at 48 hours at 37 °C and in a 5%
CO; atmosphere.



5[ 00146] Less than 5% spontaneous |ysis of target cells was observed in
these experinents. In sone experinents the |abeling strategy was reversed,
with the wbherwmouzoeel | s being | abel ed with PKH 26 and amelrycs2e10005138! |

| ysis being restricted to the PKH-ve fraction. This reversal confirnmed that
initial findings were not due to an artifact of cell |abeling. [00147]
Exanple 1.1.8: Generation of CD15-transduced RAJI cells 10 [00148] The cDNA
encodi ng human al, 3- Fucosyl t ransf erase Iﬁ/ (FUT4), which is responsible for
t he expression of CD15 (Nakayama, et al ” (2001) J. Biol. Chem 276:16100-
106) was @hm] eﬁqgﬂlpféc@.l%:oﬁeﬁqysﬁt Bf RhE R IMaYS pldeBiv bﬁ@ﬂﬁl@rylgﬁ‘b&llgry f1oWK)
fromlynphocyte cDNA (a gift fromDr. Steve HarP) using the Torward primner
5' ATG GEEy®BBAeltfG TGG GEC TCG CCG AC3' (SEQ ID NGO 1) and 15 5' AGT GGC GAG
CTT GGT CGA CCG GIT3" (SEQ ID NO 2) and verified by sequencing to give
pLenti 6/ DOB42][ OB14B¢d NE\¢elB peepdotappléad with fisoragsompe-odnogded avirt’R93dd cel | s

after transf jon Wt DR8. fferey et al,. (.1997), Nat.. Bi otechnol.
5 Gr1. Toitrash & e R o B bl Wish Stbefay mitehith Bty

pLent i%/ Gibiulabr ¢k | StEn@htoBredpohd@becl mistuig wat Gicuratghasghatie: thd Brescribed
Twent y-four_ hours ﬁlo t transfection serum suppl enmented nmedi um was riﬁ{{aced
with ser upRPfeandiilicghhastiationway stepredibyraddision gf arafiz SRERHBRIS axtbid. £4ci um
precipitatj : cal, s . al d

e et andeadbiloh 30 nfh Yo lefifi LR AL SB0I A, BAREEE HEPOMRR o,
BSA, pH 6UE) for BOGniRAblaveld by washimgau Stair Buiffeni (BRPISX 106 UK end siswsphorigrsin

bef ore bejn opl ed, .washed a resyspended,at 5X105/. in fresh RP 10%
Pesi o o bR ORI SRRSO R e REMRRINER e b R By Rehl RO e o
cyt ongj 1 YprofeRDdfSQerdsxRAPO ehid atlro8m tShpdritGie, Gashed maicy S6$af0028 by fibat a f or
conparative statistical analysis were assessed for normality (Gaussian

di st ri but YEHPEBHE Alhente RIS, Osfasddh) dh aercaness dyells epissipg sichgnidgsdiphPad

Pri sm V4. Qs gRbfhid OB LREYah] HRTLARCENIREEREM ] ARy BligNkEY Cant

difference of their ans by 2011/ 004201PCT/ (3B2010/ 051135 33 St udent

t-test. Tdsosedign ¢hanedl dpgi fluosesatrcy ofithefuarvariatevpesitayed @opwateont est ed by
Snedecor's nodified t-test which conpensates for unequal variance. No data
set s wer e[0At43] Galizamapie. 1.].00Cs@koxivityngbay 1. 2: Results [00153] The regul ation
of human NK-nedi ated |ysis of tunor cells involves a nyriad of cell
S5sur fHce 00t44it o srgoncclloirhcyttdtexibliy axaystinctodedabd NE-pristantdR A celhhndbatdothy and

activatory_signals Si.§. 0Ccurs en t [ ion of activation_.signals
over commsNkatis s Ehrey s g e b PaR s eah Bk Dk il REt vyl eBin’
The pri ncqRpdnsioh @amets ah@aihRhidHBIS et REULpESi RGN ml 6f MIEK 1ds6atdife Cl ass |
antigens and susceptibility of tunors to NK nediated |ysis has been shown

to be rel &fusat 4@ copeentiatinned 4o 1 Ckml Adkilahangt of RKEE2grpperddedo [ Bt obne, et
al . ( 19921)dbe]ﬁng|%1>1(lgent MR then added to the cell suspension for 2 min at room temperature. The

20  labeling reaction was stopped by the addition of 1.0 ml neat fetal calf serum for 1 min. Finally
the labeled cells were washed twice in CM and resuspended in CM at 10%ml. Fifty thousand
PKH-26 labeled target cells in 100 ul RPMI 1640 (10% FCS) were added to 400 pl of effector
cells (E:T ratio 1:1 or 5:1 as indicated in FIG. legends since these are ratios which can be
obtained in a clinical therapeutic setting without recourse to ex-vivo proliferation) and pelleted

25 at 200 X g for 1 min.

[00145] Cytotoxicity was measured in triplicate samples using a 4-hr cytotoxicity assay at
37 °C. After the incubation period, the cells were resuspended in a solution of To-Pro-3 iodide
(Invitrogen, Paisely Scotland) in PBS (1 pM) and analyzed by flow cytometry. At least 1x10*
target cells were acquired with 1024 channel resolution after electronic gating on red

30  fluorescence and the mean proportion of To-Pro iodide positive cells from the triplicate samples



10176: 963-71). In contrast, the non-susceptibility to NK nedi ated |ysis of
the B | ynphoma cell |ine RAJI has been attributed to its expression of al
of the knworoolmszes of |igands for NK inhibitory nol ececessB2bonmsiizel ess,
RAJlI cells are susceptible to lysis by IL-2 or IL-15 activated NK cel | s,
inplying that the trigger ligands for NK activity are present at sufficient
levels if the inhibitory signals can be overcone. 15[00154] Bryceson and
col | eagues (2006) used the nurine nastoggtona cell Iine P815 to test NK
activating ligands in reverse cytotoxicity assays using resting, freshly

| sol ated QR MBEletdnd LALAREN UAARWAKILERRS OForf ARG LB A RLAB:HES- 66)
These data confirned t hat t 'ack of NK inhibition by I's not

suf fi ci enef afictor cgjlgeell- y@d@te(d\ﬁmorcceqrm‘etwalrcpc(rtbé%))en@entagwﬂulhog over36ckBa6:d7 3) ;

P815 cel |l s d ot ex Ss HL res an to human NK lysis. 20
Furtherndfglggg W?ﬂgg%ﬁ?TfyetIeefWEPSTHQ?mt% ﬁﬁ NK triggering |igands

require at |east pne o- i yent to tr r cytokine secretion and/or
lysis. The grouphg?acﬁéFlhﬁVé ?Sba{ép®W%?ﬁE?>gﬁ§ t Wo S|gnals requi r ed
needed. to ver |nultane r coul d be provide enti al
b ovi ois WBFAS ol eSS mer aor s Lo SRt IR et oPieRe R Re Feamegs.
r elsi st ?nt solnf éxﬁ%ﬁeﬂw tHehab%lﬁgg?%tﬁa!f@gysﬂaznglze@ﬁw With ﬁle%@ﬂel@toi &R :ble ﬂ%%ﬂé&&gl%l% NK
cells to S r e a mmuno
[ 00155] l\l?dz@é@ @dan@lyaw%@@ﬂlﬂmﬁwng repoieted i thsd’ﬂ%H-m fraciipan Thisfaissel agai nst
L | e R PRRERAn fel Y nft Sloth b BhigloPbPechilyBgE! N9 LT

y indrviduals (I m

surveillance I n Lancet

365: 1795- @%mThﬁ:xa Apke 11 ALY GI0ELYED mn%a@%?g{&@%g in that cytotoxic

cell s expressing per orln granzynes an even CD57 and CD158b

e P TOgPAEo e ol SRR IR E s b S E A B, (200

\IIEV%UI Ihegr re@lionalbldfaﬂfha)e)ﬁ@disﬁon d:fhlzﬂlrﬁﬁ(f[,\alslﬁyaﬁﬁl %t%.ilzglﬂ)a Bzgz‘ I}Elb@bz 216 gﬁ’:ll(')ﬂsgs
iC 0 no ess the HLA nul ecul es i are ligands for t i bitory
mol ecul es! () &Rs 5@1 Eﬂf’ﬁéBCRﬂ%‘?f{?déﬂ@@éﬁ‘ﬂt?\?{}ﬁg‘f”’tni‘?éel}rﬁétsp%’uﬁﬁé#ﬁm XMPReES ol

nmechani sngpNAf(a M £6hIE. SRY. A/ &ﬁqgitﬁé‘fo%vﬁﬂd%uﬁé?rough sel f-MHC but may be
t hrough a reqU|renent for sequenti or sinmultaneous activation 5signals

akin to tHaT€oGsG GQMCGITC&GI@QQ Te6erCagh @Y (SEQAPINOilpad gher vert ebr at es.
The data 5*%‘?8&9@%&%}9’{* T &3}%(? %%‘?ﬁa]ﬁ(g I?tN@ cﬁQ @egz%g@{eﬁcl{‘%{ e

hypot hesi s and the results presente

critical ginpprémibd@ Y. t he expression of a |igand for NK costimulation on a
tumor cell in the initiation of lysis. [00156] CD15-associated CD2L is
required f001491K- msdi-Gtpseudoygs vivlis Wik gedgct ifrem KBG2cNOefkey tandiltas twdihd

| eukem a cells b ng N but is not itself sufficient to NK
col | acti NEMNPIE N ieaichs: C3T M. BaHaR ooy 3 PR b Eiph b4 BoR8) ar e

unabl e t ogpf iTAMB) €1:N0-88f Vi ¥nticTOPS 5 2SS (ﬁfof M 95 st calc RSk 51'1(%#3@2@6.
signal (s) nust be delivered to resting NK cells in the presence o

co- st3thul Byvewi-fow honismesttttaenicetion spsien-sunpmentsid| rscdivhin shas pandsedwithspropr i at e
tri _ggerl ng lrlng Sand %%m%%% I &9& gnd%lngenlﬁja% b %Qlchﬁpélleggﬁ EM@Q{O {sqgtgrr i cted

155|gnals have beén” propose preV|ous I'nc elns
| ectins awdabmp@hﬁxmcaﬁbohxdﬁat@anbmﬂktmgheﬁs@mtm@hl1n@aﬂmﬁﬁﬂenmnmwelu5|ve

Chese |1 gunmas$h meERRER o2 R, e’ TRaCah Relevdta entised Wi ke mgor sn" ©
i nhi bi t or yo - E6E Vet [g%gle@r\@%ﬁéwﬁqdqfesﬁﬁé?fd@@ﬁﬂ ﬁtﬁ)%@lh@ﬁk&mi ecot), %5 ig anot

sufficient for NK ce CytOtOXICIt§ f tunor cel
25  flask. CD15 expression was assessed 43h post infection by ﬂow cytometry.

[00150] Example 1.1.9: Statistical analyses

[00151] Data for comparative statistical analysis were assessed for normality (Gaussian
distribution) and thence for comparable variance by F-test (using GraphPad Prism v4.0).

Distributions with equal variance were tested for significant difference of their means by



20[ 00157] The mai ntenance of the prined state in NK cells follow ng renoval
of the primng tunor cell lines is a unique observation which contrasts
shar pl y wvohotimeszoequi rement for continuous cytoki ne exposigpofonsitske
generation and mai nt enance of |ynphokine activated NK cells. Here it is
denonstrated that NK cells can be prinmed by a short period of co-incubation
with relevant NK-resistant tunor cells which can then be renoved with no
effect on the prined 25state. These prigrsd NK cells retain the ability to

| yse NK-resistant tunors after cryopreservation and thawi ng all ow ng easy
transl ati @Qqid ¢ &dst. Ah6a wibh ﬁlﬁ@z{rﬁ rﬂl@ér&ﬁ%aﬁlaﬁe%é t%st@@ﬂy gﬁede&ﬁf%%@&lfled t-
remotely and quality assured bef o e release. [0015 Exanple 1. 2. CD15+

| eukem ¢ fcel Wisclpednmenbapssi fer wfeqdi-vrawicst ntlata scrtmwemsiomsﬁwlan

2011/ 004201PCT/ GB2010/ 051135 35 of NK-resistant tunor cells of different

| i neages [00t$2]di EyampM B22ResvM8H77, and DU145 (FIG 1B). In contrast,
resting NK cells or NK cells incubated with CD15-ve cells (MOLT-16, PF-382)
wer e unabj06153] | TherdgAhtioe ef hisndnPAVIG:mdidgted sid of tunmoalcblis, invasdsi gy oifelellls

were unable.to | se ARH7 45 cel |G 1 CTV-1 activate
col | 's e BrGFQEeipts op Oﬁvﬁ%%@i ag&ﬂre?eil éqvma\l?ajm{%ﬁew PdarLvaiay signgly f rom
tissue reseed &ulsHRith Bt dodHisatvh bhaddfvedst s@@a‘[&c&fer&ﬁﬁs ﬁ%inhﬁﬁtoifyr &g’ﬁagat ients

wi th ovarian cancer (data not shown; North et al. | rmunol

178: 85- 941)r0v1[de@h16b$ané§< anficdargetycedl: Tmrinc(u@hsg%%@k snhxwow Melasylcp aepEsn | t
was hypot Elgs%tl a'flﬁgetnls QQ(} %%ego?lhhﬁy sV\B Nit %ﬁfa dt1§)51§ s te ﬁlOWlS' S
cou Iver e

and t hat se si gna sequentrally’ since the primng
tunor celfo hNaslaabz&ethe degreenf dxprdNKpRAJtheseoncladlesr (€iccGid/<tlalc@PP?) Ere Med.

| tivat th 58 .di | |
ot 0B e L BTt mtohtye e i DEUI ERAE il b B bR
CD58, CD418ne IEDAGas 6EhuttaiBttc CRALARPREG 08 073l &%he RowNEe® O8N Iigakddlor NK

significantly (p<0.01) suppressed the activation of NK cells follow ng CTV-1

co-inc uba@h@ﬁown@%@%) NagethdeseRa liresHs #y sepepfibhate lemsby Hxpoe &Is—uléﬁcm[a@élesz]
In a searlgﬁ cfeﬁ§, iR 1 Qatsthegfi]%gelr 1RGRRBF RKOR LA :? %@111‘[ ap sufﬁa%nt\’}'@v%ls if the

identifi as a p e al though b oc e of 1ts common |1 gand
CD58 on tlhlhlbﬁipiyrﬂignglscr@hlbedvdcmm significantly inhibit |ysis. However, over
ten years ago, Warren and col | eagues (1996) had described a noiety within

t he 315 [@pii@peBoycekcewinsl coimigués 26806 ulsé@aamufr'me n@E2cyoda vl Gie P&1S20 test

present e i.cal target ce K56 J. .| no 56: 2 -73).
Lt her oK “eHEpETEER f et cuOhS FiaSshutn Rub Asdty Bauieidathg

NK- medi at @dls) m&bﬁma@mmeg 00 tlodsABI0a997:11 58P ffﬁés!eQiﬂtaV@ﬁfnﬂﬁHd thatfthd wtiept to

trigger lﬁms CD2 is_a known co-stimul atoryigvlmng nol ecul e on resting NK

cel I's [ 00WB3phiiyen ke mwgSItféplﬁnqtpﬁreggedww afiep etplebt BPQSs Bynmiokh | evel s
of CD 15 pnpthG@-739P @@%Pfﬂstdo t%pr&'éfﬁ? FJQISQIVfo%uhgﬁ”a%@%stra“Sfef of

the CD15 onto the N not s akin er of MCA
whi cmmastéemotepmattérbn( (\“/D(Dé,rthc; ohtr laiown(mﬁ@ﬁggeﬂmg lipandm odquird Z8le34 28e &6)

suggesti ng t.hat an i pportant..con of th NK: CTV- 1
synapse.  TLORKr 3 Fighh R R s R Dol e s e
cyt ot oXi Cfht yw@sigasreqiiel it dloyei dehy cri¥ksim@Bhribadly oRAMICE provigedensi tive to
NK- medi ated |ysis after primng through
sequeritially. Previous work has shown that'an NK-resistant cell line which is also resistant to
lysis by IL-2 activated NK cells is able to prime resting NK cells to lyse RAJI cells (North, et

25  al. (2007) J. Immunol. 178:85-94).

[00155] NK cells are an extremely important part of human defense against tumorigenesis
and appear to play a critical role in ongoing tumor surveillance in healthy individuals (Imai, et
al. (2000) Lancet 365:1795-99). They are highly conserved phylogenetically in that cytotoxic
cells expressing perforin, granzymes and even CD16, CD56, CD57 and CD158b have been
30  reported in the haemocoel of invertebrates (Lin, et al. (2001) J. Exp. Zoology 290:741-50; de



30 contact with CTV-1. Resting human NK cells co-incubated wwth CTV-1 in
the presence or WD 2011/ 004201PCT/ GB2010/ 051135 36 absence of bl ocki ng
ant i bodi ewof20ri/@@0hours and tested in 4 hour killing asseyssBgri03si3sRAII
cell targets. Two anti-CD 15 mAbs were used, clone LeuML (BD'S, Oxford, UK)
and cl one MEML58 (Serotec, Oxford, UK) the fornmer having been reported to
bind a site within CDL5 which excludes the CD2-L site (Warren, et al.
(1996) J. Imunol. 156:2866-73). Anti-Cg 5 5cl one MEML58 significantly
reduced the NK activity (FIG 2b), inde to a |l evel below that of

anti - mgﬁ%ulkbﬁ 69832602}1@%1“f’”%«?ﬂn&a@@&’ttcﬁpﬂgﬁg 8:06.996) blean®hs alhick 4984 EXPp.

Hemat ol t was extrenely interesting to note that |ysis of

t he pr ot otxppise tic PNWA serheiutes waiahelrd ligande for KsGahibltery m@q@nla'sedd(}m@-) Nigb.
interacti n. K56 ells expre

ot oo wf B s AR R crospfurangef Bar B Facd o) R G RS SRES Bhibkig o
3) furt hemlrol@ﬁuapMHa: Bt mhbeBRdugala req@li@micht dKsce@btiapsi diin0Banaogh €ndtionm ng
that "m ssing self' alone is . inadequate fgﬁ§ﬁﬁduct|on of lysis b%Ma sting

human NK E@tasakif oheeq-sEpulpiitreand gepringo Tinjhighepyertsbises; hhgdata from
NK-r esi st giiloc Olct 81 (PHERY A8 RoIh et aﬂrqzabﬂguﬁgogmls ﬂyg%@ésl anqqﬂé {ers{ﬂi?stﬂr%n@ﬁ t he

role of CDI5 was achl eved through transfection o cells 15 wwth t
cDNA f or IRgT4re thy nsfoalsmoosirasd thﬁufmcal mperRAG] ofghe t@r¢seldnt06aélg@ndefgsN8n of

CD15 within @ﬁti%?n% en err Hil’Lﬁ'lgiI%E?th%O%v}%ﬁeptl ble to lysis by resting NK

cells (FI (@St ectl y by addition of saturating

ddi i on BPTRYT; By la*e?f R Pt DT AR SN s

suggen} i ngythPeHlastdig eaksma ek il ﬂé@tﬁngﬁﬂlﬁ@elﬂ%d‘[ ena pRslDRITTi it (e PHno P (Rt a
not shown). 20[00166] Exanple 1.2.4: CD2 |ligation via the CD15 assom at ed
|i gand i ntfiBY SRGsRSERsNQsmabaR mmogytﬁ%wawh\?mre%sr@ Enregrate Lsdisalate ng

cascade [QRIBEinEVIIHRNGRel B Hp@lﬁ{oﬁr rdsBftd; s@éﬁat{%ﬁ’n%t hhatliveRho r&tihg W@l ved in

the ligation of "CD2 was provided by the antib bl ocki ng experinents and
t he denonestls at the mrqstnqg lob sphiamylatien orprisic EHBG lﬂsntlmmtcclésswhlpb peBton T
cells, CD2_on

oyt on asrne g e BePg’ ARREhlite KRR IR kSR Mg,
Proc. I NatdignafiClatie b&n prof@ed AR08y ivdidity hdat émdkphitying Xfotiad Al cohplaxni que
ability of 1§ to activate. and t |g er resti h NK cells ryceson,
et al. (2@6@ g@ﬂﬁarbast eeﬁﬁ?tefgé}ﬁ? alp g ‘iVana%P(' bisth wepd %PPF@éégeflo rapi d
sheddi ng Qflu®xdt thaiGs i upher@kbotlofloBtheds 1i0IR6E Bncsit is@licar ﬁ%@&@)smpw%@bf and it

was hypot hesi zed that this mght facilitate the interaction of the
cyt opl asniigan@Dibs irbiBErBeentpis erd prssenss ot ippreprigic ddhesien ingteceleeisingt suffidontai n

of CD2 ( Nf& REEQ cy?ottoﬁl:lty ((f]n%%gl) eelBUPT a). As

20 [00157] The maintenance of the primed state in NK cells following removal of the priming
tumor cell lines is a unique observation which contrasts sharply with the requirement for
continuous cytokine exposure for the generation and maintenance of lymphokine activated NK
cells. Here it is demonstrated that NK cells can be primed by a short period of co-incubation
with relevant NK-resistant tumor cells which can then be removed with no effect on the primed

25  state. These primed NK cells retain the ability to lyse NK-resistant tumors after
cryopreservation and thawing allowing easy translation to clinical application since the cells

can be prepared remotely and quality assured before release.
[00158] Example 1.2.1: CD15+ leukemic cells prime lysis of NK-resistant tumor cells

[00159] Resting NK cells which had been co-incubated with NK-resistant CD 15+ tumor
30  cells (CTV-1,MV-411, SEM) lysed RAJI cells (FIG. 1A) and were capable of lysing a variety



WO 2011/ 004201PCT/ GB2010/ 051135 37 shown in FIG 5A, co-incubation of
resting NK cells wwth CTV-1 cells induced rapid phosphoryl ati on of CD3c.
CD2 |i gatwonohamsineen shown to | ead to phosphoryl ati on eCtigBbo(dmoss, et
al. (2000) Eur. J. Imunol. 32:2188-98) and flow cytonetric anal ysis of
intracel | ul ar phosphoryl ati on of LAT and ZAP-70 denonstrated rapid
phosphoryl ati on of LAT in the 5 absence of ZAP-70 phosphoryl ation (Fl G 5B)
confirmng ligation of CD2 by CD2L vvithi35|/ CD15 on the CTV-1 cells.
Phosphoryl ati on of LAT is thought to be~via phosphorylation of ZAP70 but

consi st enge aARLQa HRERorCEs If B CH iddhses Fhclifhd RPMTsz%r QRENKRGSUMS h the

avai l abl e anti-CD2 anti bodi es was not %e monstrabl e (data not” shown). In
contr ast , (FdGoBB)- lln nklaga@t ofstiGDB KogelIT oc WK 11§ emubaoed\am GDaﬁdesalﬁ(M@eﬂ-lpZAPm

data not 0 di ph i
N ool 'S pEIRH e T GHIRSRAA (IS LS AR G ot A IR ARG b B of
CD2 si gnaﬂollys%gARHﬂ 51&1 DPOoSPEIs YFIE. IlBDl oT VT A Tivatath N&hcatiaveledlsh ibl’e to lyse

interfero -garma synthesis in N ce (CGonsky t al . 4‘2004% | munol .
173: 62%1- APECNGGRFERY HRIVerYs iva %‘&P%‘F SN h RS i DAY SRR ai ned

for at |eggtasdfes 'Ho%zﬁ§n@f\xﬂ@1€bv’aﬁ§1ﬂ%ﬁzérgﬂat9Botqﬁywilf Q&K edaY. %Q@@??:D Tl A0St i ng
NK cells (FIG 5C) and was l1l5associ at w th upregul ation of 25 (FI G 6A)

and CD69 [Br&5-99C) and increased synthesis of interferon-ganmma within 4h
(FIG 6F). Activation of NK cells with SEM or M4-11 cells also resulted in
rapi d upr@giéedt i Emamplech?.l: dmtiEDAS blgekeNd primpig CD25 and CD69 by t he
activated NK cells (data not shown). CD 15-associated CD2L is required for
NK- medi at #0164 si & vofs Hyhethddized el irdstiuge N& gl nedsl Mts«'grmsneumm IgstEﬁ&t}tay

resti cells but. is self 20suffi |ent to pri e activity
(i nceltPeotirtigreris i itk kRl Hhr e SRbiiuRenial APutSngRet i

sti mul at eNKKR &ftco\dultire. VS @&l@ﬁfef@dfci’@eﬁéd fo‘#ﬁf@trentﬁaﬂNK b&tvatnsiigmat ¢ah sgust be
dellvered to restin C&S‘NK cells in the presence of costimulation to prine

them to | iffereptimpnociar] antipadich (st provap grép crngdidate mplggees W@reude@&ﬁa% Many
candi dat ecﬂ?!z KN ET V@Dl? Ghd éb@ﬁ’&)@ﬁ‘igEB&}éleQ@{}}ﬁeléerzb‘EﬂwaSgo Eidkarfyock

proteins, lectins an corrp ex carb drate cells ppear to
be a val u@b[)@ll opbressedttheachivatidmert NI s@bdoll@wngCRVhéselﬂqugamsFKﬁ r?@é apt is

clear . that the ands for inhibitory receptors is not
suffit 5|ten1?l ?SB?edﬁtﬁXr@ﬁ “@C“Jﬁ%&%p& fly of tumor cells. WO

2011/ 0042 2010/ 135 38 [00170] .In ¢ st t he -.LAT- St at
ot ey PTG SRR D aape slsnetcos Lo NI o PRI URIIELI & o1 a
MKK1/ 1/ ERKotén¥id] cptidede. altﬁguog@lmloekadé HIENRmckOfbafd €558 bh t@@ﬂnﬁmg%gm URtrigen of
CD69 and i1 nterferon s?/nt hesis takes a m ni num of 48 hours 6D and FI G

6G, respedghifieinyly inhipit bgis) dlovshicropvartspsycaseesypraen 41l qoamﬁles (1P99) had
stimulati gn ey a%élgty within the CD15 epitope of Lewis™ which is a ligand for CD2 and which is
20  present on the prototypical NK target cell, K562 (J. Immunol. 156:2866-73). Furthermore, they
found that its expression on K562 was required for NK-mediated lysis; absence of HLA class 1
expression was not sufficient to trigger lysis. CD2 is a known co-stimulatory priming molecule

on resting NK cells

[00163] The NK-priming cell line, CTV-1, which expresses high levels of CD15 and co-

25  incubation of NK cells with CTV-1 leads to transfer of the CD15 onto the NK cells (data not
shown) akin to the transfer of MICA which has been reported (McCann, et al. (2007) J.
Immunol. 178:3418-26) suggesting that it is an important constituent of the NK:CTV-1 immune
synapse. The ability of anti-CD15 to block NK priming was tested in cytotoxicity assays. The
prototypical NK-resistant RAJI cell is sensitive to NK-mediated lysis after priming through

30  contact with CTV-1. Resting human NK cells co-incubated with CTV-1 in the presence or



5significantly slower than that induced by CD2 ligation by CTV-1 and the
proportion of activating NK cells was consistently lower (FIG 6A). [00171]
Exanpl e wd.2611/001nedi ated NK cell primng is stable abtercRom/oserseval of
the primng signal [00172] IL-2 activated NK cells rapidly return to the
non-acti vated state upon renoval of 10 IL-2 and/or |ose activity after
preservation, particularly in the absence of IL-2. Lynphocytes from 10
nonral donors were stinulated with a ly gte of CTV-1 cells for 20 hours at
a nomnal CTV-1:NK cell ratio of 2:1. NK'cells were then directly isolated

by i mmunoyRgnetyr Blo%;ﬁhg GAHRAiMES D oAb G 1 i ﬁ%ﬁ?ﬁﬁ%%%éa&? QQ’JinSBRRtJP&H
Oxford, UK). The prined NK cell preparations were sho to"be free from
CTV- 1 contaggeisn dtwoomtiE EID Gs mAbA veenduse®) clonFHeulyYHgiBdd S o xfieal] Ukgeinll cloBE ysi s

di d ly. isQl -primed NK cel | : .Si gni.fi |
i 11 or ont MR saORRl P L PRk R B et FanmelBRRR i i EEAR L 2por
for 14 dayhich Exduded @ CDODIsHI [ Waxraimk el. 2L99Pnp Uk aluhan $5618d6LTBaMMKCDeb | s

imed. b t LI i b ed f inistrati [ di I
211 or br e MENb s eAmdy obscATapNRREBEY oG ol earchafIPEFA b t

AML and |§r§ﬂcb@i9f}'ﬁfé%§i¥i(/@9ﬂhﬁzi%o%ﬂgl ('L%%elfl,leeli m H@92PE£J)%M£@3[1%@@M%. A

clinical trial in patients with AML in conplete remssion (CR) or partial

rem ssi onlt @RRpxtwindly interestinganndts Yab lyassto§ thetpuototypicabMKehcdstiesscetldme ak 562

[00175]  NaseTeo PONC IR SA R R L s @SBRI ER APyl &t 2t e
| sol at i onthanmtigat witaMEM 1 3§ subltastinl Nfnldieitdddy §i OO g find\KK aelld F16xb) foithérng a

durabl e activation state were generated froma single apheregis of
non- ndbi | {UPBRFIBRIT pHERATOIDINGYY CFlf B SRR can iR thek|misaing @fs dEM6rs by

over ni ghting&qhaetf&ahmﬂo%fE}Q@@g&ﬁngﬁhm% &l deni MACS using anti - CD56
m crobeads) with the | ysate of V-1"tunor cells at a nom nal

stimul at ofpp§ 419 ExhMplelL. £5; Pransfellion DKCDES hifto NI SedifiBht RUE pFdvidhs (O
2011/ 004201PCT/ GB2010/ 051135 39 fromthe |ysate by density gradi ent

separ at i oprimin sigrli ng. Product release criteria included sterility,
CD56+/ CD3- NK cell dose within 5% of the prescribed dose and total
CD3+/ CD56H0T64 el Codsamtioh o£i@4okgf (IO ¥8 jaclixanphwugh taRfccRorepbR Alliwhs of

Freezg Medi Sbg\g%%]éﬁing%e ose al.i t f. 1 he activated.NK wer e

prepa Se d. Wgﬁ%ﬁ Z é: , 4an ans?ec%lon o% #8’1‘2 1n%o ﬁAJi ce?ls ?edt fo expression 0%f53
within 48h and rendered the cells susceptible to lysis by resting NK cells (FIG. 3). This was
blocked effectively by addition of saturating concentration of anti-CD15 during the cytotoxicity
assay (FIG. 3). Addition of anti-CD2 mAbs neither blocked nor enhanced the effect,

suggesting that these mAbs did not bind to the appropriate epitope (data not shown).

20  [00166] Example 1.2.4: CD2 ligation via the CD15 associated ligand induces synthesis

of gamma interferon via the LAT-STAT signalling cascade

[00167] Evidence to support the hypothesis that CD15 is involved in the ligation of CD2 was
provided by the antibody blocking experiments and the demonstration of phosphorylation of
CD3C. In contrast to CD2 on T cells, CD2 on NK cells is not constitutively associated with

25 CD3L. Cytoplasmic CD3( is bound to CD16 in NK cells (Moingeon, et al. (1991) Proc. Natl.
Acad. Sci. 89:1492-96) which, presumably explains the unique ability of CD16 to activate and
trigger resting human NK cells (Bryceson, et al. (2006), supra). Conjugation of resting NK
with CTV-1 leads to rapid shedding of extracellular CD16 (FIG. 4; North, et al. (2007), supra)
and it was hypothesized that this might facilitate the interaction of the cytoplasmic CD16/CD3(

30  complex to associate with the intracellular domain of CD2 (Moingeon, et al. (1992), supra). As



stored in a cord blood storage unit until used. Single dose aliquots (e.qg.,
Dose 1: 1X106 CD56+ NK cells/kg) were cryopreserved in a DVMBQ HSA m xture.
The DVBO'WBAonicotzme was prepared by inserting the spi kecoicBofdB113E
transfer pack and two air-inlets into the rubber bung of a bottle of human
al bum n serum (HSA) 4.5% solution (ZENALB 4.5; Bio Products 10 Laboratory,
Hertfordshire, UK). After 150 nL of the HSA 4.5% was allowed to run into
the 600 nL transfer pack, the transfer gck | i ne was cl anped, heat-seal ed
three tines and broken off at the mddl e'seal. After the spike of a coupler
eur adaplRlnSfkioes CONAZGLES didedind NIt Ol Wil TPA AUSHGA Gl NG
transfer pack and a three-way stopcocCk, the HSA 4.5% containing transfer
pack was ©wepledylbyorpdicleie MD2drgatopha-beonitedn to dcadde khospiidrfilatise pf AT

t echni que a 15 I onnegt.gc 50 Syringe s .used. to
oo Gl Rt BTG BORREE SO0 158.98) 2 M BYRNPER SRRLRF RISy bler ;o
was at t achtedphdylhiieh $fHrAR anbyAB170Rem6 Kstaltddaapia phbphbiytatichbAl #.AF% elgnt ai ni ng
transfer pack. The 37. DVSO was tri]rclsf erred.to th(ggHSA 4. 5% cont ai ni ng

5
transfer PaEKCPS265T i osPondayer (EaPHroRimine Yeagr ob6hRe &Gl BihiBr 209
DVBQ HSA. chng o2 Qo dMBY HRA PLESESyIEgh UL AeTRIHBGSht¢98L 6 PRl pRoRIRA P! ed
i ce pack 20during the cryopreservation procedure. [00180]p Exanple 2.1. 3:
Cr yopr eseZ4BTG but cofsisiottipZatPéd upka €EVHscq-00wsgr fohewing seoselinkagl withthepr epar ed
i n Exanpl k. 2 d, t he requi e of . NK.cel | [ he
col | o ufefide D2 AGRS L v, R ERs ERRE A dht B Rk BT e
t o one oroff@b®os Tyelylee thagpil {ndatshiagd MNOAPAD@aQ At Hdivn) Mrhik emygestBiiat ec,
Surre 2 K)...The i ke of Cryocyte mani fold set 45-4ANB0O _(Ori gen,
Aust | T>§D§H§edﬂ%‘%"e¥g§d’hf’5ﬁ§8ry? NV qqg%“‘&?’é’ﬁéﬁdé??@ﬁn%éf@zvz\ﬁﬁ&e the Ieur
adaptors of the Cryogé]tpe mani fol d set were connected to the NK

cel | - cont W0ke8lg By eEThednpyy cutrompnoldelda pigastiingmis thy Phophopilasey R T ez e

medi um waghRHd8MchPtd iR N nFakREY aHRAY (SNKaRMs Miereky, geat {2%04)6". TmMarol.
removed fromthe Cryocyte bag(s). "A 19G needl e connected to a 5 nL syringe

was used tB3:@gpid7at mdac3phTAGD e tittectelde Witbusparmsitasand swstagedd focgdenst 2¢el |

viability _and sterility.studi T ocyt e .ba

201/ 004 B TRE b ePUT B T35 sl Brat B SRER SSBAE. Ml vt aner

Kr yo- B650- d&6ocdaed with hpigilatien ¢ @eZe(FIG A )0anIADEI @NS; 6G hendNatidssesel andbysisf or
cool i ng aCéordfj n% to tﬁe. f.rgﬁ i reig Erg&ram. The freezi n§§grograren h]glndi SIIS IS
appr oxi matlePiFrige rieARa¥ithip éFsl -RE)- cAftvetign oiyNIE cefly w NLerd Veldifetvol s

the cel | syif@res@RdGh BlpiPupgrduatRh of dcl UMbt reRidd of beneahd ebeb By AL0 C at a
rate of -2 C/mnute. After the 5conpletion of the freezing program the

cryopr esedofigatediNKeedlls §dafena spovade 1 Ip-assediajed DAL iy wgeiredsooNEgacdiatatysisn

t he vapor “of L gul ' . : I . 5S¢

Pat i ent &@Egﬁﬁeﬁ%ﬁjggy %%S?‘ﬁgzeﬁk ﬁélraellé%éé&er e%t%g%\gﬁ]g‘?l%%glﬁ ing% ﬁs(?if of the
Si X pAii entfBcitnteapetic NK tdieactivit g sinctose ingen@ina( humdGo M€y hsohkegpresdPat i ent

1is a 56 r old femal e wh resented with AM... The patient. put into
corpl ot o HS SiitHble SR RuIE S G Re ORGP Sy A D e e i S DY SHHSG | .
The firstpd &Ii*BSe tORSHHI - cBNintthepRadnk€ bt cod@siuRtén torBn GREmMMb tyRe tumor
chenot herapy, and after an unsuccessful search for an all ogeneic donor,

recei ved &S aihich sepsnisapproprigistaggerins liggndsuMdany eandidereayelrapesdupn bende

conditio f . The.. i apsed
and ves. 1P By PaErP ARG TRAAME b MRl ARleing I R i AU IR ARME Bl BT
cyt arldi neellpwioutdpppattd bat valnstde €RBIn tRafirdwt didsermedfitde ligddacincy atiededdK

15cells / rom her d ht er 183] Pati ent IS af I | e.who

or ecent et h SRNEE 1ok SRR IRaP Gy et Rowt stDeRey Bh kb g
courses ofthmazegyti di ne, the patient was in PRwith 19% bl asts in the bone
marrow aspirate. No consolidation or salvage therapy was given and he was
not a can@ogéd|e ERAmMPRNE2 FRUIMnebRi@PMd TTND tdadite®AétivatioRiof B&tLALNK cells

activated NK cells/kg.
operate by different pathways and have different physiological outcomes




20[ 00184] Patient 3 is a 52yr old male who was di agnosed with AML (t9:11).
He was put into CRL wth chenot herapy, but relapsed within a year. Sal vage
t her apy wwohoidmazehi ci n carbopl ati n and et oposi de put hiPOTIGH2010/051135

nor phol ogi cal , but not cytogenetic CR He received a HLA- identical sibling
bone marrow therapy after busul fan |1V/ cycl ophospham de condi tioni ng, but
rel apsed again eight nonths later. He received idarubicin carboplatin and
et oposi de sal vage 25 therapy and was pl gged into CR3 before receiving 106
activated NK/' kg froma different sibli ng. [ 00185] Each patient was

condi ti onggrg)i Ofy E&ltﬂaﬁft&ﬁie%b%ﬁﬂﬂs@ﬁ é)a&waya&mté%yc@bi featRA IIEN kbR e
condi ti oned wth Fludarabine (25ng/ nk/day) for 3 days pl u% a single

fracti on 2g1jat¢ dKadellhgyMKKrl AdERKI (¥, ¢t EBI00ON daynuso!l. Opd:0Biet-glayndf NK cel |

i ni ot r P i RPEREHFRE) Sauhts s F ol R Robb CROEE R s B 50

\Q/er etr an@t;(a,qegpedtiww)h [@régiuwﬂib?’l oﬂCDQ@@ﬁp&/e@hmstBu?\hihg pie2 sa‘tnubatfgﬁ RRRSBRL Ur eh
et ween ahout. -135 C WD 2011/ 004201PCT/.(G3B2010/ 051135 41 and -190_ C. The
doubl eiba%j@légcm%@wegt%ﬂ@t faeRsbY (WD 2 ligaftoa iy £t hV drand ey prpRertion phe set  at

37 C witha@aemdggm%ﬁsa&vﬁmns@%ﬁﬁy10%1“911@1 ERLing integrity of the bag, the
outer cryocyte bag was renoved to allow NK cell transfer to a syringe by

ttach t he i DR i iR s 4 ' d
at {achenioog1 L e pREL 361 oAl SI &l pPBe s o BRel INSena® A0

16G needle. A'snm S was rernov pl aced on 1ce 5for
post - t r antiepgimimgsignial counts. The renmmining NK cells were adm ni stered by
IV within 10 m nutes of thawing and wi thout re-stimulation, by slow push.
[ 00186] PHEDLEt sIweraetivaoni NKreells mpolfeldeturf arths abebstivated sassgesechnowal hf

frequent Jaboratary and. clinical evaluatiagns..Bone marr spirate (BMA)
uns ulba 157 Buded R llalet Qrion i pEbLORTy 1rBh Suin a4t £5 Tebiiniate

chi mer i snirgfd oNEnegldondrd Retd @imunae@wRB hflpard quer-i @elilcRt by hodkPatThwnsihaini cal
study was conpl eted for each patient at 6 nonths follow ng NK cell

i nf usi on. CTYouNK cebkatiprie: b MK wisypiedhgrobregty ispigtadiyisnsramagnskic s¢lesfionas
observed. gty : : e (N L.on:

requiri ngwﬁirl]-hrﬁ)tgt@ Pesﬁ'?ﬁ lgrl?%%%i%m%n lagfg%rci;e\,i@ %ﬁt%m'sigglp g%}g@idﬁg@?érlgﬁgﬁvﬁ\ggﬁs up
to 100 dayste sRawn erlic ficerfemaiCly -1 nor@Rnmatioro(ii@s. 7h6andi ). dhabégedhdidddlicellint s

and h returned. t full. S5active pr si.onal and rsonal...l i fe.

paci o 25k Aeda i P TR el Vi BB L e R FER O i Foms
been treamhe@dhil defls SAXBME B6dn & ddRebeNEd inhitks p @Nvapbafor @Mldayd (@XPETd)enced

prol onged and severe pancytopaenia requiring CD34-sel ected stemcell rescue

and achi eped7gnd Ex@MPIERAPHFUIATRD ISV hunFRNK ctilslpiime@By a&iiloy cARlih€hay bei S
under goi ng re-induction chenot herapgl in order to be treated with a second

dose of apXePRERddar pfmibystrationdpmpedia e!y after preservation and safely transplanted to
haploidentical patients with AML and lead to demonstrable GvL and long term NK

20  chimerism

[00174] A clinical trial in patients with AML in complete remission (CR) or partial
remission (PR) with less than 25% blasts, but not candidates for a conventional transplant using

sibling or alternative donors, was initiated.
[00175] Example 2.1: Materials and Methods
25 [00176] Example 2.1.1: Isolation and activation of Human NK cells

[00177] NK cells exhibiting a durable activation state were generated from a single apheresis
of non-mobilized peripheral blood from a haploidentical family donor by overnight co-
incubation of CD56+ NK cells (CliniMACS using anti-CD56 microbeads) with the lysate of

CTV-1 tumor cells at a nominal stimulator:target ratio of 2:1. The NK cells were then purified



20 prolonged NK chinerism (up to +6nonths) has been seen in all patients in
t he absence of donor T cell chinmerism The single patient receiving a
second NKvoebliweme achi eved donor NK engraftnent wi thoecTastotoismss i nmune
suppression Table 1 NK cell date Rel apse date Patient # alive 0S1 (days)
LFS2 (days) 6 month CR 7/31/2008 1 yes 617 617 yes 1/2/2009 10/ 30/2009 2
yes
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from the lysate by density gradient separation and washing. Product release criteria included
sterility, CD56+/CD3- NK cell dose within 5% of the prescribed dose and total CD3"/CD56™ T
cell dose of <10*/kg.

[00178] Example 2.1.2: Preparation of Freeze Medium

5 [00179] Single dose aliquots of the activated NK cells were prepared, cryopreserved, and

stored in a cord blood storage unit until used. Single dose aliquots (e.g., Dose 1 : 1X10° CD56"
NK cells/kg) were cryopreserved in a DMSO/HSA mixture. The DMSO/HSA mixture was
prepared by inserting the spike of a 600 mL transfer pack and two air-inlets into the rubber
bung of a bottle of human albumin serum (HSA) 4.5% solution (ZENALB 4.5; Bio Products

10 Laboratory, Hertfordshire, UK). After 150 mL of the HSA 4.5% was allowed to run into the
600 mL transfer pack, the transfer pack line was clamped, heat-sealed three times and broken
off at the middle scal. After the spike of a coupler leur adaptor set was connected to a port of
the HSA 4.5%-containing transfer pack and a three-way stopcock, the HSA 4.5% containing
transfer pack was cooled by placement on a pre-cooled ice pack. With aseptic techniques, a

15  16G needle connected to a 50 mL syringe was used to aspirate 37.5 mL DMSO. After removal
of the 16G needle, the 50 mL syringe was attached to the three-way stopcock attached to the
HSA 4.5%-containing transfer pack. The 37.5 mL DMSO was transferred to the HSA
4.5%-containing transfer pack to obtain a freeze medium with a final concentration of 20%
DMSO/HSA. The 20% DMSO/HSA freeze medium remained cooled on a pre-cooled ice pack

20 during the cryopreservation procedure.
[00180] Example 2.1.3: Cryopreservation of activated NK cells

[00181] The freeze media as prepared in Example 2.1.2 was added to the required dose of
NK cells to bring the cell volume to 17 mL, and the NK dose/freeze media mixture was
transferred to one or more cryocyte bags (Catalog No. 200-074-401; Miltenyi Biotec, Surrey,
25 UK). The spike of a Cryocyte manifold set 4S-4M60 (Origen, Austin TX) was inserted into
the DMSO/HSA preparation bag while the leur adaptors of the Cryocyte manifold set were
connected to the NK cell-containing Cryocyte bag(s). An equal amount of the DMSO/HSA
freeze medium was added to the NK Cryocyte bag(s) and mixed gently, Air was removed from
the Cryocyte bag(s). A 19G needle connected to a 5 mL syringe was used to aspirate 4.3 mL of
30  the cell suspension for cell count, cell viability and sterility studies. The Cryocyte bag(s) were
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there were no cifculating allogeneic NK cells detected in the e patients.
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5  completion of the freezing program, the cryopreserved NK cells were placed in a liquid

nitrogen storage dewar in the vapor phase of liquid nitrogen at -135 °C.

[00182] Example 2.1.5: Patient Characteristics: Described herein are the characteristics
of the six patients treated at the first dose level (1x 10° NK cells/’kg). Patient 1 is a 56 year old
female who presented with AML. The patient was put into complete remission (CR) 1 with

10 chemotherapy and gemtuzumab ozogamicin. The first relapse occurred and the patient was put
into CR2 with chemotherapy, and after an unsuccessful search for an allogencic donor, received
an autologous transplant using busulfan IV/cyclophosphamide conditioning for bone marrow
transplant. The patient subsequently relapsed and was referred to this clinical trial. Salvage
therapy with high dose cytaribine put the patient into CR3. Patient 1 received 10° activated NK

15  cells /kg from her daughter.

[00183] Patient 2 is a 72yr old male who presented with AML. After chemotherapy with
low dose cytarabine and 4 courses of 5-azacytidine, the patient was in PR with 19% blasts in
the bone marrow aspirate. No consolidation or salvage therapy was given and he was not a

candidate for bone marrow therapy. This patient received 10° activated NK cells/kg.

20 [00184] Patient 3 is a 52yr old male who was diagnosed with AML (t9:11). He was put into
CR1 with chemotherapy, but relapsed within a year. Salvage therapy with idarubicin
carboplatin and etoposide put him into morphological, but not cytogenetic CR. He received a
HL A-identical sibling bone marrow therapy after busulfan IV/cyclophosphamide conditioning,
but relapsed again eight months later. He received idarubicin carboplatin and etoposide salvage

25 therapy and was placed into CR3 before receiving 10° activated NK/kg from a different sibling.

[00185] Each patient was conditioned prior to infusion with the activated NK cells. Patients
were conditioned with Fludarabine (25mg/m*/day) for 3 days plus a single fraction (2Gy) total

body irradiation (TBI) on day 4. On the day of NK cell infusion (day 0), the cryopreserved NK
cells were prepared for administration at the patient’s bedside. Briefly, cryopreserved NK cells

30  were transported with a liquid nitrogen phase shipper at a temperature between about -135 °C
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[00187] Example 2.2: Results

[00188]

suppression requiring in-patient supportive care, with aplasia ranging from 3 weeks up to 100

No infusional toxicity was observed. All patients suffered a degree of bone marrow

days. Patient | remains in CR at month +16 with stable blood counts and has returned to a fully

15  active professional and personal life. Patient 2 achieved and remained in CR until month +11,
relapsed and has been treated with second activated NK infusion. Patient 3 experienced
prolonged and severe pancytopaenia requiring CD34-sclected stem cell rescue and achieved
and remained in CR until month +11.5. Currently patient 3 is undergoing re-induction
chemotherapy in order to be treated with a second dose of activated NK cells. Extremely

20  prolonged NK chimerism (up to +6months) has been seen in all patients in the absence of donor
T cell chimerism. The single patient receiving a second NK cell dose achieved donor NK

engraftment without additional immune suppression

25

Table 1
NK cell date | Relapse date | Patient # | alive | OS’ (days) LFS® (days) | 6 month CR
7/31/2008 | yes 617 617 yes
1/2/2009 10/30/2009 2 yes 462 301 yes
1/16/2009 11/22/2009 3 yes 449 311 yes

OS = Overall Survival as of April 9, 2010

’LFS = Leukemia free survival as of April 9, 2010
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15 [00192] Certain modifications and improvements will occur to those skilled in the art upon a
reading of the foregoing description. It should be understood that all such modifications and
improvements have been deleted herein for the sake of conciseness and readability but are

properly within the scope of the following claims.
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Claims:

L. A pharmaceutical composition for direct administration to a patient in need thereof without
simultaneous, separate or sequential administration of an activating agent comprising activated
NK cells in a pharmaceutically acceptable medium substantially free of activating agent, wherein
said activating NK cells overexpress CD69 and CD25 in comparison with resting NK cells, and
wherein said NK cells are CD15" and CD16".

2. The pharmaceutical composition according to claim 1, wherein said activated cells have been
previously preserved.
3. The pharmaceutical composition according to claim 1, wherein said pharmaceutical composition

comprises NK cells that are autologous to the patient.

4, The pharmaceutical composition according to claim 3, wherein said pharmaceutical composition

further comprises NK cells that are allogeneic to the patient.

5. The pharmaceutical composition according to claim 1, wherein said pharmaceutical composition

comprises NK cells that are allogeneic to the patient.

6. The pharmaceutical composition according to claim 5, wherein said pharmaceutical composition

comprises exogenous NK cells that are allogeneic to each other.

7. The pharmaceutical composition according to claim 1, wherein said activating agent is a CD15+

LAK -resistant tumor cell.

8. The pharmaceutical composition according to claim 7, wherein said tumor cell is selected from
the group consisting of a CTV-1 cell, an MV4-11 cell, an SEM cell, combinations thereof, and

sublines thereof.

0. The pharmaceutical composition according to claim 2, wherein said activated NK cells were

preserved for more than 12 hours.
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The pharmaceutical composition according to claim 9, wherein said activated NK cells were

preserved for more than 24 hours.

The pharmaceutical composition according to claim 1, wherein said composition is for

administration without co-administration of the activating agent.

A method of stimulating endogenous NK cell activity in a patient in need thereof, comprising
administering the pharmaceutical composition according to any one of claims 1, 2-11 to said

patient without simultaneous, separate or sequential administration of the activating agent.

The method of claim 12, wherein said patient is a tumor-bearing patient, and said endogenous NK

cell activity is anti-tumor activity.

The method of claim 12, wherein the activated NK cells in said composition are preserved after

activation and before administration to said patient.

The method of claim 14, wherein the activated NK cells in said composition remain substantially

free of activating agent during and/or after preservation.

The method according to claim 15, wherein said preservation is cryopreservation.

The method according to any one of claims 12-16, wherein said activated NK cells are further

characterized as CD69'CD25 CD16“CD15" NK cells.

A method for making a ready-to-use medicament in the form of an infusible formulation which is
substantially free of an agent for activating NK cells, comprising thawing a pharmaceutical
composition according to any one of claims 1, 2-11 comprising cryopreserved activated NK cells
substantially free of activating agent, the formulation being for use without simultaneous,

separate or sequential administration of the activating agent.





