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(57) ABSTRACT 

Tbe pr~ol invention relate$ to a chimeric receplt1r capabl.: 
of signaling both a primary and a co-stimulatory pathway. 
1hus allowing acliv:Hfon of 1he co-stimulatory path,vay with
nut binding to the natural ligand. The cytopla~mic domain of 
tbe receptor cQntains a portion of the 4-JTIB signaling 
domain. Embodiments of the invootion re late to polynuclc
otides that encode the receptor, vectors and host cells 
encoding a cbimoric receptor, particularly including 'I' i.:clls 
and nuturul killer (NK) cdls and methods of use. ;\Jso 
included is u method for obtaining an enriched populatllOD of 
NK cells from a mixed population of NK .:ell~ and T cells. 
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US 2005/0113564 Al 

CRfl\ifERIC RECEPTORS WLTH 4-lBB 
STIMIULATORY SIGNALING DOMAI N 

GOVERNMENT INTEREST 

[(HI01) This invention was made in pari wilh U.S. Gov
eromcm supporl und1:r National Iastitutes of Health granl 
110. CA 58297. The U.S. Government may have certa in 
righis in this invention. 

FIELD OF THE INVENTION 

[0002) This inven1ion rc::latt:s to chimeric ccU mt:mbrane 
receptors, par1icularly cbimcric T-ccll receptors. 

BACKGROUND 

[0003) Reg,ulalion of cell activities is frequently achieved 
by the binding of a lig,ind to a surface mcmhr.111e receptor 
comprising an extracellular and a cytoplasmic domain. The 
format ion of the complex he tween tbc l igand and the cxtrn
cellular portiQn of the receptor results in a confonnalional 
change in tb,e cytoplasmic portion o( the rt!Ceptor wbicb 
resuJls in a signal traasduc.'ed within lhe cell. la some 
inslaoccs, the cbttogc io tbe cytoplasmic portion results in 
binding to other proteins, where olher proteins arc adivated 
and may c.~<1rry out variom; !"unctions. La some situations, the 
cytoplasmic 1portion is autophosphorylated or phospbory
lated, r~ulti.rng in a drnagc in its activity. These events arc 
frequently coupled will1 secondary messengers, such as 
calcium, cycfo.: adenosine monopbospbate, inositol phos
phate. diacylglyceroL ancl the like. '!be bintUng of lhe ligand 
to tbe surface membrane receptor results in a particu!Rr 
sigoal being 1!ransduced. 

[0004) For T-cclls, engagement of lhc T-ccll receptor 
(TCR) alone is not sufficient lo induce persistent activation 
of re-sting naive or memory T cells. Full. productive T cell 
activation requires a second co-slimulatmy signal from a 
competent ant igen-proscoling cell (Al'C). Co-stimulation is 
achieved natu rally by lbe interaction ol' Lhe co-st irnufolory 
cell surface receptor on tbc T cell wilb the appropriate 
counler-reccp•lor on the surface of the APC. /\n APC is 
normally a cell of host origin which displays a moiety which 
will cause the s timulation of an immune response. !\PCs 
include mono-cyte/macrophngcs, dendritic cells, U cells, and 
any number c,f virally-infcclcd or tumor cells which express 
a protein oo Lbcir surface recogo.il!1:d by T cells. To be 
immuoogcni~· APCs must also express oo tbcir surface u 
co-stimulalory molecule. Such APC~ are capable of s1imu
la1ing Tcell proliferation, induci.ng cy1ok.im: production, and 
acting as targets for cytolytic T cell~ upon dirt:ct interaction 
with the T <:ell. See Linsley and Ledbellcr, Ann. Rev. 
lmmuaol. 4:191-112 (J993); Johnson and Jenkins, Lifo 
Scic-nccs 55:1767-1780 ( 1.994); June cl al., lmmunol. Today 
15:321-331 ( 11994); and Mondino and Jenkins. J. T.cuk. Biol. 
55:805-815 ( 1994). 

[0005] Eng,agemeot of the co-stirnulalOry molecule 
togt:tbt:r w ith the TCR is necessary tor opl imal levels of IL-2 
procluctioo, proliferation and c:looal expansioo, Rod genera
tion o r effeck:>r funclions such (t!. the production of immu
noregulatory cytok:iaes, induction of antibody rt:sponses 
from R cells , and induction of cytolytic activity. More 
importantly. (~ogagcme11t of the 1'CR in the abscrn.:c of the 
co-st imulatory signal results in a state of non-responsive
ness, called 3taergy. Aaergic cells fail to bt:comc activated 

May 26, 2005 

upoa subscq11co1 stimulalioo lhrougb lhe TCR, even LO the 
presence of co-stimulation, and in some cases may be 
induced to dia by a programmed self-destruct mechan ism. 

(0006] La 1.-'Crtaio situations, for example where APCs Jack 
the couater-reccptor molecules necessary for co-stimula tion, 
iL would be benelicial to bave lhe co--slirnulatory i;ignaJ 
induced by virtu.e of employing a Jig.ind other than the 
aalurnl ligand for the co-stimulatory receptor. This might be, 
l'or example, lhe snmc ligand as thal recognized hy tbe l'CR 
(i.e., lbe same moiety. such that if one signal i'> rec,:ived. 
both signals will be received), or another cell surface mol
ecuk known to b.: preseot un the target cells (APO,). 

[0007] Sew,al rec1:ptors that hav.: b1:el'l r1:peirted to pro
vide co-stimulation for T-cell act:ivalion, including C'D28. 
OX40, CD27, CD2, CDS, IC AM-J . LFA- 1 (CD1 la/CDL8), 
and 4-188. lnc signaling pathways utili1.cd by lhcsc co
stimulatory molecu !es share the common properly of acting 
in synergy with !he primary T cell receptor activation signal. 

(0008) Previously tbe signaling domain of CD2S has, been 
combined wilb Lbe 'J'.ceU receptor to form a .:o-st irnullatory 
chimeric rocaptor. Sec U.S. Pat. No. 5,686,281; Geiger., T. L. 
et a l., Blood 98: 2364-2371 (2001); IJombach, A e t aJ ., J 
fmnmnol 167: 6123-6131 (2001); Maher, J . et al. Nm• Bio
redm.ol 20: 70-75 (2002); l laynes, N. M. et nl., ./ luQ111mol 
169: 5780-5786 (2002); Haynes, N. M. ct al., Blood 100: 
3155-3163 (2002). These co-sLi111ulat<iry receptors provide a 
signal that is synergistic with the primary effector activa1lon 
signal, i.e. the TCR sigoal or the cbimeric effector function 
receptor signal, and can complcte the requirements [or 
aclivation under conditions where stimulation of the TCR or 
chimeric uffecl0r function receptor is suboptimal and 1might 
otherwise be detrimental lo the fu nction o f the cell. These 
receptors can supporl lmmune responses, particularly of T 
cells, by permitting the use of ligands other than the natural 
ligand to provide the required co-stimulatory s ignal. 

[0009) Chimeric receptors tbat contain a CD19 specific 
s111gle chain immunoglobulin exlracellular domain have 
been shown to Jysc CD 19+ target cells aod eradicate c'Dl 9+ 
8 cell lymphomas eografted in mice [Coop1:r L J, <:l al.. 
Oloot! 101:1637-1644 {2003) and Brentjeas R J. t:I al., 
Nature Medicine 9:279-286 (2003)). Cooper c t al. reported 
that T-cell clones lransduced with chimeric receptors com
prising anti-CDl9 scFv and CD3!;, produced approximately 
80% specific lysis of 8-cell Jeu.kemia ,LDt! lyrnplmm a cell 
lines al a 1:1 effector lo target ratio in a 4-bour Cr mleasc 
assay; at Ibis ratio, percent specific lysis or one prtLmary 
B-linenge ALL sampfo tested was approximately 30%. 
Brcntjtms et al. reported that T-cells bearing anti-CDl91 sc.fv 
a.ad CD3!;, chimt:ric receplors could be greatJy expanded in 
the presence of exogen01J;; 11,- I 5 and arlificia I an11igca
presuntiag cells lransduced with CD l 9 and CO80. The 
authors showud that these T cells significaotly improved the 
survival of immuoodef.icit:ot mice t:ngraftt:d with the~ Raji 
B-ccll lymphoma cell line. Tbeir results also coofirrui:d tbe 
importance of co-stimulation in maximi:d.ng T-cell-mediated 
aoli-lcukeruic activity. Ooly ce[L,; expres.-;ing the 87 ligands 
of CD28 elicited effective T-cell responses. Th~-;; could be a 
major obstacle in the case of B-lineage ALL because leu
kemic lymphoblasts typically dn not express B7 mole,;;ules. 

(0010) In addition to T <.:eU immune respoose~, oatural 
killer (NK) cell responses appear to be clinically reh:nnl. 
WllilC T cells recoguit.e tumor as.~ociated peptide antigen 
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