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CELLS BACKGROUND OF THE I NVENTION Field of the Invention The present

i nvention %ﬁ%ﬁ J?q%neral ly to methods for stimulating 5 and ac@3/83/006
cells, and nore gza icularly, to nethods to activate andP&Tzaed2/oesbis to
very hlgh densities and to expand cells to very high nunbers. The present

I nvention also relates to conpositions of cells, including activated and
expanded T-cells at high concentrations and expanded to hi gh nunbers.

Description of the Rel at edAGTIVATIONMAND EXPANSIONIOF CECERtOr (TCR) is a
mul ti subunit inmmune recognition receptor that associates with the CD3

conplex and bhinds to glﬁﬁt i des presented by the nmjor histoconpatibility
conpl ex ( VHC)BACKGRQUNEHOFITHERINVENTIONN t he surface of antigen- presenting

cells (APCs). Binding of TCRto the antigenic peptide on the APCis the
central eventﬁ a '][,ce|l agtlvatlon whi ch 15 occurs at an i munol ogi cal
synapse at t act between the T-cell and the APC. To .sustain
T -cell acti vt on, T Myeniressitenvntiontelds be eﬂ!? 18 mERGAL for stimulatin
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hel per cel %cgig&ié%g ggp Fﬂ %WHPP’?JW@@F@ pes o ﬁﬂ!ﬂi@ aﬂdoamand
expansi on. ZQGE & yehehigh dansrtle$ anﬁimaefxﬂéi';d?ée!lsl@@%ery] With RimBbrs. HiRgnol .
I?dt""%e1§73fé%%syﬁ99ﬁ“’em§" Dl 30! B sRlohe b B, SR alincied mcog
ant i gen- pr es@RdnslgdcEcells ailigh aonnerirationszed expamdﬁd(te high hMehbeds of
stinulating the expanS| on of certain subsets of T-cells .25 have the

potential t generate variety of T cell conpositions useful in
i mrunot her aMM@%&Mer apy can be ai ded by increasing the
reactivi 1§ and quanti tTheofT-elt chntmeRYr \Grl t I e:

iyehY rétlebidr FRERT! is™d! AIRL meg}ﬁﬁ w?ﬁﬂ[nhé’y on

the use of Jepeatfof BeplH DR FteRlBn KU dheneRS Sommiex e biisn o
i nt er | euki nfEEpfides gyesamembydsehmhmedompéﬁﬁlmrcdm 18x A9 tc'l s@%ﬂ jji body
oopopnt o) FUST A2 AR ot AR ol VRS o s 1o
opti mal T - &% antigenic pepide oaxiberAPGiis thencentoal @vieat in Twelliactivatitn, tWiich
T-cells WO%cbuMQt?é}pﬁhﬁ%Sﬁ)%l&?/s%é&%OQt the point of contact between the T-cell
and the APC.
To sustain T-cell activation, T lymphocytes typlcaily require a
second co-stimulatory signal. Co-stimulation is typically necessary for a T
_helper cell to produce sufficient cytokine levels that induce clonal expansion.
20  Bretscher, Immunol. Today 13:74, 1992; June et al., Immunol. Today 15:321,
1994. The major co-stimulatory signal occurs. when a member of the B7 family "
- ligands (CD80 (B7.1) or CD86 (B7. 2)) on an activated antfgen presenting.cel! .
(APC) binds to CD28 on a T-cell.
: Methods of stimulating the expansion of certain subsets of T-cells
25 have the potential to generate a variety of T-cell compositions useful in
immunotherapy. Successful immunotherapy can be aided by increasing the
reactivity and quantity of T-cells by efficient stimulation.
The various techniques available for expanding human T-cells
have relied primarily on the use of accessory cells and/or exogenous growth
30 . factors, such as interleukin-2 (IL-2). IL-2 has been used together with an anti-
CD3 antibody to stimulate T-cell proliferation, predominantly expanding the
. CD8* subpopulation of T-cells. Both APC signals are thought to be required for
- optimal T-cell activation, expansion, and long-term survival of the T-cells upon



PCT/ US2002/ 0253 61 re-infusion. The requirenment for MHC nmatched APCs as
accessory cells presents a significant problemfor [ong-termcult

systens beogisgsdissy are relatively short-lived. Theref gcgg{szibé%%gﬁg’&@%

culture system APCs nust be continually obtained from
repl eni shed. The necessity for a 5 renewabl e supply of accessory cells is
probl emati c for treatnent of imunodeficiencies in which accessory cells

are affected. addi ti when treati @&‘IVI ral infection, if accessory
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Furthernore, the appllnals@abséryce)bf EXGHHRY. Q']Fowﬁ?i‘dcf?rgao? &ﬁ:‘é@s&n’g@eﬁlﬁd to

only a f S tat es X1 mum imn_vivo ecti1venes
Cheor et f‘g ?‘{? g@ﬁﬁ'é‘ ryisignal 6'.’35{ Ee\ﬁ%efeg’e%aa&' -68ll papulaligneforiexasple, by
popul ati on sixpasingibe icelistesa SRS ligard and a@l&?%bhﬁd aRbehestd §%%I1&%%]E§H“ne
or csent i nySaRage sudtlf oSS AT, S € Flnen et Alls- FRisNa b BoGrs): & mor
hi ghly acti vHR@Pladl WEr 894966823 wuleSthehatmemw33aref eqgable of eschiddving and
Chan of her - Sxhepotiody sl Y68 pBpyfalihe %ﬂeﬁ%seﬁ‘*géa%p%'ﬁ%%n?é‘%? Bff;v.r des
conposi t'PonEeHPrepArationeman fessibagrdealy target cel |, including T-cell

opul ati ons and par angi r
gt Iﬁer rel at fo%\ysggant agﬁ%'gzegﬁ:BtI{g%Eﬁ%%f ot T;'%S:ﬁ‘?ﬁiﬁ@él\weﬁq %ﬁ %&%ggh
i nvention p r® i%hg ek dining A poece atcbost of T
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nmpri ses

by cont act ?féﬁ bl 8T Sf iR T8RS hed oRepyinaled fo aaly 2 f‘}a‘i’ma@easgmeéﬁ'r face
35 has 4@t e di@UE dn ovieo oeffentiveness; ntheordtidally] @t exa vivel | oS i f @ps:
moi ety of agerieriiEd? AeiAed F8CeiP BoPHaAT Rhould be in a state that can maximally
orchestrate an immune response to cancer, infectious disease, or other disease
states. The present invention provides methods to generate an increased
number of more highly activated and more pure T-cells that have surface |
25 ~.receptor and cytokine production characteristics that appear more healthy and
natural than other expansion methods.
In addition, the present invention provides compositions of cell
-populations of any targst cell, including T-cell populations and parameters for
producing the same, as well as providing other related advantages.

- 30 BRIEF SUMMARY OF THE INVENTION
The present invention provides methods for activating and
expanding a population of T-cells by cell surface moiety ligation, comprising: a)
providing a population of cells wherein at least a portion thereof comprises T-
cells; b) contacting said population of cells with a surface, wherein said surface
35 has attached_ thereto one or more agents that ligate a cell surface moiety of at



PCT/ US20021028161 | east a portion of the T-cells and stinulates said
T-cells, and wherein said T cells expand to a concentration of about
between 6 X 106 cells/m and about 90 X 106 cells/nml in |ess tH&B3VaBdRA006
two weeks. WOPHE4Bodi ment, the T cells are derived fPEHUS209/028161

I ndi vidual and the T cells expand froma starting nunber 5 of cells of
about 100-500 X 106 to a total of about 100-500 X 109 cells in less than
about two weeks. The nethod of claim1 wherein said T cells reach a
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o erent, o P REh o0 Bl Bt bl s PO e 22
to and fromesla mcludem but syreitdimited t03REMI2B1D, AIM-V, DMEM, MEM, a-MEM,
F-12, X-Vivo 15, and X-Vivo 20. In further embodiments, the media can
comprise a cytokine, such as IL-2, IFN-y, IL-4, GM-CSF, IL-10, IL-12, TGFp,
25 and TNF-a, or a vitamin. In further embodiments, the medium comprises -
surfactant, an antlbody, plasmanate or a reducing agent (e.g. N-acetyl-cysteine,
2- mercaptoethanol)
In further embodiments, the closed system of the present
invention comprises a bioreactor culture container positioned on a platform
30 capable of rocking. In certain embodiments, the speed and the angle of the
rocking platform are variable. ‘In’further embodiments, the rocking of said
platform is initiated on about day 3 at about 5-15 rocks/minute. In yet other
. embodiments, the platform further comprises a variable heating element, a
magnet, and a gas manifold In certain embodiments, the closed system further
35 comprises a syringe pump and control for sterile transfer to and from said
closed system,



WO 20031024989 PCT/ US2002/ 028161 In a further enbodi nent, the nethods of
the present invention provide for a surface that has attached thereto a

first ageniydfdglnddb@ates a first T- cell surface noiety ?’EEﬁJSIﬁ‘ﬁ@{l%gf(@OG

the sane or a second surface has attached thereto a second age
| igates a second noiety of said T-cell, wherein said 5 |igation by the
first and second agent induces proliferation of said T-cell. in a related

enbodi nent, the same or, a thi;ld surface has attached thereto a third agent
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certaln enopodl,eents . ne, a IS an antli Do or_ an, antl bo .
ragment . 1o ce Giae BhisniRha10E8 2 the) 2 gf Aisepend soHact banyaigphad

f L agne Pt T hertbefeto arsbcaond ageat thad liggtesta secami moietp oflyaid T-eelf, wﬂ@n@i{.tsaid

t her eof . : . alr e
G T orent Sn CRGH By e fEDAfY SEBong sl ks Pélidiafiod S1SA FREN, In%
anti - CD3 ant irBleégd embagimeniciize sameedy, thind suifacerhashatigchadathersto afthiag
anti - coz8°;nﬁ%&‘&%3r"’@?‘*ﬁ?jiS‘ﬁ‘@?fbéét‘&@’é?%f‘ﬂ‘é’%é&?’?“%ﬁ"ﬁﬁﬁ& aBST By the 1ist,
the first agSRFORG 2RdaHiifd @%“E?nt'lq}&?? frelifenation celogaid dgeelt i In gertain

ant i - %8 antejninuu,mb imehts, faunémior@hg&htmterm ,afntibgd;a?t ‘f‘"ﬁ’?‘ ifkhy}blt 1er1@8ﬂ1t lhe
anti - n [ resent .at a ratl o or,.abou . 0 ou . . n
certain gr@og#ﬁ%@&(ﬁﬂ%"& ?'%Ef f'@fﬁé’ﬂ?"ﬁ% %argqug’éﬁi? fé?ﬂmﬁﬁgéeéﬁﬂﬁs R thecond
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anti body f rembedimentsr thsr firsthgentris snanti-Ghaniirody] ao antie®DEemtibody, or
popul ations gh ahtibety fraghterit'of GCAt-BEROLALARLCIS bibdly! ARl he’SedlfRl e e

herein. Ope aspect of the present I nvention provi i an appar at us,
conpri si % aSeGWsle @9801 9 ran Atic@PAR rantihasyi or rantisody draamenmtethereokt il ter
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of culture pedium conpr n ce al_a density. rom about
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urther e i 3 ‘ i ar rther conprises a
surface wh eﬂgi (’Ir;gﬁs&tg? § "{sﬂ&)@rg%ﬁghg{sg ﬁ{ﬂ %ﬁ%‘f@g F‘)"Fh%ﬁtgﬁgj d;aétfhogy the sgeend
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surface has chbdinittd, e3Py bR 0 An 2 fibbdl 1 antiBod) itiitht &t n

noi ety of said T-cell. / ( ] |
another embodiment, the third agent is an anti-4-1BB antibody or antibody

fragment thereof.
The present invention also provides for populations of T cells
- 256 produced according to the methods as described herein. |

One aspect of the present invention provides for an apparatus,
comprising a closed culture container comprising at least one outlet filter and
one inlet filter; said closed culture container having inside a volume of culture
medium comprising expanded T cells at a density of from about 6 X 10° cells/ml
30 to about 90 X 10° cells/ml. In certain embodiments the expanded T cells are at
a density of from about 10-50 X 10 cells/ml. in further embodiments, the
medium of the apparatus further comprises a surface wherein said surface has
attached thereto a first agent that ligates a first cell surface moiety of a T-cell,
-and the same or a second surface has attached thereto a second agent that

35 ligates a second moiety of said T-cell.



PCT/ US2002/ 028161 One aspect of the present invention provides for
conpositions conprising a total of 100 X 109 activated and expanded T

cells fro%%$%e i ndi vi dual . Anot her aspect of the present i03£08/@006
provi des f & for 5 expandi ng a popul ati on of cePCEUBH02@d165Ur f ace
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PCT/ US2002/ 02 1 The dand ot h ect
becore on agen uces prohferatron of said T-cell; followmg contact with said

surface for a period of time of about between 0 and 5 days, seeding said
population of cells at a concentration of between about 0.2 X 10° and 5.0 X 10°
cells/ml in a closed system comprising a disposable bioreactor bag comprising
25 at least one inlet filter and one outlet filter: perfusing medium through said
' closed system at about 1 mi/minute; rocking said bioreactor bag on a rocking
platform at about 5-15 rocks/minute; and wherein said T cells expand to a
concentration of about between 6 X 10° cells/ml to about 90 X 10° cells/ml in
- less than about two weeks.

30 - The present invention also provides populations of T-cells wherein
said T-cells are proliferating and wherein said population is at a concentration
- of between about 6 X 10° cells/m!l and about 90 X 10° cells/ml. In one
embodiment, the population of T-cells reaches a total cell number of between

about 100 X 10° and about 500 X 10° in less than 2 weeks in cuilture.
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evi dent upon reference to the follow ng detail ed description and attached
drawi ngs. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NGS 5, Fi 3ure 1
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20 Figures 5A-5B are plots depicting T-cell activation and expansion
with XCELLERATE I™ PBMC (5A) or PBMC having been frozen and thawed
(6B} to initiate the XCELLERATE I™ process. '
' Figures 6A-6B are plots depicting time course analysis of CD25
- expression following activation of T-cells in one donor sample (PCO71) during
25 the XCELLERATE I or ™ process. Restimulation was performed at the 8 day
‘mark to simulate in vivo activation. Figure 6A, depicts CD25 expression on
CD4* cells, while Figure 6B depicts CD25 expression on CD8* cells.
Figures 7A-7B are plots depicting time course analysis of CD154
expression following activation of T-cells in one donor sample (PC071) during
30 the XCELLERATE | or ™ process. Restimulation was performed at the 8 day
mark to simulate in vivo activation. Figure 7A, depicts CD154 expression on
CD4’ cells, while Figure 7B depicts CD154 expression on CD8" cells. -
Figures 8A and 8B are plots illustrating growth of human
peripheral blood T-celis following stimulation with anti-CD3 and anti-CD28 co-
35 immobilized beads utilizing process set forth in Example IX.




+1- reconbinant human IL-2 at 10 u/m and t/- nonocyte depletion. Al cells
were cultured in Baxter Lifecell Flasks (300mL). Scale up refers to a 300nl
flask 5 culture (No |L-2/Mnocyte depleted) that was expanded u®3603/2006
Baxt er Lif &YQI03/029989% ter flask. Figure 10 is a pl ot denprermariongsite

ki netic analysis of cell size as determned by forward scatter flow
cytonetry profiles over tine. Figures 11 A and 11 B are plots representing
CD25 expression 10 over tine following initial stinulation with anti-CD3

and anti-CD28 co- i mMmopbFig gaigig | (~1514 . [ i on
profile of CDéé"o i Cch4+ gugelﬁf 9 whi }glﬁlg?&&@eér%O?E'Hﬁgaggéé@ﬁ%%ggﬁ?égs| on
profile of CD Soﬂo OWS@EP 336" M’Hhﬁ@t’{gl?' ang antuEDeB| ensimmobilizethdegds i n
cel | fsi IZIe as détrecombirant hantan fle2 vwarid aﬁn{t?mj _,J.I,ﬁm&_gyﬁgr@ﬂ{%ﬁgp,( ojc}hlfggs over
tine.follown gl ati on. Fidures an are
plots repr seglt? ﬁg%%‘%ﬁggﬁ’r‘%ggﬁ%g&{%@% S {3693{')? d§‘l’%9vi“ Jersrs tr POSAY flask

gt i pltuse (A, IL12/Monecyie depigied)sthat sastdxpandpd emsioon Baxesri Litcel
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secondary
CD25 on CD4+ gelibsfiagihi | e Figure 13B represents the 20 expression profile

of CD25 on CD8+ cells. FEigures. 14A and 14B are flow cytonetry data plots
representing CD154 ex;ﬂérf &i thiss a3 nlehfemorsmtingdhe kineticuanalysis of welirgtten
primary -and aedetedningd iy fornatiseatt y kgure 14A
represents the expres?'s.ﬁy rofile gﬁmg%%?gﬁﬁcﬁﬁ’eggﬁe@l%i | e Figure 14B
represents the 25 exp é@ﬁ?gn. A0 1 4B oarechipty, represemting: £1025 empressionts i s
a HIOYV cytdmevey t'mealfqdlowing ejpitizd e stimotioP1 3th @@.gf@lgzgi gﬁdogilg%&-_l;og%p _ged
T-cells in s ; 1420 S y. Stinmu ion. I,gur es, an are
f1 ow cyt omet ?ﬁm&g’t'";z%%gsd@ i g%gg%gﬂféﬁﬁp@%ﬁ{sg&'ﬁr@%?%gﬁ Arotdeiaf £32% erdar y
stimul ati on, -dbf’er eells, wlenBiguye 13® sepreseatsi e expressionvysrofilev af IGDRS Ghour e
16A represenCpgthngxpression of CD54 on CD4+ cells, while Figure 16B
represents the expression of CD54 on CD8+ cells. Figures 17A-17D are flow
cytometry data plots rE‘SF&éaﬁ Ry iflustrgteschanges inscallesize as dRdMMinadd

CD137 exfiBesby donkard auattes 6w ceyigrsiny 3BrodsTolar b Wiicihy - $AMaA Sno

chr angzﬁyﬁgﬁ%%’&%@@f Hittulion. °Fi 'gﬁr es 17A and 178 7 WO 2003) 024989
03/03/ 2006  PCT/ US200FigaRs613A e SIaB afplotdépféddhting! CB2BT §R58LsibR
sanples 13 Akt 1R YoidMwidd' bAaR and secondary stimulation. Figure 13A represents
the expression profile of CD25 on CD4* cells, while Figure 13B represents the
20  expression profile of CD25 on CD8* ceils.
Figures 14A and 14B are flow cytometry data plots representing
CD154 expression following secondary stimulation, wherein primary and
secondary stimulation sources were varied. Figure 14A represents the
- expression profile of CD154 on CD4* cells, while Figure 14B represents the
- 25 . expression.profile of CD154 on CD8* cells.
Figure 15 is a flow cytometry data plot representing CD137
expression on all expanded T-cells in sample following secondary stimulation.
Figures 16A and 16B are fiow cytometry data plots representing
_ CD54 expression following secondary stimulation, wherein secondary
_. 30 stimulation sources were varied. Figure 16A represents the expression of
- CD54 on CD4" cells, while Figure 168 represents the expression of CD54 on
. CD8" cells. :
Figures 17A-17D are flow cytometry data plots representing cell
phenotypes as well as CD154 and CD137 expression following secondary
35 stimulation by anti-CD3 and anti-CD28 coupled beads of T-cells obtained from
a patient with B-cell chronic lymphocytic leukemia. Figures 17A and 17B



with anti-CD3 and anti-CD28 coupl ed beads (17A) and 18 days post prinmary
stinulation and 7 days post-secondary stinulation with anti-CD3 a
anti - CD28 wapttbsshspeads (17B). Figures 17C and 17D are fd S %Ey’%@é
plots 5 representing CD154 and CD137 expression after secondary s | ati.on
of cells obtained froma patient with B-cell chronic |ynphocytic |eukem a.
Figures 1 BA-18C are plots representing the expression over tinme of IL-2
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bnd secondar y IR K74 BhR DRt ERR préinn b samilos ik days PrpLsadAten. 108
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with anti - i b { Flgure 20 isS. ot .depicting
t he per cen%&ﬁg@a@&bg@%&%} §g°‘$§qqﬁ%zﬁ}'ﬁ8%§PPdﬁ' f"f‘%‘g; fnd éHﬁTQQi‘% and
ant i - CD28 co-GONRISS Prads (hédks Figwiegut 23 ard A7D1ake dlow pliohminedarspists Ny
fl ow cyt orget rgprdgkating CH153 4 ' J: 1ty of CD25
and CD1 54 ex %Ssqilr?%@ reﬁggﬁ? vbg?)? F%%f oW néhgl'?lg rr_u: Eli S‘gﬁgﬁ**@f‘@ﬂa%ﬁ F'?'T&%S
and ant i - CD28PIMCATFOM fiP2leNt with Bcell ehranic Iynaplegyligilekesniaut i | i zi ng
process in Exanpl e | X Figues d8A200E a7BpRIS réprebantifP RS 8RreBSioh| W time
cytonetry. analy f ai ni ver control stalning, (dé).gg. ,
backgr ound) pﬁ"@%ﬁ?@"’%'{‘%gﬁ&'@ﬁ‘ Néﬁﬁ@ @1?{) % §18G} falawinopipan
CD4- enr i chedapd secandary stirediion gffi-cells fromamirinalBened ant i - CD28
co-i Mmobiqlyi zed bead st k QR A-23B are plots.representin
ELI SA ang:oysi of TNF-_';@E%X?BJ@ ﬁ%\f’f?t% %%%BSPHE'PI%&D"B"?%?P% gfglime o
stimul ati on &PEsbdoliawdng stimuision wimanhOPZandianti-GD2s coipicdheadst | - CD28
co-i mmobi |l i zed beads. Baufd 94 : i l S
anal ysis of ot (G40 Bule 20153 AYYUCHCY B belcinil GF EEi4 BECRE Glsor
peri pheral BPEGYING SHEKBHEGN with gntitCR$ nd @nd-GREs aetimnapizebbeéadsbi | i zed
beads. Figure 25 is a Figglesdemi-ol Bitel disis | hi ' 1 Ng
sti mul at Jl$n fﬁé"@‘g’gg’ghﬁ'ﬁ%&" gl ood l%’ﬂ%h(ﬂzt g{?ﬁgﬁéﬁmﬁﬁﬁﬁ‘%ﬁgﬂoﬁé@%@%8 co-
30 i mobiTi zed” bee uBYNGSPERGa ftensity (of, Cligd \ands CIM G expressmm 6L
?Ir e bar grapRspedivebstoliowing slimulatiph Qﬂﬁg gmiﬁ:{?@ anﬁ;arﬁpﬁﬁaB ngg&?ﬁﬂzﬁili{)bﬂi?%tsgan
uor escenc | . i = ,
CD69 (MFI) %f%%%%?’%ﬂaﬁ‘@@@?'%F g "i‘i)'-:dﬁﬁ“i’q%bét ter (size) (26F),
viability (%1ive gat &jguresERA-a2B drelpleisi repretentingafiow mytirétnd analysks CD3
and ant i - CD28 CIvt548RMihé Ho- st muhat i h S
2003/ 02459 ol 03 S00E h SRS Sl . bAEkBuBt) i bIR, BBl oo
coe2L, E69 6e Clessubpopuiationsi824) or £LDentisher populations 22B)y lpeidi on,
respectivel jo anti-CD3 and anti-CD28 co-immobilized bead stimulation,
. Figures 23A-23B are plots representing ELISA analysis of TNF-a
(23A) and IFN-y (23B) in media following stimulation of peripheral blood
lymphocytes with anti-CD3 and anti-CD28 co-immobilized beads.
25 Figures 24A-24B are plots representing ELISA analysis of IL-4
- (24A) and IL-2 (248) in media following stimulation of peripheral blood
lymphocytes with anti-CD3 and anti-CD28 co-immobilized beads. :
o Figure 25 is a plot depicting increase in T-cell size following
stimulation of peripheral blood iymphocytes with anti-CD3 and anti-CD28 co-
30 immobilized beads and using forward scatter analysis.
| Figures 26A-261. are bar graphs representing flow cytometry data
of CD62L expression {mean fluorescence intensity, MFI) (26A), CD49d (MFI)
(26B), CD25 (MFI) (26C), CD89 (MF!) (26D), CD154 (MFI) (26E), forward light
scatter (size) (26F), viability (% live gate) (26G); all following stimulation with
35 anti-CD3 and anti-CD28 co-immobilized beads and re-stimulation with the same



Figure 27 is a graph depicting the fold increase of T-cells over tine
followng stinmulation'wth anti-CD3 and anti-CD28 co-i mobilized beads 5

w th varying ratios of CD3:CD28. Figure 28 is a graph conparing (exp@BRgi2Qg06
of T-cell sWO2043/624989% ¢ system to expansi on of T-cells ipcthe20086R161

Bi oreactor. DETAILED DESCRI PTION- OF THE I NVENTION Prior to setting forth
the invention, it may be helpful to an 10 understandi ng thereof to set
forth definitions of certain termns that will be used hereinafter. The term

predon nant | Sohe; SDBe AR Bt De, Cfod CBT0.16Plot.ind Cags avea
her ei n, refef‘sa'lcb"Qahwfsrﬁﬂsi’Stlm’a%@@pmsgechwl&de by ligation of a cell"
surface noi et y. For expgpte 27 i3 4 fap f?%b%hgotherﬁfoemsd?éés r ar@% I at i on

entails the

i on. of tar” and uent
event. Wth kg%p{? ﬂmﬂﬁfa Wit anti- QDI&@@F’IE‘“C{' 628 @*lmmphdlzembeeders to
the |igat ﬁonwhvaryTng:eatiosmermeDza ety that "in one enbodinent

b tl d t t h bi ndi 20 th
TCR B corml ex.Furt nEpUR 28 i AR PomPalic e an. o el it & statind
upregul at e o$YSi@m®@gpafamen@)‘(ﬂ'ﬁ@!sumthedwayec&@teaomrof a nol ecul e, such as

downr egul ati on of TGF- 13. Thus |l igation of cell surface noieties, even in
transduction event, may result in the

the absence %Il' i rect SIPgE

reor gani zatig A@-féh ION-OF THE INVENTYON n t he coal escing of cel
surface noi eties, eaclp o] erﬁllan

al ter sugﬁe ue cel.l r@is’rpm;%émﬁ h%m?gbﬁq ﬁﬁ’%ﬁﬁ%‘t |Iton %% hg@g‘”h}eﬁ% eq?h
refers to t ﬂ.glcge{%{grédlgg tﬁe@g 0 sehiqridvdefinitiqrs ofcc@mmd@rms @Lﬂff\faﬁ@emﬁm y
.liigation t dereidafter. a not i ceabl e biochem cal or norphol ogi cal change.

Wthin the context of uch clivatio refers to the state of a
T-cel |l that has been sﬁ? R'PEV“E?‘@EI é’tse‘tfepg"%'ﬁ"\'ﬁ Estocdtbe PRty of

proliferati &ﬁ’lnmdoaﬁnantlydtoratoimmIiknﬂgmellal so i nduce cytokine product i on
and performance of re a yt or fu tions. Wthin the
THo Pl SmAIBhY b, foed Tiein, it Foa IO of '

cont ext %r ot her ceIIs I's termin er's
particull FRSRANES.-ip 'é@ﬁQ:QIY kgatiopsef aTeel sefane Mmoiely. , Fas exampld)cinahe,

e T AR L R il
te erpecttnstoydation oba Teells a
cel | surfacsuchistitylatibar refersatipttfe ligdtort 6f @ TicRlCSurfAd MGy 1RaY if Bh&®
greater thag.grauidy sﬁbsgquerttf} induces a signal transduction event, such as binding
20 the TCR/CD3 complex. Further, the stimulation event may activate a cell and
upregulate or downregulate expression or secretion of a molecule, such as
downregulation of TGF-8. Thus, ligation of cell surface moieties, even in the
absence of a direct signal transduction event, may result in the reorganization
of cytoskeletal structures, or in the coalescing of cell surface moiefies, each of
25 which could serve to enhance, modify, or alter subsequent cell responses.
The term “activation”, as used herein, refers to the state of a cell
following - sufficient cell surface moiety ligation to induce a noticeabie
- biochemical or morphological change. Within the context of T-cells, such
activation, refers to the state of a T-cell that has been sufficiently stimulated to
30 induce cellular proliferation. Activation of a T-cell may also induce cytokine
production and performance of regulatory or cytolytic effector functions. Within
‘the context of other cells, this term infers either up or down regdiation of a
particular physico-chemical process.
The term “force”, as used herein, refers to an artificial or external
35 force applied to the cells to be stimulated that induces cellular concentration



addition to gravity and not solely gravitational force) that induces cell
concentration and/or cell surface noiety aggregation. Such forces jnclude 5
transmenbrane pressure such as filtration, a hydraulic force, af3Q®2{20804
force, aﬁ”gégﬁ’é’?fg’éﬁl force, a centrifugal force, or a nBgHEPI829§ide.
ldeally, the force wutilized drives the concentration of the target cell of
interest wwth an agent that I|igates a cell surface noiety. In various
contexts, the force can be pulsed, ie., applied and reapplied (e.g., a
magnet i ¢ f or @aadosoricdntratibruohedlihithahe agent tHdd hindssa wglitsuefape rmbietyi. oFopf

et R0 . . ; 1oRey. ORc
P51 il ¢ aneouSratpie it etaf RRGETIKIGST AP fore reafref Mavity (i o
concent r at i n@dgiéions tat graviyir finde nohasolelys geavitationalf dereehothat yinducesli ogll

ts att ' ' ' h
2nd i th e DrcomRiRdand/BF Al shitace Mtiet’ SagRBafion “Sleh bl RALGE 'nC
term 15 " s nifRPSIREIRang gEasSHER sych as fillatign o3 hyd@aulic fercaga eladkical forget

Cheroto.  as onascletieallfoicnt TG for6e: O Baaretis R, R, o
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zgct ijvzﬁt ion, ligetes & call stafaveymbietyx ro sadousocentextsf ﬂt:zaefwwbaa&eaptﬂsecamnet i C
ea avi n i - . S € r n
subsequent ?yaé%_ir?c?g%{] &%ggﬂﬁ%@q%%%&%%$§gt& ?ﬁﬂ@aspn{a{%}i og{_)%[@xgny\hi |l e
cel I s and0bepuisingdhe population of celis recambination gr&hua:paramgﬁetme?etmy during
concentration of cell s—,-ﬁaéiggr}ﬁ @gig.ll_lltabhg?gnlr ;&g @%Q]Iuh?reiﬂ'h%ﬁ%rgr%\ thteafaQ:?tlh [ 1

as used hereip, refers to any ce| ende e stinulated by
cel | surf acenhgicdtly ypapueprrentialingagelisndlag surtase tbal hiasreglhsurfaee mpistynot h

pol ycl onal  asifidingRitests atdchdd theasth Sesults IM@dricepftafién of cell RN 6a8H bther
mur i ne; rmuseq—&ugaﬁ' rr%use- ri gﬁt e‘;d 3nd chi meLl - and nﬁé be ag I nt act
mol ecul e, a FMGYHRhe sufaceJnusdigands di&cagents),, ibﬂ",evle&bt, 9 obiNg termn) * 2
;r agnent ), “simuitdricous’ does ritl peglucigapresions iéinﬂiaat omﬂeacargets celigivith a
ragnments; yeQCeour | e or.he .produce e. L,uni zat 1 on,
synt hesi s o?ébg’gggt P%‘" gi"ﬁ@eg‘?‘ﬁﬁé,}e aﬁ’meg‘ﬁtp'ﬁgw a9 Hbsma&qcheﬁs tl'ngrg 'h&Pei n,
refers to frcoprentratiordeand eflirfhresmligand ebintding t ocaurs  asimultarbousiyhi ath thend
antii gen and | j &oed ST ' 7R it
structural fdggFtéJ'ﬁtéésﬁbtrﬁg?% aci Flg{ g?%rtnél éartgﬁ‘ggh%g@*tég{ gﬁg,%ﬁ'%%ie.mﬁ' tB? t he
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2003/ 024889 ¢4 984 %Q%D%mgglaﬁaéﬁgﬂ-tﬂar@@ér?d s ehtlg BbnEdiRtdted
vari abl e regl on (aVIFP . q,eiavy_nc]hal n yariable I‘e_PI on (VI and conbi nat1 ons
t her eof . y a magnetic field. us, in this context while cells and beads have previous
‘contact and ligation, nevertheless, during concentration of cells additional
ligation occurs.
The term “target cell’, as used herein, refers to any cell that is
25 intended to be stimulated by cell surface moiety ligation.

' An “antibody”, as used herein, includes both polyclonal and
monoclonal antibodies; primatized (e.g., humanized); murine; mouse-human;
-mouse-primate; and chimeric; and may be an intact molecule, a fragment

] thereof (such as scFv, Fv, Fd, Fab, Fab’ and F(ab)’, fragments), or multimers or

- 30 aggregates of intact molecules and/or fragments; and may occur in nature or be
produced, e.g., by immunization, synthesis or genetic engineering; an “antibody
fragment,” as used herein, refers to fragments, derived from or related to an
-antibody, which bind antigen and which in some embodiments may be
derivatized to exhibit structural features that facilitate clearance and uptake,

35 e.g., by the incorporation of galactose residues. This includes, e.g., F(ab),
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The term "protein”, as used herein, includes proteins, polypeptides and
peptides; and may be an intact nolecule, a fragnent thereof, 5 or

mul timers or aggregates of intact nolecules and/or fragments; ampd ®y/0006
in. natureW&20pE0¥8duced, e.g., by synthesis (includi ngechesicanbzsaqd/ or
enzymatic) or genetic engineering. The term"agent', ligand", or "agent
that binds a cell surface noiety", as used h erein, refers to a nolecule
that binds to a defined population 10 of cells. The agent may bind any

cell surface ¥cFe URjht @A an ot her.
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l'i gands. ation”, as used h erein, includes any neans of substantially
purifying one corrpone'm'hefileunsa‘fageherthéle{]mds By céil |§drﬁcé°ﬁ10i€t¥”%ﬁaet‘déﬂ

b 50 oot S S8 e g o868 iy S5l amriana

2003/ 024989pmmﬁgggwmm2lbemmlews shatild tesviewed dvea eomplenedrans/arsti-any

sur f aceag ap@tﬁhﬁleﬁ{entary set of molecules that demonstrate specific binding, generally of
relatively high affinity (an affinity constant, K5, of about 106 M-1).

A “co-stimulatory signal”, as used herein, refers to a signal, which
in combination with a primary signal, such as TCR/CDS ligation, leads to T-cell
proliferation. :

25 A ‘ligand/anti-ligand pair”, as used herein, refers to a
complementary/anti-complementary set of molecules that demonstrate specific
. binding, generally of relatively high affinity (an affinity constant, Ka, of about 106
-~ M), Exemplary ligand/anti-ligand pairs enzymefinhibitor, hapten/antibody,
. lectin/carbohydrate, ligand/receptor, and biotinfavidin or streptavidin. Within the
30 . context of the present invention specification receptors and other cell surface
moieties are anti-ligands, while agents (e.g., antibodies and antibody
fragments} reactive therewith are considered ligands.

“Separation”, as used herein, includes any means of substantially

purifying one component from another (e.g., by filtration or magnetic attractibn)
35 “Quiescent”, as used herein, refers toa ce!l state wherein the cell

“is not actively proliferating.
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havi ng an agent attached thereto and includes, without limtation, netals

gl ass, plastics, co-polyners, colloids, lipids, cell surfaces, an
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a particle such as a bead. One aspect of the present invention is di rect ed
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the concentration of cells, ligation of cell surface noieties, and
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(i.e., ar| ation eceptors one, Qr B of a
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expandi ng ¢ ce W

aePat [ ongt hré gg ég’egﬁjrﬁg Wﬁl geﬁ%&@%ﬁn b% bggﬁ{" 8%4@%%@(: B QrerSSBhst

cel | actlpvainvention maae f@actionoby daking (ﬁivaatage ofi acpbenaraeihon M\@va@rllgld i es

and absol ut gy ﬁﬂfbr r‘éﬁ@@fdﬂ st rzativh! hTﬂe;rﬂFenofr‘i’éJfaeéte Qmﬂérciﬁlthét

present I nvention a varl et tages

el i mi nat es ?%eﬁég %m't@t@e{ﬁd}hanéemﬂb@f/mnabﬁw@sdLmosttypthscaggseg@tlon
"uncoat ed" gfaligid ¢hits ,com;mamg e s@ﬁﬁ@él%&ét.é& oTﬁﬂahée@%ug’rﬂqlWahbaﬂctfo?l""er
cel | transfer[s(a]ch%e £ genf | evel (f) -crel actlvatlon
during act?¥&dPJRCH 85'5( eS’I gﬂa\fﬁzetﬂm 9 r‘@ﬁ@k‘f@&g tHe0ng:n@r EyencsRvaal cel |
nunber s20 acerqa¢s) offancek e Mhusheotogyly doed uieh aelmm ligasion leed fion t he
Phe 1 oxt bi fgbBdEtotlist il 4EaBataly al brofibealie) oo Bé%?ﬁaéﬁ?mé” B85 Vo
2003/ 02498aPped 31 goagnifdny UB20Gignap dtarisductian edeintt iob aang s pelt ttypés.t he
pr eseht | nveditichially 2whilé Still HE wiiiA'th be bound by theory, the present invention
may function by providing optimal aeration for the expanding cells. Thus, cell
25 surface moiety ligation combined with aeration through rocking and perfused
media lead to unexpectedly robust cell activation and expansion of T-cells to
unexpectedly high densities and absolute numbers. Accordingly, within the
context of T-cells, the present invention provides a variety of unexpected
advantages, first it eliminates the need for a separate monocyte-depletion step
30 using “uncoated” particles, simpiifies expansion of T-celis by requiring fewer cell
transfers and fewer reagents, increased level of T-cell activation during
activation process, significantly reduces the time to achieve cell numbers
adequate for cell therapy, reduces time and labor involved in the processing of
the cells, reduces the cost of manufacturing, and increases the flexibility of
35 scheduling patient processing and infusions. '
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or nore surfaces are utilized with or without |igands/agents bound thereto.
In this enbodi nent, the various surfaces may have the sane or different
agents attached thereto for binding cell surface noieties of t&3kd3¢QA0G6
For exanpl ¥O W0¥048893ragneti c bead may have attached t hePeT@szumzarsaébody
for a receptor on a target cell and such beads may be mxed with a

popul ation of cells containing the target cell. Further, the cell

popul ation may be mxed with a second or nore bead with . the sane or
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rudl e, SuGLTARRIS! of bels Ssamy B fardet &, ATRBNAR felgle IR Lise 6 °or

st udi es sugé;rest th%te for. signali"ng to Occur, cri
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par 1 ol o5, SeEBfSuoeh ol VL ARoER examRkaran adeat thatibieds & pall suface hor t | y
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Conceon rac g eefh PRt N Bl AR TR Gilned 85 1 . magner ¢ 1orce
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2003/ 024988, Qr%/s%ﬁ{ti%got?ut a'?goT /mlgy 8 %%{a%ﬁg& %L a surf:gjp Ligation of c:eal:JI surface

moieties, such as a receptor, may generally induce a particular signaling

25 pathway. Recent studies suggest that for signaling to occur, critical

concentrations of lipid rafts containing the requisite receptors must aggregate.

By way of example, raft aggregation may be facilitated in vivo or in vitro by

attaching ligands for particular cell surface moieties to paramagnetic particles,

exposing the ligand-bearing particles to the cells, and shortly thereafter or

30 simultaneously applying a force, such as a magnetic field to assist polarizing

_- the ligated moieties (e.g., receptors) and concentrating cells in a small volume.

The application of a magnetic force concentrates the cells as' well as

‘concentrating the cells with the surface having agents attached thereto that

ligate cell surface moieties, thereby bringing greater contact of the cells with the

35 ligands, resulting in accelerated and more potent activation. Many app!icafions

of the present invention are possible, for example, if cells have low numbers of
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and/ or dysfunctional receptors, the nethod may sufficiently concentrate
such receptors inthe lipid rafts to overcone such defects and to rm t
34 03( 2006

proper sigb%é,%‘i@sgtivity. One exanpl e of such cell sur%&;&ﬁr&% P??If}ri o to

correction is In patients with certain types of |eukem
cell surface noiety 5 stinulation with agents such as anti-CD3 and
anti-CD28 anti bodi es several normal cell surface markers are unusually

|l ow, such as the CD3/ TCR conplex. By stinmulating these cell populations
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t oget Per t t hewbeny me]lturned tndubuphtient. 1(_'emey;ﬂét Mﬁtéf dpbﬁ:a@lﬁﬁbicgfihtﬁg; inWhﬁorﬁ%b%llg be
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I gea in tyrr)'rin l(;‘::]gl b%xégg%?ﬁﬁevntc?hg%@]mtﬁﬂu?n&c?gg’ﬁ'it‘?fg W&L’%’ng‘ngﬁﬂﬁgufﬁ%m%
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particul ar phenotypi cm)r changes. int """ The stimulation

of a target cell by i 8%{184(%8';)%{1:0%%4@5 SFreepianassam oG dould usecGr| ul ar
ol LUl ar pr aeanpoon et et ot LB GrRs ndconfautith 6 Wik gite ITHA D ges
n the cel | TR 0pE ARHS hefl, ol to k) SURRLR Banciiows e Hoped
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. signal transduction events that are very low leve! in typical experiments and

' thus screening for drug compounds to inhibit or somehow modify such signal

transduction events.

- 25 Stimulation Of A Cell Population
The methods of the present invention relate to the stimulation of a
target cell by introducing a ligand or agent that binds to a cellular moiety,
inducing a cellular event. Binding of the ligand or agent to the cell may trigger a
| signaling pathway that in turn activates particutar phenotypic or biological
30 changes in the cell. The stimulation of a target cell by introducing a ligand or
- agent that binds to a cellular moiety as described herein may upregulate or
downregulate any number of celiular processes leading to particular phenotypic
or biological changes in the cell. The activation of the cell may enhance normal
- cellular functions or initiate normal cell functions in an abnormal cell.. The
35 method described herein provides stimulation by forcing concentration of the
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cells together with the ligand or agent that binds a cell surface noiety.
Stimulation of a cell nmay be enhanced or a particular cellular event may be
stinmulated by introducing a second agent or ligand that |igates(8/AE38R406
cel | surfYESUHREBY. This nethod may be applied to any bed/UsRaroesdsich
ligation of a cell surface noiety |leads to a signaling event. The

I nvention further provides neans for selection or culturing the stimnulated
cells. The prototypic exanple described is stinulation of T-cells, but one
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asI :3 cel1:05, nEurcﬂﬂasIe,Ll mgg_dﬂl{s,cbématop@idlierstfbﬂrmﬁ_lls@id Fem@ﬁiﬂc{iétf& ?n%@?hﬁ@r Itun)g
cells, glan r ek ape forming cel|s (psteocl.asts, etc.),
germ celgl s ?g'i%déobrzgﬁ%%l Qs@eiﬁﬁﬁmﬁzﬁte@eﬁg I i?ﬁ%ﬂ‘&“}’@%ﬁ&&ﬂﬁﬂlf\% Slgans,

d oth Rayrapa epatisdprogenitdr and fsiera tritiracdlig agytelyie T-eklisncl ud
(but not rZde:é@ ehg)) ‘B-Faifke K kI STk e? ﬁfdﬁﬁ:ﬁ sgamythiy?m QABC TR
and maj or hi s}oco )at i bl?l fy léﬁgo‘rrpﬁ{eéx ?Wa rrgen, %CRR@ 8%_"&& VHC
tetramer, TelS, Ml PR SRMGERS islet gells, atep Aprordingtyl the presant dsvantiBn( SEB)
toxic_shsckaspiplovices pooulbtiond SRl ressitihg b hid maid i3 R

ol yval ent ) PORYETET RS Siriinch EMenRb Rical SheEiCtaRios o iauling Ascp lEngh
recept or anspeelis phieratypic ER@rackeistiter and 30 anti-FAS anti bodi es, CD54 and
T tiocy ot uncet oo ASTRELAAN by L L RSl 5o, 0l it fop,
respective coptexti oidbe presend ineentiare pfor examplentell- iypesisuch as BeeglispT-
I boct 2 gIBE ACLoHIS) o BRI 48 pATGTHY Mol AP oS gy F
respect i ve (FIERFHIE) eeiifeshbaiy Homming celifosieociasts t elsi)r gerpurasdls (e.g., e
15 00 2003 e are onid oo, ot ot s Ton
antigen receptor (TCR) and anti-CD3 mAb, TCR and major histocompatibility
25 complex (MHC)+antigen, TCR and peptide-MHC tetramer, TCR and
_ superantigens (e.g., staphylococcal enterotoxin B (SEB), toxic shock syndrome
toxin (TSST), efc.), B cell antigen receptor (BCR) and anti—lg, BCR and LPS,
BCR and specific antigens (univalent or polyvalent), NK receptor and anti-NK
receptor antibodies, FAS (CD95) receptor and FAS ligand, FAS receptor and
30 anti-FAS antibodies, CD54 and anti-CD54 antibodies, CD2 and anti-CD2
antibodies, CD2 and LFA-3 (lymphocyte function related antigen-3), cytokine
-receptors and their respective cytokines, cytokine receptors and anti-cytokine
receptor antibodies, TNF-R {tumor necrosis factor-receptor) family members
. and antibodies directed against them, TNF-R family members and their
35 respective ligands, adhesion/homing  receptors and their ligands,

adhesion/homing receptors and antibodies against them, oocyte or fertilized
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PCT/ US2002/ 028161 oocyte receptors and their |igands, oocyte or fertilized
oocyte receptors and antibodies against them receptors on the endonetri al
lining of uterus and their |igands, hormone receptors and thei P3/d5péeli0fe

hor mone, h¥PARY2#B¥8ept ors and anti bodi es directed agai RSTUBHEHP283¢]d
others. 5 The nature of the binding of a receptor by a ligand will either
result in the nultinmerization of the receptors, or aggregation/orientation
of the receptors, such that signaling or cell response is upregul ated,
downr egul at eecytaceetpiost and theiprigasds, oocyi¢ frer feriiized| ocoybel recepiorst anaonf er
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one coul d acaccblerated, imprpved,eyr ahewtisealiéred scaaﬁwt:onfmafpmmunlanbedemprl bed
above, in p C t ; C d ally
ori ent ed | | oachchs Hell ARG, bGRECE@ERyE ool iSpRldr nEfinsBHCaaPall
expansi okP i Nt@racHiBN @Syl ting in higher nunbers of inf useabl e and nore
robust cells for thergpgu | At a C r

i nvention provides for ne:éﬁ(gd of éggt Ib\f?étﬁl rl}ie'ibvp et thtl'rari]tet ?ﬁggl"%ﬁ'ﬁto very
i oh dens, TTAENERZaI G GOMTaIRIany ORI EH Patcalation ok ceb urare Brcietissnd

resul ts i n g2bulgedofqiracticadberefity hi gh nunber of cel S (as many as 800

billion cells are expanded from one in artin n ber of
cells of about 0.5 X Tpbe"e &xpmple, &%W'&eﬁ%’??&v @Q'gﬁ'b pt or

"aggr egdbi opreskoting etélls wsually desultst 0 aggrbgation wﬁeﬂ'OFklanaﬂBproy&bsk“é@'t?al

benet i oi o (guioafization poRffatioh Bt Elaion” ek BpBRE AR Ry RAMIE®
as tunor - spdeingi l’BafF!B@(ﬂﬂ' gpatoa&:ha&rswht@thqsmezawbeddmgmom thegaisanoei on
and or | ent agf ‘HBrRak iflyRpor: bén?aaw.a%h'caﬁcf bBiH'gsé&B?érafét IRpHRCollbitleritde! L0

obtalnfor f t tolerized T- ctrvation coul d
used vm@fklﬁqcﬁ b ‘{‘5'8%‘?%3( 1deseribed iahenes e particular daough the aecaleraied d
T- cel | s20r csorarolied"arid sgai;auytmem@dl ﬁgﬁibra@menoaﬁ@@bmdaehéfké%mmbe the

Dol S el B SRR g 3R asSs BF rigbab nd "

more robust cells for therapeutic applications. - In particular, the present

invention provides for methods of activating and expanding T-celis to very high

densities (ranging from 6 X 10° cells/m! to 90 X 10° cells/ml) and resuts in

25 production of very high number of cells (as many as 800 billion cells are

expanded from one individual from a starting number of cells of about 0.5 X 10°

cells) Other benefits could be improved receptor “aggregation” for cells with

defects, such as lower-than-normal TCR density on the celi surface. Similarly,

in vivo applications could be beneficial where specific T-cell populations need to

30 be activated, such as tumor-specific T-cells at tumor sites. Improved receptor

. aggregation and orientation could provide an activation signal otherwise difficult

to obtain for functionally tolerized T-ceils. Further, such activation could be

used within the context of antigen specific T-cells. In this regard T-cells from a

~ tumor could be isolated and expanded and infused into the patient. Similarly,

35 T-celis exposed to an antigen either in vivo or in vitro could be expanded by the
present methodologies. '
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T -cellgp t irAlniAd - face |jgation. \Wile in’one
o P e QR B 4l S gdaiog e pibcas oo
where the al?€i 1GBHS.arl8 aneiaspees of dbe quesantf investian, cardibopiss2RROTH hAgbeads,
ot her meansCD@8bae &d-MmeBliked 288 hheufrhgandss t L racd GONGEaL T ated
fashion areg available in t e art?ﬁsécﬁuﬁ%%od? o‘?'%géﬁfﬁjl%{ﬁa}?& gor such
im ization includes particles, and in certain aspects, beads, such as
- paramagnetic beads. In another aspect of the present invention, any figand
25. that binds the TCR/CD3 complex and initiates a primary stimulation signal may
be utilized as a primary activation agent immobilized on the surface. Any ligand
that binds CD28 and initiates the CD28 signal transduction pathway, thus
causing co-stimulation of the cell with a CD3 ligand and enhancing activation of
7 a population of T-cells, is a CD28 ligand and accordingly, is a co-stimulatory
30 agent within the context of the present invention. in a further aspect of the
invention, a force is applied to the mixture of T-cells and anti-CD3 and anti-
CD28-conjugated surfaces to concentrate the T-cells, thus maximizing T-cell
surface ligation. While in one particular embodiment the concentration force is
magnetic force applied where the anti-CD3 and anti-CD28 coated surfaces are
35 paramagnetic beads, other means to bring the celis and the ligands together in
a concentrated fashion are available in the art. Such methods of stimulating a |

17



17 WD 20031024989 03/03/2006 PCT/ US2002/ 028161 T-cell popul ati on provides
significant bead-cell and/or cell-cell contact that induces surprisi n%loy06

greater a%vzﬁ(}}i on and/or proliferation of T -cells. Further mofs/ QBé
i nventive WEREAE ¥ Pt er the cell surface marker profile RREPEIH2/038Ha

activated T-cells express cell surface markers that indicate a nore normnal
5 phenotype and | ess variable final product conpared to the profile of the
T-cells when first isolated froma subject with a disease. The Prinary

Si gnal Tpe bﬂ'fﬂelﬂ_ep??nlatim@bsildessq:iglﬁﬁt@ﬂebé@:l,!—cé!{ a!r':]dlé[l_ Tteltekll sdritant! ﬁ{dtog
are set fort ’ ction between the c ex. an

10 antigen piﬁggéﬁgegn Iﬂﬁ%lé% ur?géé‘t(%ﬁ \%&cﬁ Eﬁt h ?d/%Cpﬁqlggé%oP?%%uﬁ-l

mol ecul es onFdfhelfmargethegneentiveimethods lalienthe cetlbsurtaceananker pfofits whbesthcal
events ternmeghe &hA gyt - Al i ' 'E?%I% gctiv tion
of T-cell ca?r? b bﬁgﬁﬁ?fﬁg S% @t%urrﬁb gtqﬁ%“e?ﬁéh#qﬁgiP% | ex
or by stiYul RISNYYREEN \@ifaple- ting)sedudt comparad ito s prafite of theaT-catisi body
can be used wicerafitst istiiated From E%ﬂb{e@th&tﬁ Ldisdage@! | s via the TCR CD3 conpl ex.

A nunber of anti-human CD3 nonocl onal antibodies are commercially
avail abl e, exenplary are OKT3, prepared from hybridoma cells obtained from

the Anerican TypdheuPtimaey Sigokl ecti on, and nonocl onal anti body G19-4.
Simlarly, stinmulator : . | = I. | es _are known.and ..
avail abl e. Stimul ati oﬁrh%ﬁélgg% '&%BEWW%WWEsétgggﬂrzeér’ﬁ"f%‘gﬁeﬁﬁs]s“@q?%ﬂ cally
acconpl i she@r@$iehdodhdyiafiynbelown biteractibe dstween thei TEB/GDS compleciihd
anti bodigs. antihd Infésanted MBI bﬁ{ﬂ.ﬁ | ﬂ‘@% ' ' have been
descri bed incl lgjde zﬁe f ol mbﬁgh t] e@ﬁl@g‘%gnti o(‘gégél ﬁ&db@g%ﬂt ﬂ@iqc i t h
the T11.1 oP™AM AMigeRPrespnoMElcinitiglesia. series pf bpcBemian &ventsoBtmedand
the 9.6 ant ahtighn-6pbiifi® T-86P HbtivaFort. NEASRIFBINGR} t IrXeiis e
conbi nation_ W e 9-1 antj hody, ng of Ig W'J%ﬁ%ﬁrﬁ%ﬁ I%:"%[C@?PPOO,
Stoldy shllaliatne 57 it
1986). O hef P Y stimplafing dhe J-eell.TCRAED3 sompiex o by stinuiatingeabov e
de?ﬂ(::) ri btel_d afD20suiface prateinl Ao M—andnomgél%gibpgwb?ﬁ?éi l%%g t@ractiv%te g
conbi nagion ] ed and identifie s{ andar
t echni qugs. aﬂ? rullé}awrd Bgiﬁlgtﬁgﬁhgﬁgﬁa‘ia@ﬁomélsx'béfdﬁ’m%r@og@tbhﬁ'“ﬂl'cel I
30 t hrough ©Ddemonecieaal sntihodies awx eopimercially @vailabie) exerhplary ary Jleraised
i ncl udes a gredheid A CLy r a horbol ester (e.g.,
phor bol nyrpr; ate acetate r,ﬁogﬁ%gae!lga{’%tﬁ%ﬁi 6’8@&?@?&%@?’%@8 }i')%%r@é'ﬁf{? whi ch
rai ses cytopP B, aad maneclongt antibady Gy, Similay, stirmelator éoromeofodntiuch
agent s by@B&@ltm@ieme%m%H%ﬁﬂﬂf)leﬁjegﬁﬁﬁﬂfﬁoﬂ l?fréd@ﬂ M%ﬂﬁigﬂﬁl to
T-cel | 3 her..agents acti as primary signals may rmclude natural and
synt h etS%% 5bl% antlbogles is typlcaW acco. plnshe us:ng a combir%/ation of at least two
different anti-CD2 antibodies. Stimulatory combinations of anti-CD2 -antibodies
that have been described include the following: the T11.3 antibody in
combination with the T11.1 or T11.2 antibody (Meuer et al, Cell 36:897-906,
1984), and the 9.6 antibody (which recognizes the same epitope as T11.1} in
25 combination with the 9-1 antibody (Yang et al, J. Immunol. 137:1097-1100,
1986). Other-. antibodies that bind to the same epitopes as any of the above
described antibodies can also be used. Additional antibodies, or combinations
of antibodies, can be prepared and identified by standard techniques.
A primary activation signal can also be delivered to a T-cell
30 through other mechanisms. For example, a combination that may be used
includes a protein kinase C (PKC) activator, such as a phorbol ester (e.g.,
.‘phorbol myristate acetate), and a calcium ionophore (e.g., ionomycin, which
raises cytoplasmic calcium concentrations), or the like. The use of such agents
bypasses the TCR/CD3 complex but delivers a stimulatory signal to T-cells.
35 Other agents acting as primary signals may include natural and synthetic

—
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18 WD 2003/ 024989 03/03/2006 PCT/US2002/028161 |igands: A natural I|igand
may include MHC with or without a peptide presented. Qher. |igands nmay

i nclude, but are not limted to, a peptide, polypeptide, growmthyFEIHLL06
cyt oki ne, WRSHIZABY gl ycopeptide, soluble receptor, sterci/HS20bmeasmae,

m t ogen, such as PHA, or other superantigens, peptide-MAC tetramers 5
(Altman, et al., Science. 1996 Cct 4;274(5284):94-6.) and soluble MHC
dimers (Dal Porto, et al. Proc Natl Acad Sci U S A 1993 Jul 15;90).

Wthin the ﬁgmthQfatlﬁrbﬁlg‘Hnﬁ%ﬁﬁ lddﬂ}b%ﬂvll-@‘wnﬁ féfvdi'tﬁ‘aupé B%B{%PF%\S%H@& and

ti | at i | t t
econdar y.si GHF fCE s BGILES, OvbRiG 0t Jucr B, & prBfioe polyRete, grovdh n
ot her enbodi fastors cym!@malchbnwksﬁuglycmpepﬁﬁ]t@lgﬁlea@ggeﬁﬁbﬂcgtg@yd RemBHy)i fied
S?O?Q?hyiﬁﬂpﬁ*ﬂgﬂ%ét'e SIR0 &S B b bl Sl Rfiody S HG setamers
concentrafio '?fﬁ@m}cﬁisﬁlofsolﬂmepiwﬂct |4r8/7é11528>¢) 94'I-'6¢ andcsohase WMCodimerd 5
Wil e stinul ai%f% éthﬁl Frbt (i Ae! s ﬁﬁ%'s%o)app W’ﬁ'"i?h‘ﬁurrber

required for live rimry actlvalon SI in"a’T-cte
of nol ecul es® %ﬁ ’Ettﬂfr %ﬁrﬁrﬁﬁgﬁd'ﬂveﬁi@gl the U$%Dﬁ§ﬂ"@ﬁ!‘ﬁ@§@0r%"£bshmulatlen|majf atory
Toar 1! b5 blasen e stch bt @badr polsrRaRb i hd Sgbohi4ibhaNls Seqdirad 51 | "9
differenti at'ﬁ@'ﬁf"é Efﬁﬁiergﬁ}'ﬂﬁfdﬁpwson to the primary activation signal,

Bnnduct i ﬁ‘rﬂ of T- cell rIBmﬁmmwodaQemse&gaaBﬁQ@QﬁJgggge&bh@ﬁffé Mr&é}

e such coq, s i éved .to
initiate or fi@lﬁaﬁkfgetgoéyaﬂélﬁ&qcﬁg @@%@5‘){5}? g'értr%l{? ?Wéﬁ" ?‘eau%@mﬂ!? farom
any stimul atpé@leb'ycwwwcmecmimm emay25stimalatédr @ndt omeabarede asihigvathieon and
proliferati %Bn@ént?atﬁﬁﬂﬁb%b@%fF‘{éfpr-gsﬁﬁtllhvﬁer’ltfbr} he absence of exogenous

growt h factors or accessory ce accessory nol ecul e on the surface of
the T-cell, such as CD28, is stimilated wth a |ligand that binds the

accessory rml eculTae SQtoﬁﬂgD@B@éii nment, stimulation of the accessory
nol ecul CD28 and TTcgll. aciivaiion ur, mul t aneousl contacting a
popul at i gn of T-cell S%!Ph éf“ % ‘éfoﬁ't? M?'%K? GOrRRIAN thg?tD%lfﬂ@gcﬂlBS and
a |igand thappeansds iRDRR)uined fot ueww of Acpmmaty Qﬂl\iéfhont al-i6 @ Tsoell, or

CXAIL e, B 5 R B e 00 T LSk e o ot
one of ordi ﬁanylaMWOlaculeae have beien implicated ire redqudatirnyhe Hansiont of a
i ncl uding afasngl TEHP 18" bldP Warofm AR "hnk " SU68S gkt 2Bl it htiSh O8Rd

20 differentiation. Thus, in addition to the primary activation signal, induction of T-

- cell responses requires a second, co-stimulatory signal. One such co-
stimulatory or accessory molecule, CD28, is believed to initiate or regulate a
signal transduction pathway that is distinct from any stimulated by the TCR
complex.

25 -~ -Therefore, to enhance activation and proliferation of a poputation
of T-cells in the absence of exogenous growth factors or accessory cells, an
accessory molecule on the surface of the T-cell, such as CD28, is stimulated
with a ligand that binds the accessory molecule. In one embodiment,
stimulation of the accessory molecule CD28 and T-cell activation occur

30 simuitaneously by contacting a population of T-cells with a surface to which a

ligand that binds CD3 and a ligand that binds CD28 are attached. Activation of
the T-cells, for example, with an anti-CD3 antibody, and stimulation of the CD28
accessory molecule results in selective proliferation of CD4* T-cells.

. Accordingly, one of ordinary skill in the art will recognize that any

35 agent, including an anti-CD28 antibody or fragment thereof capable of cross-
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19 WD 2003/ 024989 03/03/2006 PCT/US2002/028161 |inking the CD28. nol ecul e,

or a natural | i gand for CD28 can be used to stinmulate T-cells. Exerrglﬁaro06

anti - \%g)tl bz(ﬁl es or fragnents thereof useful in the_contex

pr esent ¥¥hcl ude nmonocl onal antibody 9.3 (I gGalCT/UBINUBI\er s
Squi bb, Pr| nceton, NJ), nonoclonal antibody KOLT-2 (1gGl), 5 15E8 (1gd),
248.23.2 (I1gM, and EX5.3D10 (lg®&a) (ATCC HB11373). Exenplary natural

| i gands i nclude the B7 famly of proteins, such as B7-1 (CD80) and

B7- 2. ('CD86) ( Winkieginthe €028 molaculé,noureoinatural 1igaao- 132 D28 98" beFusedety et

?74 625 ItS?rITlm n%@@f%@ﬁ%éryén et ?IAR?%?:I em%giﬁag%? M%geof us&ful | .
10 Nature 366m7'd§'e7@ntq>9 o the: perseit inventipn ingudesmpanadianal astibadys9.3100G2,)
1993) b0 St eTMydnSoOmL PTRHCORENO), fofigtihal shiSsHY béd sedt:\rlle
Scor dancedw THEGNG éﬁg‘séﬁﬁa"i@eﬁeﬁ? g kS S )nwi@é 1d4e
si gn?gs mtayI I Eﬁémwarylartawml ligadds Yintlbes ithel l?ndadﬂl téﬂ?ﬁét@lﬂ@bUbﬁ%@WJ but
are no i ra n
pol ypepti de, @%&t#ﬁ E?t%f‘mg@t Q‘ﬁggﬁ’%@ 'kl"El "ZHS’K? oﬁ{f@%%%@gﬁpfﬁﬁd’e
Ir ﬁc:p]E S;t hz'; ei;%man ggﬁlnggé?ﬁ@mh%iggp i?g%ezvé}zséigéﬂa F[Elfemaﬂnet§ aﬁ,‘;ﬁf)@nM@fens.
1991; Free ' Sci P |t|mae al.,
e en 7720

popul ati on_na mul’a
menbr ane pPotMatse 366i764(ntH9S; Aseamangelonl, theExp. o¥ed. ﬁﬁ&é@Bﬁ-ﬂ?BEAiQQ@)o its

natural |igang, ab@ﬁ%l bifiding © RBAMMIGHLRS! 'o‘faé' Flﬁtxﬁ‘él ngh Cwﬁ&er"%w&

surface nol ecuie { act at or SIS

CeDo6y i SBIGSEEL by thaTicah o FEROmBINAA. IbENBIRUES c SANGalSD; Bat e i 1
BB, a co- stigugbrispcy w&hethbomeeaﬁr aaentdoan Gnherv&b@ﬁtsTaéﬁﬁ @s Q@Gbrﬂafl‘v@

Ul Ul 0", i RSBl RPN AR TRRY bt Bk e o
tS B?Paz_ecrerfr Ztnalrd;yrgted BJ;,L cothénaaetbcbrjne:bmcfragmemtsaﬂnem%?‘ma pbplidd, | paymeptidece! |
results in acq}‘ ?@tg‘t f%d%&gfeﬁak'ﬁgglbﬁ ﬁ]t‘)k% ti&%@hérs\b&% @g?#ﬁgug{eg@g

moi eti es i nclhegeongmitagen, ﬁ@FhIaiSrﬁHécDBﬂhequBnHMIﬂ)r ed folate receptor
(CD59), human I gE recep %rﬂfrEféE%mBG‘cﬁﬁiéh?rc)f theBilﬁgFm%ﬂzl a& 96!9 A ASEb) N

receptor, ephrln 131 receﬁngr neur gt r ophi n r|ve neut r ophi c

factor (GNDFPOPHBHERRNBYA 'ﬂ'@l"c@ﬁopﬁs P@r%mqlﬁF%dOfarﬂihebaT'ﬁﬁ oW%ﬁféb
pr ot ei ns 20+ Regmbriané ggrotains. mq}mhpfél bitidirig ©f Wié decely Hitbgh ﬁf LF(A@N%)us FAS,

eyt oo”prof R IR TCA | Reon i Aeiahon Y S48 Mo i
moiecule that may act as a co-stimulator for T-cells is VCAM 1 (CD106) that
binds very-late-antigen-4 (VLA-4) on T-cells. Ligation of 4-1BB, a co-
stimulatory receptor expressed on activated T cells, may also be useful in the

25 context of the present invention to amplify T-cel! mediated immunity.
' One of skill in the art will appreciate that cells other than T-cells
- may be stimulated by binding of an agent that ligates a cell surface moiety and
induces aggregation of the moiety, which in tum results in activation of a
- signaling pathway. Other such cell surface moieties include, but are not limited
- 30 to, GPl-anchored folate receptor (CD59), human IgE receptor (FceRi receptor),
BCR, EGF receptor, insulin receptor, ephrin B1 receptor, neurotrophin, glial-cell
derived neutrophic factor (GNDF), hedgehog and other cholesterol-linked and
palmitoylated proteins, H-Ras, integrins, endothelial nitric oxide synthase
(eNOS), FAS, members of the TNF receptor family, GPl-anchored proteins,
35 doubly acylated proteins, such as the Src-family kinases, the alpha—subumt of

heterotrimeric G proteins, and cytoskeletal proteins.
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heterotrineric G proteins, and cytoskel etal proteins. 20 WO 2003/ 024989
03/ 03/ 2006 PCT/US2002/ 028161 Ex ansion O T-Cell Population In one aspect
of the present invention, ex vivo T-cell expansion can be perf@3/¥3p2006
i sol ati on WO IPO¥@He8 and subsequent stinulation. In one perbomi®eRisiof the
i nvention, the T-cells may be stinulated by a single agent. |n another
enbodi nent, T-cells are stinulated with two agents, one that induces a
primary signal and a second that is a co-stimulatory signal. Ligands useful

for stinulat i@@Sﬂn@I{?—Cﬁﬂmulﬂorﬁti mul ating a primary signal and an
accessory nolecu | second signal may be used in soluble
form attached to the JuPNBASHECt gf e present invesiion; ex vivn TecelllexXmmosions
descri bed 10 dagriss perférrhed &G i tTe ' f erves
as a "surrog%t " di gﬁti éral %?eggﬁpiaﬁ% LFF%%‘E’%S@%W&%@?@@%?& ment
both primary é’ﬁe‘&" "EQEB%EJQW“&%P% the d-cellsihem el Strudated by gsimgleagent one
enbcggi lment5, dﬂrrneanmmeemb@dpnqw, dT1oglld fwepéﬁmﬁh}el cﬁ@ﬁihﬁlémboﬁ%%rgtg!‘fﬁne h as
a i gand; - - r cyl.e, suc a Il gand, are
coupled to tﬁ%ﬁ;&gﬁe%gn ér&rsfﬁg%éei%rﬁ}og Ségé%ﬁ@? '%aﬁ}r’§tfr8ﬁ?]§t°'¢t§ﬂ%r Ligagdsot ed
earlier; oneuseiuhorostimaiating #t isinglextsignal rasl stivaulatingray plimang eigrein dndeagane
or differing o] ' o) T-cells .is tai ned
from a subj eoceossBhFmolcCU Tha SRS Bkectnd A, fey i Sepd il oms
in which an fqmﬁgac 0dhe surane 9k agellcor isumohilized omaswifack astieseribes of

subj ect s 10nchewdin. 28 ligaRe s agddd hatGdaBtached & a'stirBice Aefvdd QQE%PHQ Speci es
thereof. T-c tls can _be,. obtﬁu néﬁfroma nunber of sources, i nclu gng
peri pheral bFSEERESRIMESET (BEC)s, Inba Reetesiedogmbpdimentrbeth primayeand pl een

tiﬁ;ue, ?ng seoondaty agercterarclaiom-inwrcb_ bm%%mnhs? @hnhb@.bnhwtarr}ﬂwﬁﬁé@t?me any
number o i hes: in .the ar. e used. | n certain
embodi nent s @? le{cHig &ﬁg'g@@hﬁﬂﬁkﬁ?ﬁthﬁn%ﬁ'anegﬁcQQﬁ aoégédtgé’inﬁeﬁn them a
uni t of bl odP-glmulatane dneleowea shj acta BH2Y) ligayd nardedupleld tethaisanns
known to{g h Ny | :h.a Lheol lban. In one preferred
enbodi rren? , EE;L%,{?Ié :c:lg, ﬁo%amég? quiéa]t?'l ﬁ%&%ﬁbégiﬁ%‘h%w%w%ﬁa&%r% Bt ai ned
by apher esi Signlatgpimplestiesirgay braisggion beisams ondiffering sudatés; cont ai ns
| ynphocytes, i ncl udi ngrigr &bksandBOr KbdEe A TEMIsASRSine #fofh bSsurfidte” SO
ell's, éts. 1n on |

embod; mont . THEHEDCRVISERI ILPRPEYD Rhilecbito RiGArumadr WHsh an iemuine t ho
o SUbSHURLE ol BoaSSLns ot aps o A0 Ehanptes Upoibes IRl S

col 1 5 ard whman, G605 Salld mbEr s, PR aey sebcsaierest, Taeoll can e i ve

embodi ment , obtainaghiam a number of sources, including peripheral blood mononuclear

cells, bone marrow, lymph node tissue, spleen tissue, and tumors. In certain

embodiments of the present invention, any number of T cell lines availabie in

the art, may be used. In certain embodiments of the present invention, T cells

-25  can be obtained from a unit of blood collected from a subject using any number

of techniques known to the skilled artisan, such as ficoll separation. In one

preferred embodiment, cells from the circulating blood of an individual are

obtained by apheresis or leukapheresis. The apheresis product typically

contains lymphocytes, including T-cells, monocytes, granulocytes, B cells, other

- 30 nucleated white blood cells, red blood cells, and platelets. In one embodiment,

the cells coliected by apheresis may be washed to remove the plasma fraction

and to place the cells in an appropriate buffer or media for subsequent

processing steps. In one embodiment of the invention, the cells are washed

with phosphate buffered saline (PBS). In an alternative embodiment, the wash

35  solution lacks calcium and may lack magnesium or may lack many if not all

_divalent cations. Again, surprisingly, initial activation steps in the absence of
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35 solution |lacks cal ciumand may | ack nmagnesiumor may | ack many if not

all divalent cations. Again, surprisingly, initial activation steps_in_the
absence of 21 W.c) 2003/024989 03/ 03/ 2006 PCT/ US2002/ 028161 caldi/hd{ 2886
to magnifi%H 28894 i on. As those of ordinary skill in tHel/Hp100%4prsied
readily appreciate a washing step may be acconplished by nethods known to
those in the art, such as by using a sem -automated "fl owt hrough”
centrifuge (for exanple, the Cobe 2991 cell processor) according to the
manuf act ur er talciim esidrtoahagmified Attieationashs tiipset dfcordizidrg skitlyin tiee afsmspgnded

: ot gt iy huf : *
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exanpl e, By BEWUGtaNsgarifish washinghthe seliomayrineyresuseended i9pa yariely of
subpopul at i opicedmpatitsie| Dutferth suehClas + forClé¢ampled + C4FMERMg-frsd PBS.
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Cechni ques. lmalvaly e indesiabley somaonghis) G5 dheARNST9tE crartple B8y <ke at ed
by 15 i ncubakenwvediand thecelisiBéctiyt resGEpéhded. in.cultd)e2®pedinn] ugat ed beads,
h DYNABEADS i ] | Cl

posi U ve, el ect i on offeomeLetesitely, 1 isarel SRaREl Gfh SefidtefyBboq "
peri od i) adpuphacytesribyulysing the red biadtecellsraodi depieting ithe momogytes, ddr

f ' £ 26 I ah | o) A h
et aeen. | | n AarpIe, b5 shRuituiue ifolbn ATPERCOLLY. ' oldlhtP, XTkifécins 3" @
4, 5, or 6 ISGEPEPUIRHOR Rf Jdneelifer SUGH ca%r EBABENIM e mDB" heDABRA peandhd i s
33 hours, "paDien0posle gietie R sildeLby fier ol S8 0 1
| onger i ncuieghnigHes: n'g‘%’ exampleds e H@ﬁf@)‘?eﬁwdﬁfﬂ%’ﬂf@i—%&éé}fﬁ isolaied bY onger
it Rcubat i16nf incubationywitle antieCDGfaritsCDaBe g?lé.,ceslsza)-f&ﬁugatednheﬁdguapmras;t/\her e

ere are r c : n isekatin

tunor i1 EVABERADSERASEREOBIGbI8CL ir o fite pEUER.suftippt I oSt ' "
i mrunoconpr selestion phttievdasiredsl. célls. t Inene embodimeéni thertime peliad imabout88s can
 ncr ease t heflibbClIRNE Hyrfler %ﬂ%dﬂi@gﬂﬂgg@q@bg Qgﬁéﬁ??gﬁi ysmgtm%t%o% cel l

popul ati on é negative selection ce a conbination
of antibodi 88 heuiscoedongers @ndagll idegesr yalugsi Hhaset betwaemeglt ia dusther

sel ect eggcebipoditndriteliry 6rad pEpblqs at fedseh! 2597 i Hlor MO, FE|@CirdiNeri @
of “monocl ondieTered SRHELEN, dBE AAMBPRIY 5o dprigced gty sin one preforied
embodiment, the incubation time period is 24 hours. For isolation of T cells
from patients with leukemia, use of longer incubation times, such as 24 hours,
_ can increase cell yield. Longer incubation times may be used to isolate T cells
.25 in any situation where there are few T cells as compared to other cell types,
such in isolating tumor infiltrating lymphocytes (TIL) from tumor tissue or from
immunocompromised individuals. Further, use of fonger incubation times can
increase the efficiency of capture of CD8+ T cells.
Enrichment of a T-cell population by negative selection can be
30 accomplished with a combination of antibodies directed to surface markers
unique to the negatively selected cells. A preferred method is cell sorting
andfor selection via negative magnetic immunoadherence or flow cytometry
that uses a cocktail of monocional antibodies directed to cell surface markers
~ present on the cells negatively selected. For example, to enrich for CD4" cells
35 by negative selection, a monoclonal antibody cockiail typically includes
-antibodies to CD14, CD20, CD11b, CD16, HLA-DR, and CD8. -
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present on the cells negatively selected. For exanple, to enrich for CD4}
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concentrations of cells. By significantly diluting the mixture of T cells and

surface (e.g. particles such as beads), interactions between the particles and
cells is minimized. This selects for cells that express high amounts of desired

25 .antigens to be bound to the paricles. For example, CD4+ T cells express
higher levels of CD28 and are more efficiently captured than CD8+ T cells in
. dilute concentrations. In one embodiment, the concentration of cells used is 5
X 10%/ml. ln other embodiments, the concentration used can be from about 1 X
10%mi to 1 X 10%/ml, and any integer value in between.

30 If desired or necessary, monocyte populations (i.e., CD14* cells)
may be depleted from blood preparations prior to ex vivo expansion by a variety
of methodologies, including anti-CD14 coated beads or columns, or utilization
of the phagocytotic activity of these cells to facilitate removal. Accordingly, in
one embodiment, the invention uses paramagneﬁc particles of a size sufficient

35 to be engulfed by phagocytotic monocytes. In certain embodiments, the

| paramagnetic particles are commercially available beads, for example, those

X X
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of the phagocytotic activity of these cells to facilitate renoval.

Accordingly, in .one enbodinent, the invention uses paramagnetic particles
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N the vaporyRiEE n%enaimﬁpp% il ks paisee eariehor eHAonRIRods of
control l ed freezing nel-cels éorestinaglatien cansalso benfrozdr afler the washing step,
which does not require the monocyte-removal step. Wishing not to be bound by
theory, the freeze and subsequent thaw step provides a more uniform product
- 25 by removing granuiocytes and to some extent monocytes in the cell population.
After the washing step that removes plasma and platelets, the cells may be
 suspended in a freezing solution. While many freezing solutions and
parameters are known in the art and will be useful in this context, one method
involves using PBS containing 20% DMSO and 8% human serum albumin, or
30 other suitable cell freezing media, the cells then are frozen to -80°C at a rate of
1° per minute and stored in the vapor phase of a liquid nitrogen storage tank.
Other methods of controlled freezing may be used as well as uncontrolied
freezing immediately at —20° C. or in liquid nitrogen.
The cell population may be stimuiated as described herein, such
- 35 as by contact with an anti-CD3 antibody or an anti-CD2 antibody immobilized
' on a surface, or by contact with a protein kinase C activator (e.g., bryostatin) in
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freezing inmmediately at -20 C. or in liquid nitrogen. The cell popul ation
may be stinmul ated as described herein, such :35 as by contact with an
anti-CD3 antibody or an anti-CD2 anti body i mmbilized on a surfaxg) 3¢ 36
contact wi M #0392698i n ki nase C activator (e.g., bryostarcnysionz/@s1ddO
2003/ 024989 03/03/2006 PCT/VS2002/ 028161 conjunction with a cal cium

I onophore. For co-stinulation of an accessory nolecule on the surface of
the T-cells, a ligand that binds the accessory nolecule is used. For
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the two agents are immobilized on beads, either on the same bead, i.e., “cis,” or
to separate beads, ie., “trans.” By way of example, the agent providing the
25 primary activation signal is an anti-CD3 antibody and the agent providing the
co-stimulatory signal is an anti-CD28 antibody; and both agents are co-
immobilized to the same bead in equivalent molecular amounts. In one
-embodiment, a 1:1 ratio of each antibody bound to the beads for CD4* T-cell
expansion and T-cell growth is used. In certain aspects of the present
30 invention, a ratio of anti CD3:CD28 antibodies bound to the beads is used such
that an increase in T cell expansion is observed as compared to the expansion
observed using a ratio of 1:1. In one particular embodiment an increase of from
about .5 to about 3 fold is observed as compared to the expansion observed
~using a ratio of 1:1. In one embodiment, the ratio of CD3:CD28 antibody bound
35 | to the beads ranges from 100:1 to 1:100 and all integer values there between.
In one aspect of the present invention, more anti-CD28 antibody is bound to the
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observed using a ratio of.1:1. In one particular enbodi nent an increase of
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anti-CD28 antibody is bound to the 25 WO 2003/024989 03/ 03/ 2006
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stinmulation an Dr8frs &t bRirg 3t 183st 1:1 particles per T-cell. In one embodiment, a
ratio of particles to cells of 1:1 or less is used. In further embodiments, the ratio

.25 of particles to cells can be varied depending on the day of stimulation. For
example, in one embodiment, the ratio of particles to cells is from 1:1 to 10:1 on

the first day and additional particles are added to the cells every day or every

other day thereatfter for up to 10 days, at final ratios of from 1:1 to 1:10 (based

. on cell counts on the day of addition). In one particular embodiment, the ratio

30 of particles to cells is 1:1 on the first day of stimulation and adjusted to 1:5 on
the third and fifth days of stimulation. In another embodiment, particles are

added on a daily or every other day basis to a final ratio of 1:1 on the first day,

and 1:5 on the third and fifth days of stimulation. In another embodiment, the

ratio of particles to cells is 2:1 on the first day of stimulation and adjusted to

35 1 210 on the third and fifth days of stimulation. In another embodiment, particles
-are added on a daily or every other day basis to a final ratio of 1:1 on the first
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the third and fifth days of stinulation. In another enbodi nent, particles
are added on a daily or every other day basis to a final ratio of 1:1 on
the first day, and 1:5 on the third and fifth days of stimulatigQ®@/08/2006
anot her enYORM¥ERII8%t he ratio of particles to cells is PCIUMIOLRSIA 1 St
day of stinulation and adjusted to 35 1:10 on the third and fifth days of
stinmulation. In another enbodi nent, particles are added on a daily or
every other day basis to. a final ratio of 1:1 on the first 26. WO
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signal is then removed from the cells and the cells are washed and infused
back into the patient. The cells at the end of the stimulation phase are
25 rendered “super-inducible” by the methods of the present invention, as
demonstrated by their ability to respond to antigens and the abiiity of these cells
to demonstrate a memory-like phenotype, as is evidence by the examples.
Accordingly, upon re-stimulation either exogenously or by an antigen in vivo
after infusion, the activated T-cells demonstrate a robust response
: 30 characterized by unique phenotypic properties, such as sustained CD154
expression and increased cytokine production.
In further embodiments of the present invention, the cells, such as
T-cglfs, are combined with agent-coated beads, the beads and the cells are
subsequently separated, and then the cells are cultured. In an alternative
35 embodiment, prior to culture, the agent-coated beads and cells are not
separated but are cultured together. In a further embodiment, the beads and
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30 characterized by uni que phenotypic properties, such as sustained CD1 54
expression and increased cytokine production. In further enbodinents of the
present invention, the cells, such as T-cells, are conbined w 08/03/2006
agent - coat W8 20343489 t he beads and the cells are subsequBRTUS200HM8164 o,
and then the cells are cultured. In an alternative 35 enbodi nent, prior to
culture, the agent-coated beads and cells are not separated but are
cultured together. In a further enbodi nent, the beads and 27 03/03/2006 WO
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' increased cell yield, cell activation, and cell expansion. Further, use of high cell
concentrations allows more efficient capture of cells that may weakly express

25 target antigens of interest, such as CD28-negative T cells. Such populations of
cells may have therapeutic value and would be desirable to obtain. For
example, using high concentration of cells allows more efficient selection of

- CD8+ T cells that normally have weaker CD28 expression.

in a related embodiment, it may be desirable to use lower

30 concentrations of cells. By significantly diluting the mixture of T cells and
particles, interactions between particles and cells is minimized. This selects for

cells that express high amounts of desired antigens to be bound to the
particles. For example, CD4+ T cells express higher levels of CD28 and are
more efficiently captured and stimulated than CD8+ T cells in dilute -

35 concentrations. In one embodiment, the concentration of cells used is about 5
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30 concentrations of cells. By significantly diluting the mxture of T
cells and particles, interactions between particles and cells is
mnimzed. This selects for <cells that express high amounts of 0d50B£Q@006
antigens tYOREUGIME to the particles. For exanpl e, CDARCTIUSISDY/62885¢pr eSS
hi gher | evels of CD28 and are nore efficiently captured and stinul ated
than CD8+ T cells in dilute 35 concentrations. In one enbodi nent, the
concentration of cells used is.about 5 28 WD 2003/ 024989 03/ 03/ 2006
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Minimal Essential Media or RPMI Media 1640 or, X-vivo 15, {BioWhittaker)) that

may contain factors necessary for proliferation and viability, including serum

(e.g., fetal bovine or human serum), interleukin-2 (IL-2), insulin, IFN-y, IL-4, GM-

25 CSF, IL-10, IL-12, TGFB, and TNF-o. or any other additives for the growth of -
cells known to the skilled artisan. Other additives for the growtﬁ of cells
includg, but are not limited to, surfactant, plasmanate, and reducing agents
such as N-acetyl-cysteine and 2-mercaptoethanol. Media can include RPMI
1640, AIM-V, DMEM, MEM, o-MEM, F-12, X-Vivo 15, and X-Vivo 20, with

30 added amino acids and vitamins, either serum-free or suppiemented with an
appropriate amount of serum (or plasma) or a defined set of hormones, and/or
an amount of cytokine(s) sufficient for the growth and expansion of T-cells.
Antibiotics, e.g., penicillin and streptomycin, are included only in experimental
cultures, not in cultures of celis that are to be infused into a subject. The target

35 cells are maintained under conditions necessary to support growth, for
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30 added ami no acids and vitamns, either serumfree or supplenented with
an appropriate anount of serum (or plasma) or a defined set of hornones,
dddhaf ¢ &

and/ or  anyava cytokine(s) sufficient for the gro d
T-cells. Antibi o?%%s, e.g., penicillin and streptomyci \é\g’@ﬁgﬂ’f’%{ 8ited only

in experinmental cultures, not in cultures of cells that are to be infused
into a subject. The target 35 cells are maintained under conditions
necessary to su p?rt grow h, for 29 WD 2003/024989 03/ 03/ 2006
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measured, allowi ng the magnetic force applied to be calculated. Cells

stinul ated by the methods of thEmgre&dry) (BveB/idbn are activated as shown
by the induction of signal transduction, expression of cell 25 surface

CDLS4 why cher o o CORBR e adiiicTHie, Tedials ARNARhe Htihe BorhadGiath of
CD154 is ex??ﬁ;ﬁ)ﬁ%ﬁ% mgmeﬁcmep&w efha nafagntaggfﬁs heade(a eaie4
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- that the factors on the right-hand side of the equation can be obtained or
measured, allowing the magnetic force applied to be calculated.
Cells stimulated by the methods of the present invention are
activated as shown by the induction of signal transduction, expression of cell
- @5 surface markers andfor proliferation. One such marker appropriate for T-cells is
CD154 which.is an important immunomodulating molecule. The expression of
CD154 is extremely beneficial in amplifying the immune response. CD154
interacts with the CD40 molecule expressed on many B cells, dendritic cells,
monocytes, and some endothelial cells. Accordingly, this unexpected and
30 surprising increase in CD154 expression is likely to lead to more efficacious T-
cell compositions. Stimulation of CD3* cells as described herein provides T-
cefls that express a 1.1 to 20-fold increases in the levels of certain cell surface
markers such as CD154 expression on days 1, 2, 3, or 4 following stimulation.
(See Example V, Table 2 and Figure 4.) Expression of another cell surface
35 marker, CD25, also was greater on T-cells after concentration and stimulation
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30 surprising increase in CD1 54 expression is |likely to lead to nore
efficacious T- cell conpositions. Stimulation of CD3+ cells as descri bed
herein provides T- cells that express a 1.1 to 20-fold increaseg3 08006
|l evel s of WErA0&3/424%881| surface markers such as CD154 expegssio@foRikdays 1,
2; 3, or 4 following stimulation. (See Exanple V, Table 2 and Figure 4.)
Expression of another cell surface 35 marker, CD25, also was greater on T
-cells after concentration and stinulation 30 WD 2003/ 024989 03/ 03/ 2006
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with thep c@dcgmpﬁgﬁe@gpﬁﬁ,%bﬁt ed in a small volune in a magnetic field,
thus draw ng aI | One of skill in the art will readily appreciate that contact between
the agent-coated beads and the cells to be stimulated can be increased by
concentration usmg other forces. Accordingly, any means for concentrating
cells with cell surface moiety binding ligands will be sufficient as long as the
25 concentration brings together cells and agents in a manner that exceeds gravity
or diffusion.
It should be understood that in various embodiments the agent-
coated surface may be a particle, such as a bead which is mixed with the celis
and concentrated in a small volume in a magnetic field, thus drawing all the
30 particles and particle bound cells into a defined and concentrated area. In
certain embodiments, the agent-coated surface may be drawn together by force
within thirty seconds to four hours of being exposed to the target cells. In other
- embodiments the time may be from 1 minute to 2 hours, or all integer ranges in
_ between. Application of a force 1o a cell population with receptor bearing cells
35 that is mixed with a surface fo which at least one cell surface figand is attached
may induce cell receptor polarization, aggregating cell surface molecules. This
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30 particles and particle bound cells into a defined and concentrated area.
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expansion of Ty cells could improve or restore overall immune responsiveness.

25 While many specific immune responses are mediated by CD8* antigen-specific

~ T-cells, which can directly lyse or kill target cells, most immune responses

require the help of CD4" T-cells, which express important immune-regulatory

molecules, such as GM-CSF, CD40L, and IL-2, for example. Where CD4-

mediated help if preferred, a method, such as that described herein, which

30 preserves or enhances the CD4:CD8 ratio could be of significant benefit.

Increased numbers of CD4* T-cells can increase the amount of cell-expressed

CD40L introduced into patients, potentially improving target cell visibility

(improved APC function). Similar effects can be seen by increasing the number

of infused cells expressing GM-CSF, or IL-2, all of which are expressed

- 35 predominantly by CD4* T-cells. Alternatively, in situations where CD4-help is

- needed less and increased numbers of CD8" T-cells are desirous, the
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medi ated help if preferred, a nmethod, such as that described herein, which
30 preserves or enhances the CD4:CD8 ratio could be of significant benefit.
I ncreased nunbers of CD4'" T-cells can increase the anount of celg3/&xByess
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time may be q@g Sgggulatm gbrecelis. Accordingly, dependmg on the cell type to be

stimulated, the stimulation and/or expansion time may be 10 weeks or less, 8 -
weeks or less, four weeks or less, 2 weeks or less, 10 days or less, or 8 days or
less (four weeks or less includes all time ranges from 4 weeks down to 1 day
25 (24 hours)-or any value between these numbers). In some embodiments in
may be desirable to clone T cells using, for example, limiting dilution or cell
sorting, wherein longer stimulation time may be necessary. In some
embodiments, stimulation and expansion may be carried out for 6 days or less,
_ 4 days or less, 2 days or less, and in other embodiments for as little as 24 or
30 - less hours, and preferably 4-6 hours or less (these ranges include any integer
values in between). When stimulation of T-cells is carried out for shorter
- periods of time, the population of T-cells may not increase in number as
dramatically, but the population will provide more robust and healthy activated
T-celis that can continue to proliferate in vivo and more closely resemble the
35 natural effector T-cell pool. As the availability of T-cell help is often the limiting
factor in antibody responses to protein antigens, the ability to selectively
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the art readily appr doienesucl exampid,cambeg the dripopant phenbiypicamarkers
that reproducibly vary with time are the high affinity IL-2 receptor (CD25), CD40
ligand (CD154), and CD45RO (a molecule that by preferential association with
25 the TCR may increase the sensitivity of the TCR to antigen binding). As one of
- ordinary skill in the art readily appreciates, such molecules are important for a
variety of reasons. For example, CD25 constitutes an important part of the -
autocrine loop that allows rapid T-cell division. CD154 has been shown to play
a key role in stimulating maturation of the antigen-presenting dendritic cells;
30 activating B-cells for antibody production; regulating Ty cell proliferation;
“enhancing T¢ cell differentiation; regulating cytokine secretion of both Ty cells
and antigen-presenting cells; and stimulating expression of co-stlmulatory
ligands, including CD80, CD86, and CD154.
Cytokine production peaks in the first few. days of the ex vivo
. 35 expansnon process. Accordingly, because cytokines are known to be important
for mediating T-cell activation and function as well as immune response
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_ ligands. The expression of the adhesion molecule CD54, involved in T-cell-
~25 APC and T-cell-T-cell interactions as well as homing to sites of inflammation,
also changes over the course of expansion. Accordingly, T-cells could be
-stimulated for selected periods of time that coincide with the marker profi!é of
interest and subsequentiy collected and infused. Thus, T-cell populations could
be tailored to express the markers believed to provide the most therapeutic
. 30  benefit for the indication to be treated.
In the various embodiments, one of ordinary skill in the art
understands removal of the stimulation signal from the cells is dependent upon
the type of surface used. For example, if paramagnetic beads are used, then
magnetic separation is the feasible option. Separation technigues are
35 described in detail by paramagnetic bead manufacturers’ instructions {for
example, DYNAL Inc., Oslo, Norway). Furthermore, filtration may be used if the
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cyl i ndrical gnet used for simultaneous stimulation
. and concentration of the cells of the present invention may be incorporated into
the base rocker piatform of a bioreactor device, such as “The Wave” (Wave
Biotech LLC, Bedminster, NJ). The magnet, or a magnetizable element, may
25 also be enclosed into a standard bioreactor vessel such as a cylindrical
application unit. This built-in magnetic element may be capable of being
switched on and off as desired at various points in the cell culture procedure.
~The integrated magnet, or magnetizable element, is positioned so as to allow a
‘magnetic field emanating therefrom to pass through the culture vessel. In
30 certain embodiments, the magnet, or magnetizable element, is incorporated
within a wall, or alternatively, within the body of the culture vessel. In a further
embodiment, the cells can be magnetically concentrated andfor activated,
magnetically separated or isolated at a desired point during culture without the
need to transfer cells to a different culture or magnetic separation unit. Use of
35 such a built-in magnetic element can facilitate culture, stimulation and
concentration, and separation processes to enable expansion and tailoring of
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application unit. This built-in nmagnetic el enent may be capabl e of being
.swtched on and off as desired at various points in the cell culture
procedure._ The integrated nagnet, or nagnetizable elenent, is P3Yi0368606
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magrietizable” device-cuitufe System also reduces the volumes needed in the
culture processing and formulation.
_ As mentioned previously, one aspect of the present invention is
~ directed fo the surprising finding that the combination of a force which induces
25 the concentration of cells, ligation of cell surface moieties, and culturing cells in
a rocking, closed system, resuits in a profound enhancement in activation and
expansion of these cells. Accordingly, in one embodiment, a bioreactor with a
base rocker platform is used, for example such as “The Wave” (Wave Biotech
LLC, Bedminster, NJ), that allows for varying rates of rocking and at a variety of
.30 different rocking angles. The skilled artisan will recognize that any platform that
allows for the appropriate motion for optimal expansion of the cells is within the
context-of the present invention. In certain embodiments, the methods of
stimulation and- expansion of the present invention provide for rocking the
_ culture container during the process of culturing at 1, 2, 3, 4, 5, 6,7, 89 10,
35 11,12,13, 14, 15, 16, 17, 18, 19, or 20 rocks per minute. |
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enbodi nents, the t ai ner suc t
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nmechani sm sanch castral foradtariéé | trahsfer dontaing! fromg theresloged nsydtdmandrthier put
by conti nuoté?nﬁ%?hbﬂfé Poville OE awﬁ‘le%%n%t‘n 4%h as a load cell, for controlling
media in-put and out-put by continuous monitoring of the weight of the
bioreactor container. In one embodiment the system comprises a gas manifold.
| 25 In another embodiment, the bioreactor of the present invention comprises a
- CO; gas mix rack that supplies a mixture of ambient air and CO, to the
bioreactor container and maintains the container at positive pressure. In
another embodiment, the bioreactor of the present invention comprises a
variable heating element.

30 In one embodiment, media is allowed to enter the container
starting on day 2, 3, 4, 5, or 6 at about 0.5 to 5.0 liters per day until the desired
final volume is achieved. In one preferred embodiment, media enters the
container at 2 liters per day starting at day 4, until the volume reaches 10 liters.

- Once desired volume is achieved, perfusion of media can be initiated. In

35 certain embodiments, perfusion of media through the system is initiated on
about day 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, or 12 of culture. In one embodiment,
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bi oreactor container. In one enbodi nent .the system conpri ses a gas

mani fol d. 25 I n another enbodi nent, the 'bioreactor of the present invention
conprises a €02 gas m x rack that supplies a mxture of anbienQ340342006
C2 to theWOl0Bi@defdor container and maintains the cont apggisab2PRdit! Ve
pressure. In another enbodi nent, the bioreactor of the present invention
conprises a variable heating elenent. 30 I n one enbodinent, nedia is
allowed to enter the container starting on day 2, 3, 4, 5, or 6 at about
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day 2, 3, 4. 5, 6, 7, é” ;embodigieny of dhe presant dnventionnticeptlisdisuemt , 38

VIO 2003/ 034989 m&l&smmnum&wﬁ% th Bedbsid, %’ﬂaﬁcssyé(}éﬁf ahgdhaen

one

e T Sl 1SSt R e i Gt e

particul ar e
4, 5, 6, 7, '®C 'QQOI@e@MfLEeCDntameratNarymgspeéw enbodi ment of the present

i nvention, the cells, 18 Wdhtairp theﬁegtc%ésme 8§0@§¥e§ 8F Sgég{rgu tteﬁ\ gwgqa s in

a cl osed, stat |§ 3{ &]em an fansferr
conpri ses a R'BYRP é EcRRANsion off cells, suei@BnGCelis, tha condentratiomof aboar  at

varyi ng tpedituobn ecgp?ﬁ aemmggﬁwhs@abémegoggf 189G Wesd Tt E561" o
concentrati %&KP elB u?%r %‘@ %'Q_Q)Bef%l" pr wd%lfm thB RNPABSION TiCB-

(r:]el | s/m incelsto amcamnommmm 160 202p6| 80 38, 4d‘QlST%bh9§06§gfi§
herel n Provire 750iad i BB M@im 3nS Sl pbSertaons dhow. o ertencas
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about day 5h§§d Wﬁg%&nqﬁfgc%’lé gf % t’u{r]@ o rjéo?fec 'od oRe, yt he
T cells exp% 9 %ﬁt thea It cells expandsby et (beaat ahbiootil .2 fold durabout 2anh@irsut day

4 to about fem éaomfdgwhtturaﬂmdtrua?n?z %Mﬁ&gfe?[‘ Ociﬂé %mﬁﬁhwtxﬁ%geff% a

T-cells, ex om,a startin nunber of

total of ab CRIIS 9XREDp| L0 2 FleRing Mmbebek eollsvel abosk 3004 10%ia aer 20
embodi ment stOtth@f @bout 560eXpofd cén@ﬂhale%athbhngb&y{nﬁ% % elael |b[ﬁ ﬂ;r{h@pout
an about

500 X 6 s in
weeks. %él) rée boli gﬁ%@%@%?"ggﬂ%ﬁ% F§?@£%HHW% gells ghaboyd S80%er of
about 100 -H Qg@ tetal of about 500 X 10 cells in less than about two weeks. In related

embodiments, the cells expand from a starting number of about 100 — 500 X
10° to a total of about 200, 300, or 400 X 10° cells in less than -about two
weeks.

=25 In further embodiments of the present invention, the cell activation

-/ and expansion methods described herein and the conditioned - medium

- generated using these methods can be used for the production of exosomes.

In cells, vesicles can be formed by budding of the endosomal membrane into

the lumen of the compartment; this process results in the formation of

- 30 multivesicular bodies (MVBs). Fusion of MVBs with the plasma membrane

results in secretion of the small internal vesicles, termed exosomes. The

- conditioned medium can be used for the culture of other T-cells or for the
culture of other types cells.

Although the antibodies used in the methods described herein can

_3.5'- be readily obtained from public sources, such as the ATCC, antibodies to T-cell

accessory molecules and the CD3 complex can be produced by standard
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106 to a total of about 200, 300, or 400 X 109 cells in |l ess than about two
weeks. -125 In further enbodi nents of the present invention, the cell
activation and expansi on nmethods described herein and the condigt3 6m8d2006
medi um geWer2a0x¥@2498¢i ng t hese net hods can be used for thecpusthecorsaer of
exosones. In cells, vesicles can be formed by buddi ng of the endosomnal
menbrane into the . lunmen of the conpartnent; this process results in the
formation of 30 multivesicul ar bodies (MVBs). Fusion of MVBs with the

| - _ oot ! : o .
Perned exosonme nafes! Mothoudoges ettty apllBodiet Rycisin HE hethils o
ot her T-cell gﬁgrlnygpnqrh@re c‘ﬁ?'gﬁ?%fm dhgertt gk arectipeussadt Nofugther rdetail

ant i bodi es udwgeinn t he net hods descri bed herein can 35 be readily obtained

from public sources, such as the ATCC, antibodies to T-cell accessory
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al gi nate. O PRIYS3S panawinclustsl tod expaiple: teliuknse] Bgamisgetleran, chitosan,
pol yanhydri degalureplicy 2adiy! coranmasate | a p | 414
pol yort h?ssterls Eol yphOﬁph zer}eéﬁé po@lﬁ%yﬁé&%@ﬁ%eg{&gﬁﬁggd%oBglly%_tgF%,
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acet ate) . Biroaybpdactit acidsarrd aopslymer! Weopslymex anay) eomptiss factie atid and
bioglass), GNdofgEid [BLGEA). Non-biodegradable surfaces may include polymers, such
20 as poly(dimethyisiloxane) and poly(ethylene-vinyl acetate). Biocompatible
surfaces include for example, glass (e.g., bioglass), collagen, metal,
hydroxyapatite, aluminate, bioceramic materials, hyaluronic acid polymers,
alginate, acrylic ester polymers, lactic acid polymer, glycolic acid polymer, lactic
acid/glycolic acid polymer, purified proteins, purified peptides, or extracellular
25 matrix compositions. Other polymers comprising a surface may include glass,
-silica, silicon, hydroxyapatite, hydrogels, collagen, acrolein, polyacrylamide,
-polypropylene, polystyrene, nylon, or any number of plastics or synthetic
organic polymers, or the like. The surface may comprise a biological structure,
such as a liposome or a cell. The surface may be in the form of a lipid, a plate,
30 bag, pellet, fiber, mesh, or particle. A particle may include, a colloidal particle, a
- microsphere, nanoparticle, a bead, or the like. In the various embodiments,
comme;cially available surfaces, such as beads or other particies, are useful
(e.g., Miltenyi Particles, Milienyi Biotec, Gemany; Sepharose beads,
_ '_Pharmacia Fine Chemicals, Sweden; DYNABEADS™, Dynal Inc., New York;
35 PURABEADS™, Prometic Biosciences).
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conprising a surface may include glass, silica, silicon, hydroxyapatite,
hydrogel s, collagen, acrolein, polyacrylamde, polypropylene, polystyrene,
nyl on, or any nunber of plastics or synthetic organic polyners, or the
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a protein li nthetJ d., The atta ent or
noncoval ent Eﬂ%f)&@f g%%‘fatf‘y Bﬁh'@e%d"?%ﬁﬁ b@mﬁmrfﬁfl%’mpﬁy a
vari ety of auheaud:atemneofmm enzymdimgelfectrosmﬁapre otheheneard whebethand cal ,

cnzyirt 80 Rl ekl or Sy Rl TG Rl BL EBinflc? bl AR B, SESARLE o
at t ached t o fisstynay heattashed o @i surfaces or ayiditv odsineptayidive mayt e kitdchad to
the surface for binding to a biotinylated ligand. The antibody to the ligand may

be attached to the surface via an anti-idiotype antibody. Another example
includes using protein A or protein G, or other non-specific antibody binding

-25 molecules, attached to surfaces to bind an antibody. Alternatively, the ligand
may be attached to the surface by chemical means, such as cross-linking to the
surface, using commercially available cross-linking reagents (Pierce, Rockford,

IL) or other means. In certain embodiments, the ligands are covalently bound

o to the surface. Further, in one embodiment, commercially available tosyl-
.30 activated DYNABEADS™ or DYNABEADS™ with epoxy-surface reactive
groups are incubated with the polypeptide ligand of interest according to the
manufacturer's instructions. Briefly, such conditions typically invoive incubation

in a phosphate buffer from pH 4 to pH 9.5 at temperatures ranging from 4 to 37

- degrees C.

35 . In one aspect, the agent, such as certain ligands may be of
singular origin or multiple origins and may be antibodies or. fragments thereof
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the surface for binding to a biotinylated |ligand. The anti body to the

| igand may be attached to the surface via an anti-idiotype anti body.

Anot her exanple includes using protein A or protein G or othep3/03/2006
non- speci fwWo 2003ti2kasdy bi ndi ng 25 nol ecul es, attached to por/iismesoisesibi nd an
anti body. Alternatively, the ligand may be attached to the surface by
chem cal neans, such as cross-linking to the surface, using comrercially

avai | abl e cross-1inking reagents (Pierce, Rockford IL) or other neans. In
sur.f.ace.
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Lhe same solf § pASEE SHL e 8 P EnbebRint e R rrt
conpl ex, Suap g hiibody. 1 an a mona em odlment he stimulatory form of a 4-
1BB molecule or an anti-4-1BB antibody or fragment thereof is attached to the
same solid phase surface as the agent that stimulates the TCR/CD3 complex,
25 such as an anti-CD3 antibody. [n addition to anti-CD3 antibodies, other
antibodies that bind to receptors that mimic antigen signals may be used. For
example, the beads or other surfaces may be coated with combinations of anti-
CD2 antibodies and a B7 molecule and in particular anti-CD3 antibodies and
anti-CD28 antibodies. In further embodiments, the surfaces may be coated
30 with three or more agents, such as combinations of any of the agents described
' herein, for example, anti-CD3 antibodies, anti-CD28 antibodies, and anti-4-1BB

antibodies.

e

When coupled to a surface, the agents may be coupled to the

~same surface (i.e., in “cis” formation) or to separate surfaces (i.e., in “trans”
35 formation). Alternatively, one agent may be coupled to a surface and the other
 agent in solution. In one embodiment, the agent providing the co-stimulatory
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anti-CD3 antibody. In an additional enbodinment, the stinulatory formof a
4- 1 BB nolecule or an anti-4-1 BB anti body or fragnent thereof is attached

to the sane solid phase surface as the agent that stimulates thg/I3Ye8%e6
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anti bodi es, other antibodies that bind to receptors that mmc antigen
signals may be used. For exanple, the beads or other surfaces may be
coated with combi nations of anti- CD2 antibodies and a B7 nol ecule and in
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particul ar 2t @mbﬁ@ment,aaﬂ :760C0B3C LR Fatiatof candibodyt bhwowdly td beads ti® beads
i's used. lrused. In a further embodiment, a 1:50 CD3:CD28 ratio of antibody bound to
beads is used. In another embodiment, a 1:30 CD3:CD28 ratio of antibody
bound to beads is used. In one preferred embodiment, a 1:10 CD3:CD28 ratio
25 - of antibody bound to beads is used. In another embodiment, a 1:3 CD3:CD28
- ratio of antibody bound to the beads is used. In yet another embodiment, a 3:1
- CD3:CD28 ratio of antibody bound to the beads is used.
- In certain aspects of the present invention, three or more agents
are coupled to a surface. In certain embodiments, the agents may be coupled
- 30 to the same surface (ie., in “cis” formation) or to separate surfaces (ie.,
“trans” formation). Alternatively, one or more agents may be coupled to a
surface and the other agent or agents may be in solution.

Agents
Agents contemplated by the present invention inciude protein

35 Iigands natural ligands, and synthetic I:gands Agents that can bind to cell



anot her enbodi nent, a 1:75 CD3: CD28 ratio of antibody bound to beads is
used. In a further enbodinent, a 1:50 CD3:CD28 ratio of antibody bound to
beads is used. In another enbodiment, a 1:30 CD3:CD28 ratio of @B/®3d2006
bound to bwadsoi/mieseed. I n one preferred enbodi nent, a lpd&PuEiisrHddzé ratio
25 of antibody bound to beads is used. |In another enbodinent, a 1:3
CD3: CD28 ratio of antibody bound to the beads is used. In yet another
enbodi ment, a 3:1 CD3:CD28 ratio of antibody bound to the beads is used.
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ot oo oo o WA dnRERP 103y S50 el enbuiihh it GREGYRA gty
f ragnent s 3hePkish antipodiespang fieementis dhereetimayebeinraduced in accordance with
' conventional techniques, such as hybridoma methods and recombinant DNA
and protein expression techniques. Useful antibodies and fragments may be
derived from any species, including humans, or may be formed as chimeric
proteins, which employ sequences from more than one species. '
25 Methods well known in the art may be used o generate
antibodies, polyclonal antisera, or monoclonal antibodies that are specific for a
ligand.  Antibodies also may be produced as genetically engineered
immunoglobulins (ig) or Ig fragments designed to have desirable properties.
For example, by way of illustration and not limitation, antibodies may include a
30 - recombinant IgG that is a chimeric fusion protein having at least one variable
(V) region domain from a first mammalian species and at least one constant
region domain from a second distinct mammalian species. Most commonly, a
chimeric antibody has murine variable region sequences and human constant
region sequences. Such a murine/human chimeric immunoglobulin may be
35 ‘“humanized” by grafting the complementarity determining regions (CDRs),
which confer binding specificity for an antigen, derived from a murine antibody
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conventional techniques, such as hybridoma nethods and reconbi nant DNA and
protein expression techniques. Useful antibodies and fragnents may be
derived from any species, including humans, or nay be fornmed asO0@M0ByRO06
proteins, WA "Eﬂ%ﬁ'oy sequences from nore than one specPEBUSRE/IRII00S
wel | known in the art may be used to generate antibodies, polyclonal

anti sera, or nonoclonal antibodies that are specific for a |igand.

Ant i bodi es al so may be produced as genetically engineered imunoglobulins
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An immunogen may be comprised of cells expressing the ligand,
purified or partially purified ligand polypeptides or variants or fragments thereof,
or ligand peptides. Ligand peptides may be generated by proteolytic cleavage

25 ormay be chemically synthesized. Peptides for immunization may be selected
by analyzing the primary, secondary, or tertiary structure of the ligand according
to methods know to those skilled in the art in order to determine amino acid
sequences more likely to generate an antigenic response in a host animal (See,
e.g., Novotny, Mol. Immunol. 28:201-207, 1991 ; Berzoksky, Science 229:932-
30 40, 1985).

Preparation of the immunogen may include covalent coupling of
the ligand polypeptide or variant or fragment thereof, or peptide to another'
immunogenic protein, such as, keyhole fimpet hemocyanih or bovine serum
albumin. In addition, the peptide, polypeptide, or cells may be emulsified in an

35 adjuvant (See Harlow et al, Antibodies: A Laboratory Manual, 1988 Cold
Spring Harbor Laboratory). In general, after the first injection, animals receive
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20 pigs, cattle, and may include smaller mammali an species, such as, mce,
rats, and hansters. An i munogen may be conprised of cells expressing the
ligand, purified or partially purified |ligand pol ypeptides or O¥/@BY2006
fragnment s Whepesafz4989or | i gand peptides. Ligand peptides pewubmogensesiat ed by
proteol ytic cleavage 25 or may be chem cally synthesized. Peptides for

I mruni zati on may be selected by analyzing the primary, secondary, or
tertiary structure of the ligand according to nmethods know to those
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pr epar eépas Vi i conmpn spl een cells,
obt ai negof r 8%%%@%@6%%&&3%%%&%%@& i?nmm?l‘%d animdl. Lmé sp?een CEIfS
- and myeloma cells may be combined for a few minutes with a membrane
fusion-promoting agent, such as polyethylene glycol or a nonionic detergent,
and then plated at low density on a selective medium that supports the growth
of hybridoma cells, but not myeloma cells. A preferred selection media is HAT
25 (hypoxanthine, aminopterin, thymidine). After a sufficient time, usually about 1 )
to 2 weeks, colonies of cells are observed. Single colonies are isolated, and
antibodies produced by the celis may be tested for binding activity to the ligand
polypeptide or variant or fragment thereof. Hybridomas producing antibody with
high affinity and specificity for the ligand antigen are preferred. Hybridomas
30 that produce monoclonal antibodies that specifically bind to a ligand polypeptide
or variant or fragment thereof are contemplated by the present invention.

Monoclonal antibodies may be isolated from the supernatants of
hybridoma cultures. An alternative method for production of a murine
monoclonal antibody is to inject the hybridoma cells into the peritoneal cavity of

35 a syngeneic mouse. The mouse produces ascites fluid containing the
monoclonal antibody. Contaminants may be removed from the antibody by
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i mortalized by fusion with a drug-sensitized nyel oma cell fusion partner,
20 preferably one that is syngeneic with the i nmuni zed animal. The spl een
cells and nyeloma cells may be conbined for a few mi nutes w thga /MEFPLB0S
f usi on- pr oWE2PEP24§8Nnt , such as pol yet hyl ene gl ycol or aamus20ev008161
detergent, and then plated at | ow density on a selective nedi umthat
supports the growh of hybridoma cells, but not myeloma cells. A preferred
selection nedia is HAT .25 (hypoxanthine, am nopterin, thymdine). After a
sufficient ti ' : - :
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derived from a non-human monaclonal antibody, such as the variable region
derived from a murine, rat, or hamster monoclonal antibody, into a vector
containing sequences that encode at least one human constant region. (See,
. e.g., Shin et al, Methods Enzymol. 178:459-76, 1989; Walls et al., Nucleic
25 - Acids Res. 21:2921-29, 1993). The human constant region chosen may
depend upon the effector functions desired for the particular antibody. Another
method known in the art for generating chimeric antibodies is homologous
recombination (U.S. Patent No. 5,482,856). Preferably, the vectors will be
~ transfected into eukaryotic cells for stable expression of the chimeric antibody.
30 A non-human/human chimeric antibody may be further genetically
engineered to create a “humanized” antibody. Such an antibody has a piurality
of CDRs derived from an immunoglobulin of a non-human mammalian species,
at least one human variable framework region, and at least one human
immunogiobulin constant region. Humanization may yield an antibody that has
- 35  decreased binding affinity when compared with the non-human monoclonal
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(See, e.g., Mrrison et aL, Proc. NO Acad. Sci. USA, 81:6851-55, 1984).
Most  commonly, a chineric antibody nay be constructed by cloning the 20
pol ynucl eoti de sequences that encode at |east one variable regi Q3/AP3AR0O06
derived frwe2a0easgaunan nonocl onal anti body, such as thecwasi@apb®igiegi on
derived froma nurine, rat, or hanster nonocl onal antibody, into a vector
cont ai ni ng sequences that encode at |east one human constant region. (See,
e.g., Shin et aL, Methods Enzynol. 178:459-76, 1989; Walls et al, Nutleic
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An additional method for selecting antibodies that specifically bind
to a ligand polypeptide or variant or fragment thereof is by phage display (See,
e.g., Winter ef al., Annul. Rev. Immunol. 12:433-55, 1994; Burton ef al,, Adv.

25 Immunol. 57:191-280, 1994). Human or murine immunoglobulin variable region
gene combinatorial libraries may be created in phage vectors that can be
screened to select Ig fragments (Fab, Fv, sFv, or multimers thereof) that bind

-specifically to a figand polypeptide or variant or fragment thereof (See, e.g.,
U.S. Patent No. 5,223,409; Huse et al., Science 246:1275-81, 1989; Kang et

30  al, Proc. Natl. Acad. Sci. USA 88:4363-66, 1991; Hoogenboom et al., J. Molec.

Biol. 227:381-388, 1992; Schlebusch ef al., Hybridoma 16:47-52, 1997 and
references cited therein).

Cell Populations

As discussed above, the present invention has broad applicability
35 to any cell type having a cell surface moiety that one is desirous of ligating. In
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pol ynucl eoti de sequences encoding various effector proteins. These nethods
are known in the art, and are disclosed, for exanple, in EP-Bl-0318554,
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i) _b)? the T-cell. The ability to increase IFN-y secretion by tailoring the T-cell
activation (XCELLERATE) process could help promote the generation of TH1-
type immune responses, important for anti-tumor and anti-viral responses. Like
CD154, increased expression of GM-CSF can serve to enhance APC function,
- particularly through its effect on promoting the maturation of APC progenitors

25 into more functionally competent APC, such as dendritic cells. Altering the
expression of CD137 and CD134 can effect a T-cell's ability to resist or be
susceptible to apoptotic signals. Controlling the expression of adhesion/homing
receptors, such as CD62L and/or CD49d may determine the ability of infused T-
cells to home to lymphoid organs, sites of infection, or tumor sites.

30 An additional aspect of the present invention provides a T-cell
population or composition that has been depleted of CD8* or CD4* cells prior to
expansion. In one embodiment, CD8* cells are depleted by antibodies directed
to the CD8" marker. One of ordinary skill in the art would readily be able to

- !dentlfy a variety of particular methodologies for depleting a sample of CD8* or

35 CD4" cells or conversely enriching the CD4* or CD8" cell content. With respect

. to enriching for CD4"* cells, one aspect of the present invention is focused on

49



Such strategies are currently being enpl oyed by various conpanies to ligate
CD40 via antibodi es or reconbi nant CD40L. The approach described herein
permts this sanme signal to be delivered in a nore physi ol ogi cal)3vBE2006
e.g., 20 bwotzaes/op4988|l | . The ability to increase | FNy seecewsmoz/iigiscl
tailoring the T-cell activation (XCELLERATE) process could help pronote
the generation of TH1- type i mune responses, inportant for anti-tunor and
anti-viral responses. Like CD154, |ncreased expressi on of GW CSF can serve

to enhance Ak ehticllion. BR”4d Shabaly! RIAKBNCD1S4ChlSRESRR_ BIATE iuith | 1°

mat ur ati on of ors I nto unc ona ent Al such

en
as dendritic. S@mql@%mgt Equqllgoqnﬁ@tm@ﬁpﬁlwgnrbﬁcdﬁ%lseli%have:@fsn dapleters ect
a T-cel |'s alidintitated a6oves THT5408 arﬁm@m hundnitidRRiting! rﬁol%bﬂi@ahﬁose

Control ling the expressian, of e ors such as
o nda HRPRBIE TS, BanSheh ROl Heliiog” 198 it  Aporgs.
| ynphoi d & gdesordinglgsanf incréaset irorCDe54 t expressioheis lik8l) £ ieddi to Gn@fe
aspect of th ty vides a T-cell population or
conposi tion ?ﬁ[&f% 9@'%%%!}18@%??& @ﬁ ‘of CD8+ or CD4+ cells prior to
expansion. In one embodnnedditior@baspest of the epréspnteinvantiyn mnovndwuaeé' -cell
directed to ~a

Bf)ﬁlﬂaﬁa@ or %Hﬁ?&ﬁloﬁ)ﬁﬁatq{as%%m@édleﬁiﬁ +|] eﬂrﬂ, E%@f)(g% fig

readily be a a vari et articu

depl eting a €& Péor@s-‘s'@@@vaweiysofcmnke@ $l§fbﬂ3<%§%|fssgp§58ﬁr‘i)"cﬁﬂ4§3%
CD4+ ?r ga?gcwekuhegqf?ben_-z WIN-{, ILeB weqn) mﬁigéiggtasf /go gtf% /8886
aspect o resen ion i
PCTI US2002/ 084RsIon Hoolesy K?Qat?lcﬁtﬂ ?exV Al >'r dst*-'g%im nd/o
e>(<:&r3 e;sa Olnl plnmrhlrigemqimnules $¢= gnﬂl-@électm)pbnﬁr teldxppagivhat inoose \dmmsme“ﬁc

*) cell s have e
mpor tant | rSoaararg e b hese dnalfer 7k rdd@iCor bkl shigtlea ov
benefici al ianthogdiast pr mjhehdgandaibisdingsagents. disested dodihegmarker. i Aneasfe in
CD154

exps es&b%%%ﬁili' lheﬁ% &P wordf! rée?iﬂ?‘)dée aPEéfs iedn fﬁﬁtr@é% tv;ECr)i%’f')}plrofo parficular

COﬁDOSItIOﬂS t1 onal aspec
T-cel | ~ popungiogplagies fap sapisting pﬁapom\selwe%ﬂeawm doeca ganepiei pf cellsd f

or popul atl@)(?r@gsm%gldeg"@dm@ﬁé,} ng a varl ety of rrar kers such as CD62L
CD45RA or hnes 8 r’?&l_é %_ cyt oki ne
receptors (e.g. O D25) N&EhepRlyRIc WQ{QSOH © [’;Lﬂo@é"ﬂt@nﬁ Of\/'%? presgmi. 2,

VLA- 4, LPAMirveritibA- dan bmdiormﬂordmb g varéecof metbed:gmdlucﬁngemmdﬁrd flowor to
cpan Lot LR R A e e A By a2
agents directed to the marker. One of 15 ordinary skill in the art would
readi ly be aflifob®otdgptify a variety of particul ar
In addition to the methods described above, celis stimulated
and/or activated by the methods herein described may be utilized in a variety of
~ contexts. With respect to the prototypic example of T-cells, the methodologies
25 described herein can be used to selectively expand a population of CD28",

- CD4*, CD8', CD45RA", or CD45RO"* T-cells for use in the treatment of
infectious diseases, cancer, and immunotherapy. As a result, a phenotypically
unique population of T-cells, which is polyclonal with respect to antigen
reactivity, but essentially homogeneous with respect to either CD4* or CD8*

- 30 can be produced. In addition, the method allows for the expansion of a
population of T-cells in numbers sufficient to reconstitute an individual’s total
‘CD4" or CD8" T-cell population (the population of lymphocytes in an individual
is approximately 3-5 X 10""). The resulting T-cell population can also be
genetically transduced and used for immunotherapy or can be used in methods

35 of in wtro analyses of infectious agents. For example a population of tumor-
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T-cells 20 permanently resistant to HIV infection. There are a number of techniques by
which T-cells may be rendered either resistant to HIV infection or incapable of
producing virus prior to restoring the T-cells to the infected individual. For
example, one or more anti-retroviral agents can be cultured with CD4* T-cells
prior to expansion to inhibit HIV replication or viral production (e.g., drugs that
~ 25 target reverse transcriptase and/or other components of the viral machinery,
~see e.g., Chow et al. Nature 361:650-653, 1993).
Several methods can be used to genetically transduce T-cells to
produce molecules which inhibit HIV infection or replication. For example, in
_ various embodiments, T-cells can be genetically transduced to produce
- 80 transdominant inhibitors, “molecular decoys”, antisense molecules, intrakines,
or toxins. Such methodologies are described in further detail in U.S. Patent
Application Nos. 08/253,751, 08/253,964, and PCT Publication No. WO
95/33823, which are incorporated herein by reference in their entirety.
: The methods for stimulating and expanding a population of
- 35 antigen specific T-cells are useful in therapeutic situations where it is desirable
to up-regulate an immune response (e.g., induce a response or enhance an
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15 to normal |evels nmay be expected to restore i mune function to a
significant degree. Thus, the nmethod described herein provides a neans for
sel ecti vel expandi ng CD4+ T-cells to sufficient nunbers to red®amSdBYa0H6
this pOpu|‘éPl28(Hﬁq2ﬁ989an HV infected patient. It may al soPEFURMEZEBHY t O
avoid infecting the T-cells during long-termstinulation or it may
desirable to render the T-cells 20 permanently resistant to HV infection.
There are a nunber of techniques by which T-cells may be rendered either

resistant to bkistin fe%@bh@é) @;Bod Qémﬁﬁéﬂamﬁfof tRe T0tisTte aVédH;éctFrFo%xérﬂgr ot

restoring the,T-cel|s to t I nf ect | Vi . For one
anti-ret ?ow r le ﬁ'ﬁh?g &3 ‘fJPeS"&ﬁ”i"?? @D?lt‘c?u c@spgnsﬁ)rﬁlgﬁ'"i’c‘otumm-
Sxpan3| on to asduckated Hintigeap! | Jammemncells Yiohdla pubjbice tivei har}gya &E(presgrﬂgﬁort hat
5 target rev C nents.,.of .the vir
machi nery, | sasteiaSd Bifde s BRa) e UnBle 't BRIRELS CoRyfugardd.ardm T-
net hods cah b@ellas(ewxbetgemetﬁhewiagka e)q:nesmore oTOOeStinwlatmry prodelcubes) Moty | es
whi ch hi bi t t

i ch i nhi bi tuHioYdeﬂ%%ﬁh't@ﬂcSﬁtabfé@ \lrvliﬁ"r*- ans ga%m;%t 6)&(’:@/%& AMtigen

enbodi nent s, E f ﬁ wgqlenet I ca
t r ansdoni nant SREscHT €ells expardet asegrd tﬂ@c‘@ytbe m&ﬂloﬁs@fnti'@ irgenrtion and the T-
I nt raki nes, gyusrra)gmwto&n@lsumgohodol ogies are described in further detail

in US. Patent Applicatio 08/ 253, 751,. 08/.253, 964, and PCT
Publication No. WO 95 g%anV\hI'%hO%? MRt s malignancies, SHEN: @ePBRce i n

thei 1 ent10 ethjodgkins bymbbrmal (NHIS! armvlBbelnohe: kxGIStYTo ieuksiie! ®.0pn) of
antigen s er uat L ons It

i s desi grgabl e%%ﬁé;edpefﬁgguﬂ'ﬁ?a@ﬁarﬁﬁﬁﬁé ltlsggé) %P(%@LS 09ﬁ§ ha‘(ﬂ% egn Feegg?fi)ﬁke or

enhance an 5NHI3/ (see2bsbowitn enab/ @msgpﬁcwmzmomemwm),sthmg’-ceu

response) uPeRpARiibAl & i hrlehl inblfio héHgﬂagl L ehdrdeASRERS!

the nethod c be used to ‘enhance a

associ at ed afff gdrMmatically, erBanGe f ﬂlﬂn%JQﬁQ%? e@ wpua@lhegammyegxovudm

t e I
T s cel] ?m‘f m@ o ey E‘"’*‘”ﬁg“s"‘i" BY Tithtatiorf of Shes COPY Sofal ahledna
mol ecul es) . Y. FIOyYeVes P@t' goé by Prezenti sneciel difficatties, dﬁ?’ﬂﬂ@g
Su'?Jh egt :c nt \éldw oclativk a'nmelgaummﬁmfh high- i&ikbﬁ'negjé?m\ﬁ@eﬁQﬁoﬂhé' périgheraline
met hod o returned to the su
Accor di ngly, Blohﬂ %@é@@éﬁf@g’e y ﬁ'apf"é%%&[ sTRUAURRS qgﬂqessi@njl_b Ri hecell
Lynphoma ( NHRgpulaiibre- afdhe pzrﬂsmtllnver;tmmmypnw:deeddaamtma(f&rﬁb@/edcaﬁﬁb
N (se2dL o el Chnis | HEeBSe Vahd T cSARARRP et StoRbhel yif® rﬁtﬁfﬁsﬁ‘f@ﬂa |
popul ati ons AN t@ﬁ'@"smamhvéﬁwrﬁlﬂgﬂ,flmreaﬁmu"ﬁ*cplh&mﬂnpmand anti-CLL T-
gca:) act er : ﬁgieﬂs detivity Wit SHIRODI Gal dati-eD28N R-hitoBHESE SEedls IWBTIAObLEr apy

eneficial.

For example, given that deficient expression of CD154, the ligand
25 for CD40, on T-cells of B-CLL patients has been cited as a major immunological
defect of the disease, the T-cell populations of the present invention, which may
provide sustained high ievels of CD154 expression upon re-infusion, could aid
in its treatment. Investigators report that in CLL the capability of a patient’s T-
cells’ to express CD154. is defective as well as the capability of the leukemic B-
30 cells to express CD80 and CD86. The failure of leukemic B-cells in CLL to
adequately express the ligands for CD28, could result in failure to fully activate
tumor-responsive T-celis and, therefore, may represent the mechanism
underlying the T-cells’ apparent state of tolerance. Studies in which CD40 is
engaged on CLL B cells, either via soluble anti-CD40 antibodies or via CD154-
35 transduced leukemic B-cells, appears to correct the defect in CD80 and CD86
. .expression and up-regulates MHC surface expression. Kato ef al, J.. Clin.
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15 increased engraftnent (likely supplied by stinulation of the CD28
signal) and reactivity. However, patients with B-CLL present speci al
difficult Iﬁ% bS?CI uding lowrelative T-cell nunmbers wi th high 08/A®3Y2006
cel I burdef %% é9 er| pheral bl ood, acconpani ed by a gereUsdofesh |

I mmunosuppression. The T-cell popul ations of the present invention can
provide dramatically inproved efficacy 20 in treating this disease and
especi al Iy when conbined with stemcell transplantation therapy
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t he enhance ;ﬁgg dﬂv%? gipﬁn the surface of the T- 5 cell population
of the |5|5esent i nvent Allernaticdly,T- Taklls van! ﬁebe-,tmaedd,ﬁo eﬂp‘&h@é&‘chs"‘”h
aut ol ogous us |ncrease t hat tuno

i mmnogenl C?E&rtae@?&élr\%{nn&ﬁ%g‘ﬂgg cﬂ é@f%ﬁ; CIESRRRSIVRASSS, OaH@FhMC agents, in
turn, shoul augfeae virdses éQ gorhyrean imtnunodeficienmyneieus) Fbaéteas, p%@lté’sf afRgdi nary
ski Il in tfumgart would readily understand that treatment of a patient wth
ex vivo 10 expanded -cells of the present invention may be conbined with

1 adi f:eggalm(;ncer ¢ H@rﬁp@gogdgihggpm metbgds to setdetlﬁed‘iyj&g@@dd dor
exanp a ensubpepulafort refaTelid frima3 #Hk Wa rﬁ o i
chnatrrﬁafr[‘céFﬁfegg&én J‘f}f) Onhgutar?tr éne;s)r‘ov: es specﬂlcalhlr\lgfn?}e popuﬁmon\gzof T%cefs that o
have much higher ratio of CD4* and CD8* double positive T-cells.
Another embodiment of the invention, provides a method for
selectively expanding a population of Ty, cells from a popuiation of CD4* T-
225 cells. In this method, CD4* T-cells are co-stimulated with an anti-CD28
antibody, such as the monogclonal antibody 9.3, inducing secretion of Tyy-
specific cytokines, including IFN-y, resulting in enrichment of Ty, cells over Ty
~cells.
_ The observation herein that phenotypic traits of activated T-cells
/30 vary over time during the expansion process, combined with the fact that T-cells
have been demonstrated to be activated. within a few hours (lezzi ef al.,
- Immunity 8:89-95, 1998). Accordingly, in combination with the methodologies
herein described, this provides the ability to expand a tailor made subset of a T-
cell population in a short period of time. In one embodiment, this technique can
35 be utilized at the bedside of a subject, in an outpatient modality, or at a
subject’'s home, similar to the use of kidney dialysis. For example, a method or |
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of the present invention or both. 15 Alternatively, T-cells can be

stinul ated and expanded as described herein to i nduce or enhance

responsi veness to pathogenic agents, such as viruses (e.g., huggy(03/2006
I mmunodef iwOeomsy2198y US), bacteria, parasites and fungi.pdbesinyesidion
further provides nethods to selectively .expand a 20 specific

subpopul ation of T-cells froma m xed population of T-cells. In particular,
the invention provides speC|f|caIIy enriched popul ations of T-cells that
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anti - wioanglooﬁtmor?gg@!ear c& gﬂnr?go eres:% Igurther the solid surface/surface
platform may be a part of a removal insert which is inserted into cne of the
device chambers or physically present within one of the disposable
components. In another embodiment of the continuous flow aspect discussed
above, the system may comprise contacting the cells with the activating
25 components at room temperature or at physiologic temperature using a
chamber within a blood collection device or an incubation chamber set up in
series with the flow path to the patient.
In another example, blood is drawn into a stand-alone disposable
_device directly from the patient that contains two or more immobilized
30 antibodies (e.g., anti-CD3 and anti-CD28) or other components to stimulate
receptors required for T-cell activation prior to the cells being administered to
the subject (e.g., immobilized on plastic surfaces or upon separable
microparticles). In one embodiment, the disposable device may comprise a
, container (e.g., a plastic bag, or flask) with appropriate tubing connections
35 suitable for combining/docking with syringes and sterile docking devices. This
device will contain a solid surface for immobilization of T-cell activation
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stinmulate receptors required for T-cell activation prior to cells returning
to the subject can be utilized (inmobilized on plastic surfaces or upon
separable 15 m crogart icles). Such a systemcould involve a | eul3oHe3 £2i00D6
i nst runent WA P98 sposabl e set sterile docked to the BRIESINZ028161

manuf acturers di sposable set, or be an adaptation to the manufacturer's

di sposabl e set (e.g., the surface platformon which the

ant i bodi es/ activation conponents are immbilized/contained is within the
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devi ce, t hemaybedimroobilizedor nsepardted tesint et BROEY Bloodbrdd? tgﬁié:ir can
Demmerat or ool B2 Grod THlHer, 2 ThdSe.of ey mkibingberaboan o
nmperature or I ncubated" at 10l filainpiberab ca
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Cecoonl 30 Th-iieent e S0 Bho bl T el Pl e, o
devi ces t hatCW(R% ¢qyld beeuseskigprewide rapidractivatien o -telisrirmlicryoplesirge@d or
exi sting dewhaleslond) pemsheral blood mononuclear cells, other cyropreserved blood-
derived cells, or cryopreserved T-cell lines upon thaw and prior to subject
administration. In another example, the methods and devices can be used to
25 boost the activity of a previously ex vivo expanded T-cell product or T celf line
- prior to administration to the subject, thus providing a highly activated T-cell
product. Lastly, as will be readily appreciated the methods and devices above
may be utilized for autologous or allogeneic cell therapy simultaneously with the
subject and donor.
30 The methods of the present invention may alsc be utilized with
vaccines to enhance reactivity of the antigen and enhance in vivo effect.
Further, given that T-cells expanded by the present invention have a relatively
long half-life in the body, these cells could act as perfect vehicles for gene
_ therapy, by carrying a desired nucleic acid sequence of interest and potentially
35 homing to sites of cancer, disease, or infection. Accordingly, the cells
expanded by the present invention may be delivered to a patient in combination
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Accordingly, as such devices and nethods are not limted by the specific
enbodi nents set forth herein, but would include any device or nethodol ogy
capabl e of maintaining sterility and which nmaintains blood in a0BlA03)/2006
in 15 whi ohocoajpbesent activation is reduced and wher ei rPCIOUS20ZB R 1
necessary for T-cell activation (e.g., anti-CD3 and anti-CD28 anti bodi es
or ligands thereto) may be immobilized or separated fromthe bl ood or

bl ood product prior to admnistration to the subject. Further, as those of
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present invention rraﬁ dm ni stere one or as a pharnaceuti cal
conposi tion 19% HGVENA F@GH"V\PVﬁ"HTIuents and/or wi th ot her conponents such

as |1L-2 or other cyt oharesaceuticsl! bombymahs%lsm@rpr@éém mpbmﬁdmﬁay ipeal
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t t I
popl at i on. :ROBDIXTRELYT 18" enBer, nitopBRg: 18 Msh dsdascond be “fierted (or
phar mace20i qartevented). pfiheiquiaotiiycarid frequency of administration will be determined by

‘such factors as the condition of the patient, and the type and severity of the
- patient’s disease, although appropriate dosages may be determined by clinical
trials.

_ All references referred to within the text are hereby incorporated
25 by reference in their entirety. Moreover, all numerical ranges utilized herein
' explicitly include all integer values within the range and selection of specific

numerical values within the range is contemplated depending on the particular
use. Further, the following examples are offered by way of illustration, and not
-by way of limitation. -
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acceptable carriers, diluents or excipients. Such conpositions may conprise
buffers such as neutral buffered saline, phosphate buffered saline and the
| i ke; carbohydrates such as gl ucose, mannose, sucrose or dextr@8/03/2006

manni t ol ; WQ¥PHP889 pol ypepti des or ami no acids such aspetNSiddSi28161
antioxi dants; chelating 15 agents such as EDTA or gl utathione; adjuvants
(e.g., alum num hydroxi de); and preservatives. Conpositions of the present
i nvention are preferably formulated for intravenous adm nistration.

Phar maceuti cal conpositions of the preggx ntion may be adm nistered
I n a manner appropriate to the di seaseTU—l\gwpaEﬁSeat ed (or 20 prevented).
The quantity and frequency of adm nistration will be determ ned by such

factors as the condition of the patiengExspnd tipe type and severity of the

patient's disease, although appropriate sages may be determ ned by
clinical trials. All references ref@&?%%ﬁ'%&ﬁTm n the text are hereby

incorporated 25 by reference in their entirety. Mreover, all nunerical .
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L LERAT DML S Ao R ae o rereeis.ard Wetheland therdnBubEBESM, car
uhebSted? CRSABERLISH S0 Sn it Forbarirniin ime-phagecytia celihe

cell (PBMC) apheresis produc
clijni cal sit eSUNHRS PMRROCHER dngast tha beade s Midr tiedintiieation) v AR NA bBa

sﬂé‘ﬁ"iéeﬂm?%'g@ﬁ%%‘% YAE'Y, SR Sen) Metdfetif Stk R oorer g teenave dher”
beads are pr sBRC GYBh Mmenosxi/phagepytici T}eIISetb'at iiatreraﬁacr?ddw the tfe?ﬁ%ye
S i g T i L LT
% 450" o) CROBICDB ot baBELEHME e o o el
tﬁe:;' cells) :celTé).e The hier ot Gelis 23 IYRA ﬁi@%@pc%zgé Qﬁ?iﬁe?‘r ©
incubated at 37°C, 5% CO, for approximately 8 days to generate
XCELLERATED T-celis for a first infusion. The remaining monocyte-depleted
20 PBMC are cryopreserved until a second or further cell product expansion
(approximately 21 days later) at which time they are thawed, washed and then
a volume containing a total of 5 x 10° CD3* T-cells is taken and set-up with 1.5
x 10° DYNABEADS® M-450 CD3/CD28 T to initiate the XCELLERATE Process
for a second infusion. During the incubation period of =8 days at 37°C, 5%
| 25 COg, the CD3* T-cells activate and expand. The anti-CD3 mAb used is BC3
(XR-CD3; Fred Huichinson Cancer Research Center, Seattle, WA), and the
anti-CD28 mAb (B-T3, XR-CD28) is obtained from Diaclone, Besangon, France

With a modified process referred to as XCELLERATE II™ the

30 process described above was utilized with some modifications in which no
separate monocyte depletion step was utilized and in certain processes the

cells were frozen prior to initiaf contact with beads and further concentration

and stimulation were performed. (See Figures 5A and 5B). In one version of

this process T-cells were obtained from the circulating blood of a donor or

.35 patient by apheresis. Components of an apheresis product typically include
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I ncubated at 37C, 5% CO2 for approximately 8 days to generate XCELLERATED
T-cells for a first infusion. The remai ni ng nonocyt e-depl eted 20 PBMC are
cryopreserved until a second or further cell product expansion (3/03/2006

(approxi medvel2403%0ksstays | ater) at which tinme they are thapegusiesbadsand
then a volume containing a total of 5 x 108 CD3+ T-cells is taken and

set-up with 1.5

x 109 DYNABEADS(r) M 450 CD3/CD28 T to initiate the

XCELLERATE Process for a second infusion. During the incubation period of

-8 days at
anti -
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PBS. An

cel

suspensit_on cont al ns
ud ’U%Naﬁsecﬁf 3G Eegf? %ddhecﬁeil CONEERIBRED CRAJrangehiiamn 18 dpum

al bumi n in 2B8X105cakiad. Oﬁ&éetrfé@ﬂyécﬁé%a@t is filled with cells and freezing solution,

the bag is placed in a controlled rate freezer and the cells are frozen at
1°C/minute down to -80°C. The frozen cells are then placed in a liquid nitrogen

storage system until needed.

25

30 ¢

The cells are removed from the liquid nitrogen storage system
and are thawed at 37°C. To remove DMSO, the thawed cells are then washed
with calcium-free, magnesium-free PBS on the COBE 2991 System. The
washed cells are then passed through an 80 micron mesh filter.

The thawed cells, approximately 0.5x10° CD3* cells, are placed in
a plastic 1L Lifecell bag that contains 100 ml of calcium-free, magnesium-free
PBS. The PBS contains 1% - 5% human serum. 1.5x10° 3x28 beads

- (DYNABEADS® M-450 CD3/CD28 T) are also placed in the bag with the cells

35

(3:1 DYNABEADS M-450 CD3/CD28 T:CD3* T-cells). The beads and cells are
mixed at room temperature at ~ 1 RPM (end-over-end rotation) for about 30
minutes. The bag containing the beads and cells is placed on the MaxSep

- Magnetic Separator (Nexell Therapeutics, irvine, CAb. Between the bag and
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a final concentration of 50x106 cells/m . The Cryocyte bag may contain
volunmes 20 in the range of 30 - 70 m, and the cell concentration can range
from 10 to 200x106 cells/ni. Once the Cryocyte bag is filled wo3Y ®®/R906
and freeziW§288¥43#988n, the. bag is placed in a control |BdTOste/G8mezer and
the cells are frozen at 1 C mnute down to -80C. The frozen cells are then
placed in a liquid nitrogen storage systemuntil needed. 25 The cells are
renoved fromthe liquid nitrogen storage system and are thawed at 37 C.

|
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w t hout about
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are al | oned ?’f@r eRRipR: EEH['FE' Yl‘ QXRTRSQQB H)f(?fD%ﬁ;l?@ LR
T-cel | acti watdayn3 Oémdltlpneolﬁ)lh dagt8 ogliswers ﬂl&ﬂﬁ&d mc\‘k#w uhdéi*/ fd\ﬂft?@(aﬁ[ﬁbks g
after 3 daysgg of T- S _assesse
by reasur | g oumi BYer ity MaxElp Wadner 361ty Bk Maghelis p@ﬁd%s@n%ﬁw
particul arl 99331@%%@5@@6@51@ eenaeDBitech tsiDp th§4COBE device noted above and
20 resuspended in a balanced electrolyte solution smtable for intravenous
administration, such as Plasma-Lyte A® (Baxter-Healthcare).
As described within the specification XCELLERATE I™ refers to
conditions similar to that above, except that stimulation and concentration were
not performed and monocyte depletion was performed prior to stimulation.
25 Both XCELLERATE I™ and '™ processes were performed and
T-cell proliferation was measured after 8 days in culture. The yield of expanded
T-cells was greater when CD3* cells were concentrated prior to cell culture.
(See Table 1). In addition, the cell population had greater than 90% CD3* cells.

Table 1. T-Cell Yield Expansion at Day 8

Experiment | No CD3* Concentration | CD3* Concentration
(XCELLERATE ™) {(XCELLERATE II™™)

NDa079 33x10° 36 x 10°
NDaos1 38 x 10° 42 x 10°
NDa082 28 x 10° 38 x 107

Average - 33:x5x10° 39 +3x 10°
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on day 3 of culture. On day 8 cells were allowed to flow under gravity
(approx. 150 m/mn) over the MaxSep magnet to renove the magnetic
particles and the cells are washed and concentrated using the QGBHIL200OH
not ed aboWEOZM$/02€P8P esuspended i n a bal anced el ectrol yt erGrUstdEsmai t abl e
for intravenous admnistration, such as Plasma-Lyle A(r)
(Baxter-Healthcare). As described within the specification XCELLERATE | TM
refers to conditions simlar to that above, except that stinulation and
concentration were not perfornmed and nonocyte depl etion was perforned
prior to stimulation. 25 Both XCELLERATE | TM and Il TM processes were
performed and T-cell pFUltheRexpedneniss wesapeartoonat isr ifds degard and udepicie.
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culture effectl y increases .the pur.i of the cel'l's as wel
i ncreasi ng éb%&étlrg e?.'"@ﬁ%?’ey@ﬁ qfi%%@"Q-'QﬁB'e Hepi ct CD154 |evel s
graphically). Furthernore, conparison of T cell proliferation where

popul ations of T -cells were 10 exposed to magnets of differing strengths
eater yield of

showed t hat expo 0.a_stronger net resulted in gr
CD3* cel | s. (Tgbﬁg‘[)%%' ?881%‘"?99@6}@3'? Beglferatian endiCek Suifacs: Metksis and Cel |

Surface Markers after Concentration Using Weak and Strong Magnets

Experiment Magnet | Day | CD3% | Size CD25 | CD154 | CD3#
(FSC) (MFI) (MFD) x 10°
1 NDaQ87
Pre-Selection 0 47% 318 8 4 0.5
Post- Weak 0 | 56% 0.37
Selection -
Post- Strong 0 61% 0.35
Selection _
No Selection | None 3 533 758 19 .
Post- Weak 3 90% 570 | 846 41
Selection :
Post- Strong 3 92% 558 1006 45
Selection
Post-Culture | None
Post-Culture | Weak 8 92% 412 110 g 17.7
StronL 8 93% 413 89 7 37.8
NDa089
Pre-Selection 0 44% 312 6 4 0.5
Post- Weak 0 46% , 0.39
| Selection _
Post- Strong 0 55% 0.3
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after Concentration Using Wak and Strong Magnets Ex

eri ment Magnet DayCD3%5i zeCD25CD | 54CD3# FSCMFI MFI x 10p NDa(O87
840.5 Post- Wak056%). 37 Sel ection Post- St 03/0B120.035

Pr e- Sel ect i 0
Sel ection W%@?’@‘% onNone353375819 Post- Wak390%70846#L TOsbmenisdsy Post -
St rong392%%58100645 Sel ecti on Post - Cul t ur eNone

Post - Cul t ur eWeak8929%112110917. 7 Strong893%11389737.8 NDa089

Pr e- Sel ecti on0449%212640.5 Post - ak 046%). 39 Sel ecti on Post -
_[_St rong055%). BpbAmM® 20D R:R3408D %t &b 9N A s [df T
Sel ecti on Post]- Sel'ection v‘eagK a@x &%/QS g% CB% 194 | CD3#
- FSC MFI ®
Selection =0 1 0 ) 10
Post-. Weak 3 83% 589 685 67
Selection :
Post-_ Strong 3 83% 600 720 115
Selection .
Post-Culture | Weak 8 89% 409 58 18 25.3
Stong | 8 | 8% | 371 | 65 | 13 | 421 |
, Table 2. (continued)
Experiment Magnet | CD25 CD25 CD154 | CD154 CD3
onDay0 | on Day 3 on on Cell #
_ Day0 | Day3 On
{MF1) MF A
] ]
NDsoss (MFI) (MF1) (MF1) x 10
No Selection | None 8 758 4 19 31
Selection Weak 8 846 4 41 18
Selection Strong 8 1006 4 45 38
NDa089 |
-No Selection | None 6 309 4 12 26
Selection Weak 6 685 4 67 25
Selection Strong 6 720 4 115 42

| Five additional experiments were performed comparing the
5 process of XCELLERATE I™ to that of XCELLERATE (™.  For the cells
' activated and culture-expanded according to the two processes, cell activation
- markers (cell size, CD25 expression, and CD154 expression) on days 3 and 8
~ of culture are shown below in Table 3 and in Figures 6-7. -

Table 3: Cell Activation Markers on Day 3

Experiment Cell Size | CD25 (MFI) | CD154 (MFi)

Number Process (FSC) '

{Donor) Day | Day | Day | Day | Day Day
0 3 0 3 0 3

NDa104 | XCELLERATE | 282 | 508 7 625 5 50

PCO71 .
( ) XCELLERATE 315531 | 7 750 5 162
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Strong Weak Stron L7!'t Table 2. (continued) Experinent | Magnet CD25 CD25
CD154 CD154 CD3 on Day O on Day 3 on on Cell # Day O Day 3 On Day 8 M
(MFI) MFI) (MFI) x 10 NDaCB9 N S | i o e None630941226 ect 03/ 03/2006
Sel ect i on\WeaR@BAZHBY 25 Sel ecti onStron6720411542 Five addidl/gsrae2/egiseri nent s
were perfornmed conparing the 5 process of XCELLERATE ITMto that of
XCELLERATE |1 TM For the cells activated and cul ture-expanded according to
the two processes, cell activation mnmarkers (cell size, CD25 expression,
and CD154 expr eddbxpejiment fays 3 and &ell GizecU] tCD25 giF) sh@BSheviByv|i n Tabl e
3 and in Figureg 6NUmbdrab| epgiceSel | Agt$®atilon Markers pn Day 3 BEjperi nent
Nunber (Donor) jNO@mbnéry (PCO71) Day | Day | Day | Day | Day | Day |

0 3 0 3 0 3
NDat07 |XCELERATEI| 243 | 578 | 5 287 4 23

(PCO74) XCELLERATE | 272 | 587 | 6 311 5 120

NDa110 | XCELLERATE! [ 262 | 588 | 6 297 | 4 590

{(PCO76) XCELL"ERATE 284 | 615 6 580 5 197

NDal113 | XCELLERATET | 271 | 662 726 | 4 54

(PCO60) XCELLERATE | 201 | 660 | 6 | 741 5 | 177

154

202 6 25
448 6 83

o2

NDa115 | XCELLERATE! | 253 | 560

{(PCO73) XCEILERATE | 252 | 582
n

(o]

Average | XCELLERATE!| 262 | 583 6 467 5 42
+ Std Dev * +50 | =1 + 221 z= 1 +17
15 '
XCELI;;E_RATE 283 | 595 6 566 5 148

=23 | 247 =1 + 189 x1 +17
All cultures in Table 3 were in_i’(iated with cells that were frozenfthawed.

The data in Table 3 and Figures 6-7 show that the XCELLERATE

™ process generated cells whose cell size and CD25 expression activation

5 markers on day 3 were on average similar, but typically higher and continued to
be higher following stimulation. However, the CD154 activation marker on day

3 for T-cells from the XCELLERATE {I™ process was much greater than for
those of T-cells from the XCELLERATE I"™ process. Further, as demonstrated
above, the XCELLERATE II™ process generated CD25 and CD154 levels that

10 were consistently higher per donor than other methods.
The expression of CD154 on Day 3 of the XCELLERATE lI™

process is actually much higher than for XCELLERATE I™. This cbservation
suggests that the T-cells are in a higher state of activation during the
XCELLERATE N™ process than in the XCELLERATE I™ process. It is
15 predicted that this may translate into a more effective product when

administered in vivo.
CD3* Cell Purity, CD4 Cell/CD8 cell ratio, and cell viability on Day

3 of culture were also determined for five patient samples. The phenotype and
viability of cells used subjected to the XCELLERATE I™ process and the
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Process 03/03/2006 PCT/ US2002r 028161 DaCD3%5i zeCD25CDL54 CD3# FSCMFI MFI x
109 383968968567 3839600720115 88994095818 25.3 88798716513 42.1 Cel| Size
CD25 (MFI)_CDI54 (MFl) ' FSCDay O Day 3 Day O Day 3 Day 003y 3 206RA

rEt 282 5280208¥F9%¢C tiara 315 531 7 750 5 |f Day 3 BOVUSROBLSWD
2003/ 024989 03/03/2006 PCT/ US2002/ 028161 Experinment ProcessCell Size CD25

( MFI ) CD154 (MFI) Nunber FSC

XCELLERATE HI™ process are shown below in Table 4 as measured by Flow
Cytometry or Trypan blue staining.

Table 4
NDa # Day 0 Day 0 Day O Day 3 Day 3 Day 3
CcD3* Cell CD4:.CD8 | CD3* Cell CD4.CD8
Ce]l Viability ratio” Cell Viability ratio
Purlt.y (%) Purity (%)
(%) (%)
Sk 103 70 92 1.91 79 82 1.3
{ XCELLERATE |
103 85 99 23 o1 95 2.4
XCELLERATE
H
104 67 95 3.2 84 78 27
XCELILERATE |
104 110 99 3.7 a3 87 2.9
XCELLERATE
1]
107 69 99 2.3 8% | 82 23
XCELLERATE |
107 119 99 2.7 95 - 92 28
XCELLERATE
I
110 63 a9 29 91 a2 2.6
XCELLERATE 1
10 - 83 99 3.9 93 92 45
XCELLERATE
H
115 60 99 1.9 92 H 2.7
XCELLERATE |
' 115 72 99 2.2 96 94 _ 2.8
XCELLERATE _ '
[l

* = Purity of CD3” T-cells on day © afier. monocyte-depletion in the XCELLERATE | process
or after magnetic concentration in the XCELLERATE I process
- W =ratio of CD4” : CD8" T-cells on day 0 after monocyte-depletion in the XCELLERATE |
process or after magnetic concentration in the XCELLERATE il process
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(Donor ) Day Day Day Day Day Day 030303 NDalO7XCELLERATE 12435785287423

( POO74) XCELLERATE27258763115120 NDallOXCELLERATE 12625886497459
(PCO76) XCELLERATE 28461565805197 11 NDall3XCELLERATE 1271662572645¢3/2006

( PCC60) XCEVDERSTE4939166067415177 ii NDall5XCELLERATE | 2pGHG02HE824
(PCO73) XCELLERATE2525826448683 Average 262 583 6 467 5 42 St dDevXCELLERATE
1t 501221117 15 xCELLERATE 283 595 6 566 5

EXAMPLE Il
EFFICIENCY OF CD3* T-CELL ENRICHMENT, MONOCYTE-DEPLETION
AND GRANULOCYTE-DEPLETION

5 ' For this study, upon receipt at the Xcyte Therapies Development
laboratory, the incoming PBMC apheresis product was washed, split and:

1. For the XCELLERATE | process, a monocyte—depletion
step was carried out and the CD14" monocyte-depleted PBMC were

- cryopreserved and stored in the vapor phase of a LN, freezer {as noted in
10 Example I). On the day of set-up of the XCELLERATE | process, the CD14*
monocyte-depleted PBMC were thawed and the XCELLERATE process
initiated with DYNABEADS M-450 CD3/CD28 T as detailed in Example I. The
average cellular composition and the average efficiency of CD3* T-cell
enrichment, CD14" monocyte-depletion and granulocyte-depletion for the N = 5
15 donors in these initial sieps is shown in Table 5.1 and the data for each
individual donor is shown in Table 5.2.

2. For the XCELLERATE Il process, the PBMC apheresis
product cells cryopreserved and stored in the vapor phase of a LN, freezer. On
the day of set-up of the XCELLERATE i process, the cryopreserved PBMC

20 apheresis product cells were thawed and the CD3* T-cells magnetically

concentrated and the XCELLERATE N process initiated with DYNABEADS M-

450 CD3/CD28 T as detailed in Example |. The average cellular composition

and the average efficiency of CD3* T-celi enrichment, CD14* monocyte-

depletion and granulocyte-depletion for the N = 5 donors in these initial steps is

25 shown in Table 5.1 and the data for each individual donor is shown in Table
5.2

As demonstrated in Tables 5.1 and 5.2, the combination of
freezefthawing of the PBMC apheresis product followed by magnetic
concentration of CD3"* T-cells direct from the thawed PBMC apheresis product in

30 the XCELLERATE Il process configuration results in efficient elimination of

~ CDh14* monocytes and granulocytes (Table 5.1 and Table 5.2). The efficiency of

‘the elimination of the CD14" monocytes and the granulocytes in the

XCELLERATE Il proceSs is as good as that of the XCELLERATE 1 process with

the benefit that it eliminates the need for a separate depletion step using the

35 additional “uncoated” DYNABEADS M-450 T reagent and consistently leads to a
higher CD4/CD8 ratio. |
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148 11-23471189117 All cultures in Table 3 were initiated with cells that
were frozen/thawed. The data in Table 3 and Figures 6-7 show that the
XCELLERATE |1 TM process generated cells whose cell size and CD®3/03/2006
expr essi onWaR¥E#98Bn 5 markers on day 3 were on aver ageGus20ex02815ut
typically higher and continued to be higher follow ng stimnulation.

However, the CD1 54 activation marker on day 3 for T-cells fromthe
XCELLERATE || TM process was nmuch greater than for those of T-cells from

t he XCELLERATE | TablpsoteAserage{Nhes) effisicheponSpD3arasell evigheent CDXLELLERATE
| ' TM process gengioabéyte dedfetiond AulotyrRL degdl&tfn in1Re MRS $@a§bﬂr@tly

hi gher per donor t ke QERATETRARY (EE?_LE ft PPoceRs TE;‘béltibran 3 of
the XCELLERATE |1 TM process is actually nuc I gher than flor XCELLERATE

| TM This observation suggests that ate of
activation duflGelj Rragarati@EL L ERATE H 1‘%3{&?"" vcéélm' ??a‘?‘%g'a”?v?rptcﬁ’@m\g@ L ERRTE] | TV
process. It i$ 15 predicted that { h| §Dﬂ1av | rCBY af 6ramtl®msrro6@4£ﬁ[1‘?8§ct ive

product when |&woeimmigRBMEdpheresis vo. Cel Pyrity, Cal |4 £DB,
rati o, and cel progiuebi lity on Day {3 O gul uirse %/e a?%c(?zldet erém nec1§ DI
five patient $XGELEERATHE phenotype and viability of cells used subj¢cted
to the XCELLE Tt 62 WO-20037 3937 200

PCT/ US2002/ 028 t{’@fﬁ L A‘?B%@T A %rfcvss r%)nig \mgﬁm é{ﬁbbsll as
measured by F| o{F% g MogogyieT |, ypa#a b4 uel sgaigni ngO4TabI59 4 NDp.#.gPay 0

Day O Day O t s Cel | GD4: IcDRCDR+Cel | CDA Call_\iability
rati o sCell W ABELLERATEM | o |

Freeze-thawed PBMC

apheresis product 56 +5 112 04+05 24+0.8

Post- CD3" magnetic

concentration 92+22 12437 0=0 2.86=0.86

Cellular compositions were determined by flow cytometry according to standard protocols.

Table 5.2: Comparison of the efficiency of CD3* T-cell enrichment, CD14*
monocyte-depletion and granulocyte-depletion in the initial steps of the
XCELLERATE | and the XCELLERATE li process configurations

Experiment | Cell . Cellular Composition (%)
Number | Preparation CD3" [CD14 | Granulocy | CD4/C
(DDHO!') + tes D8*

incoming PBMC apheresis | 43% | 11% 14% 22
NDa104 | product _
(PC071) | XCELLERATE | '
Monocyte-depleted PBMC | 54% | 5% 12.5% 3.2
Freeze/thawed Monocyte- | 67% | 4% 0% 32
depleted PBMC
XCELLERATE Il
Freeze-thawed PBMC 64% | 7% 0% 3.1
apheresis product '
Post- CD3™ magnetic 110% | 1% 0% 37
concentration
NDal107 [ Incoming PBMC apheresis | 51% [ 16% " 1% 2.1
(PC074) | product
XCELLERATET
Monocyte-depleted PBMC | 64% | 5% 1% 2.3
Freeze/thawed Monocyte- | 69% | 3% 0% 23
depleted PBMC :
XCELLERATE Il _
Freeze-thawed PBMC 55% | 11% 0%. 2.0
apheresis product _
Post- CD3" magnstic 120% | 0% 0% 27
concentration ' : '
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Purity(9' a)PurityNO 103 70 XCELLERATE 921.9179821.3 | 103 XCELLERATE

85992.391952.4 |1 104 XCELLERATE | 67 95 3.2 84 78 2.7 104 :
110993. 793872. 9 XCELLERATE 11 107 69992.385822. 3 XCELLERATEI 0G703/2006

XCELLERATEWVOR0OSR49895022. 8 11 110 63992. 991822. 6

10

PCT/US2002/028161

Experiment | Cell . Cellular Composition (%)
Number } Preparation CD3" [CD14 | Granulocy | CDA/C
(Donor) + tes _ Dg*
NDa110 | Incoming 44% | 18% 15% 2.5
(PCOo76) [ XCELLERATE]I .

Monocyte-depleted PBMC | 63% | 3.5% 10% 2.9
Freeze/thawed Monocyte- | 63% | 7% 0% 29
depleted PBMC ,
XCELLERATE
Freeze-thawed PBMC 55% | 13% 0% 3.2
apheresis product
Post- CD3" magnetic 83% 1% | 0% 3.8
concentration
NDat113 | Incoming PBMC apheresis | 47% | 17% 6% 2.3
(PC060) roduct
XCELLERATE |
Monocyte-depleted PBMC | 61% 4% 3% 1.8
Freeze/thawed Monocyle- | 63% | 4% 1% 1.8
depleted PBMC
XCELLERATE I
Freeze-thawed PBMC 51% | 13% 1% 1.5
apheresis product :
Post- CD3" magnetic 76% 1% 0% 1.9
concentration
NDa115 [ Incoming PBMC apheresis | 59% | 17% 2% 1.7
(PC073) | product
XCELLERATE | -
Monocyte-depleted PEMC | 60% | 10% 2% 1.8
Freeze/thawed Monocyte- | 60% | 11% 1% 1.9
depleted PBMC
XCELLERATE I
Freeze-thawed PBMC 53% | 12% 1% 20
apheresis product
Post- CD3™ magnetic 2% | 9% 0% 22
concentration

Cellular compositions were determined by flow cytomelry according to standard protocols.

In addition to the simplification and streamlining of the process by
elimination of the CD14* monocyte-depietion step and the associated reagents,
the magnetic concentration step in the XCELLERATE {I™ process also
provides a higher purity of CD3* T-cells and a higher ratio of CD3* CD4* : CD3*
CD8' T-cells at the initiation of T-cell activation (Table 5.1 and Table 5.2).

Yield, Purity, Viability and Composition of Activated CD3* T-cells
Pre-harvest on Day 8 of the XCELLERATE I™ process and the XCELLERATE
™ process were also compared.

As shown in Table 5. 3, the average vield, purity and viability of the
CD3* T-cells prior to harvest on day 8 are typically improved for the

| XCELLERATE II™ compared to the XCELLERATE I™ process.
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XCELLERATE | 110 XCELLERATE 83993.993924.5 It 115 60991. 992912. 7

XCELLERATElI 115 XCELLERATE 72992.296942.8 Il * = Purity of CD3* T-cells on
day 0 after nonocyte-depletion in the XCELLERATE | process or @f3t/@3/2006

magneti ¢ cBRZBWREBPon in the XCELLERATE || process ' = watiszeeioéiofd* CD8*
T-cells on day O after nonocyte-depletion in the XCELLERATE | process or
after magnetic concentration in the XCELLERATE It process 63 WO 2003/ 024989
03/03/2006 PCT/ US2002/ 028161 EXAMPLE 11 EFFI CI ENCY OF CD3+ T- CELL

ENRI CHVENT,  NONEESEE- YL, BUHE viabity SRAbLED6YTEn laEBbﬁHt@b@quf-céEF%?nt ggy,

upon recei pt atharbest $oytay FbetHaXCELLERATE é}-RPi f
PBMC apheresi s product was washed, spl 'E];m%gya%?ssl or t e%%%%ﬂ% I

process, a nonqcyte-depletion step waS carried out and the CD14+
nmonocyt e- depl el &ExperiBNB! \ver XCELLERATE S ¢ PrefamBst COBTEEEI PlodUtt FiGpaRies phase of
he £ = ,Ls_oﬁje
RA{EY

a LN2 freezer (adumberd|in 1@rdeesspl e My—~5—t \Pdm' of _sef

XCELLERATE | pl odRawy) t he Chibfiguratiomnogy E:?%ple QU] Vel A vadl jand t he
NABE vh 3/ dPne redtae{ail ed

helS ok he avernge efficiency

XCELLERATE progess initiated with DY
in Exanple 1. [Thgp ETHy qN5:) € ONROSHi4

of CD3* T-cell @@%%hrramx )&’ﬁ%ﬁn C t’fai%leal eﬁson and®’ 1.2
granul ocyt e- delpl eti orl f prX¢RELBRATESI 15 5@ont’s| i n 9hesk 197 tijal REEps i s
shown in Tablg 5.1 and the data for €ach indrvitual_—tdonmor—is—showsy in

Table 5.2. 2. |[FowDaiog X FATE] P] B75SR° | e g BMIamigerost 53
(PCO74) ™ XCELLERATEN | 52 %707 98 98 15
NDa110 XCELLERATE! | 41x10° 96 96 1.6
(PCO76) |~ XCELLERATEN | 41 x10° 29 99 5.4
I\Fl)Da1 13 XCELLERATEI | 41 x10° 96 96 13
(PCOBO) ™ XCELLERATEN | 43 % 10° 98 98 2.0
NDa115 | XCELLERATE! [ 31x10° 96 9% | 13
(PCO73) " XCELLERATET | 48 % 16° 97 97 14

Average XCELLERATE | 47 = 14 962 97x1 ({12203

Lt Std Dev XCELLERATE }I 45+ 6 98 + 1 88+1 [1.8+04
. *= Ratio of CD3* CD4* ; CD3' CD8" T-cells.

Also, as shown in Table 5.3, the XCELLERATE ™ process
maintains a higher ratio of CD3* CD4*: CD3'CD8* T-cells throughout the
process. This may be due to preferential concentration of CD3* CD4" cells
du_ring the magnetic concentration step (Tables 5.1 and 5.2). '

10 “Incoming” refers to fresh, washed incoming apheresis cells. The
starting celis listed in Table 5.2 for the XCELLERATE |™ process were
apheresed cells that had been washed, monocyte depleted, and/or
frozenfthawed. The starting celis listed in Table 5.2 for the XCELLERATE ji™
process were apheresis cells that had been washed and frozen/thawed.

15 * = Ratio of CD3* CD4* : CD3* CD8* T-cells

| , Table 5.3 shows that the XCELLERATE II™ process resulted in a
~ cell product that was more pure (in terms of %CD3" celis) than the cell product
from the XCELLERATE I™ process. That is, the product ceils from the
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product cells cryopreserved and stored in the vapor phase of a LN2 freezer.
On the day of set-up of the XCELLERATE Ii process, the cryopreserved PBMC
20 apheresis product cells were thawed and the CD3+ T-cells nagf&/i@ay2wo6
concent r atwo 2aesdh2u98¢ XCELLERATE || process initiated w thchDebaBEsREsIM 450
CD3/CD28 T as detailed in Exanple 1. The average cellular conposition and
the average efficiency of CD3+ T-cell enrichnent, CDl4+ nonocyte- depletion
and granul ocyte-depletion for the N =5 donors in these initial steps is 25

h Tabl t Tabl
Shoun |1 T2bleoe ERRTE e ok ko SASHeraS [ HRlo RI5S: i ARV bl ©
freezel t hawi rgl %rwhiltheenatis drane the XCEARRATEAD! pmeess badram@arage purity
concentrati opfeBosLPe, T -cells direct from t he t hawed PBMC apheresis

product in 30 the XCEL RATE I oce on at | r | ts.in efficient
elimnation of CD14+ b @H S'Séﬁq’l&? é‘ gge %'ﬁ@xlkandﬂ PROFRSSS, 2) .
The ef fi ciSeneyainfaingd@ htyhemat@tof@DthCDéheeﬂaDl‘ﬂhe fm:bﬂﬁryg esilsgt &haverage

SL 0L SCHLS iyt AFIREBE BBl oo PR Xl

separat e depp&qa‘-}ﬁ badpauCD4{CPBRera® aufdilt8, ondile " thec paodictt EAMNABBADI high 450

5063?822583”%ﬁ%ﬁ%‘e@“‘“@*ﬁﬁ%ﬁé‘? pRRACTE Eﬁ*g‘é’@e Aver !&if ;; )y

ef ficiency of CD3+T-cefhe éata intafle &B alse shawndha
gr anul ocype- grrkss iresulted trhﬁrddyci s %&iﬁp%nOév hl?R@fTEB% %ﬂ?ttp
XCELLERATE | CEL?_ Igfrg guratlon g Ave age
Conp sition ES‘E‘ZF RIRCeeRIasHIe @ﬁml&! %@ﬂﬁv@b@venaaedmmgym\/c
apheresis promhct49 f 616 38:t 72.2:t 0.3
EXAMPLE il
MONOCYTE DEPLETION

15
Monocytes (CD14* phagocytic cells) are removed from T-cell
preparations via magnetic depletion using a variety of “irelevant” (i.e., non-
antibody coated or non-target antibody coated) Dynal beads. Depletion was
performed by pre-incubating either whole blood after separation in ficol or
20 apheresed peripheral blood with Dynal Sheep anti-mouse M-450 beads, or
Dynal human serum afbumin-coated beads (M-450), or with Dynal Epoxy (M-
450) beads at roughly a 2:1 bead to ceil ratio. The cells and beads were
incubated for periods of 1-2 hours at 22-37 degrees C, followed by magnetic
removal of cells that had attached 1o beads or that had engulfed beads. The
25 remaining cells were placed into culture alongside un-manipulated cells. Cells
were character!zed by flow cytometry for cell phenotype before and after
depletion.

EXAMPLE 1V
| FLOW CYTOMETRY SETTINGS
30 ' o
A Becton Dickinson FACSCALIBUR cytometer was used for all
the data collected and presented. Any flow cytometer capable of performing 3-
color analysis could be used by an experienced operator to acquire identical
data. For example, a FACSCAN, Vantage Cell Sorer, or other BD product'
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XCELLERATE | Mnocyte-depleted PBMC51 65.5 3 5.7.t 52.4.t 0.6
Freeze/ t hawed Monocyte- del eted PBMO64.t 46t3 0.4 0.52.4 * 0.6 XCELLPRATE
Il Freeze-thawed PBMC a heresis product56:t 511 *20.4 0.52.4 03352006
CD3+ magneWOR0¥REMWAt rati on92 * 222.4 + 3.70 * 02.86 0.86I/6S208d/028i6ar
conpositions were determned by flow cytonetry according to standard

Tabl e 5.2: Conparison of the efficiency of CD3+T-cell

rot ocol s.

gnri chrment, CD14+ nonocyte-depletion and granul ocyte-depletion in the

::?)ImE : aLr; | onaroul Wuid gﬁrﬁegac b@%-gﬁ%r o %J%E%ﬁgq% %&ﬁﬁea%s%ﬁeﬁa'r”&?. on
CD3 Dg4 Ganulsﬁmgmfﬂolé tovsk pswells D8* NDal04i ncomi ng PBMC apheresis 43%
11% 1492, 2 pr oduct (PCOTRNFSEAT Soti W%n bl e pRENERISE S0 R 2
Freeze thawed &%%%1% 67% 4‘@%& h S th
Freeze-t hawed9 OF JRRRIme %‘r%tﬂ@ﬁ gsodata apavasagdaeeiin these

110%49098. B cetudézs. r BhésmseitibgslWérd mﬁmghé’%nﬁ%@pmw%dﬁ%ﬁ%o%vér
(PCO74) pr oduChyogifications to these settings can and should be made by an experienced
instrument handler to adjust appropriately for compensation and detector
voltages.  Also, the use of different detection antibodies with different
fluorescent tags requires unique adjustment to any particuiar instrument to give
10 optimal signal separation (voitage) with minimal “bleeding-over’ into other
channels (e.g., compensation). A skilled flow operator, well-versed in using
compensation controls, isotype controls, and with a general understanding of T-
cell biology should be able to reproduce any of the data presented below.
Further it should be noted that various settings, particularly
15 voltage settings, may vary, depending upon the efficiency of the instrument
laser. For example, older lasers may require more voltage to generate a signal
comparable to a newer laser. However, the data obtained, whether with more
or less voltage, should reflect similar patterns in biology.

20 Settings used on the FACSCALIBUR™ (Becton Dickinson):
Detector/Amps:
Parameter __Detector Voltage Amp/Gain __Mode
P1 FSC EOQO 1.30 Lin
25 P2 SSC 370 1.00 Lin
P3 FL1 610 1.00 Log
P4 FiL2 550 1.00 Log
P5 FL3 520 1.00 - Log
- 30 Although the parameter voltages are generally constant, P3, P4,

“and P5 may be adjusted slightly up or down in order to achieve maximum
signal separation, while maintaining a negative control signal value in or near
the first decade (0-10) in signal strength in the log mode.
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XCELLER E | Monoc a-de | eted PBMC64%%1%2. 3 Freez thawed Monocyte-
6998%0%2. 3 depl eted PBMC XCELLERATE Il Freeze-thawed PBMC 55%41%% 2. 0 a
heresi s product Post- CD3 nmagnetic 1209%0%%2. 7 concentration 6508¥®3/ 2006

WO 2003/ 02%0 8@3pEms®)S2002/ 028161 Experiment Cel |l Cel | ul arclosaosezBian (%)
Nunber Prepar ati on (Donor) CD3CD14 Granul ocy CD4/C + tes D8*

NDal110l ncom ng449%48%15% 2. 5 (PCO76) XCELLERATEI Monocyt e-depl et ed

PBMC6398. 5940%2. 9 Freeze/ t hawed Monocyte- 63%%%2.9 de | eted PBMC
XCELLERATE | ITHresisa1@- t hawed PBMC 55% 13% 09%3. 2 apheresis product Post- CD3
magnetic 83% 1% 0% 3. 8 concentration Nbal f 3 Incom ng PBMC apheresi s47%

170/ 61 6% 2. PripayqmrametrrudtSC (forward scatter)
Value: 52

5 Secondary parameter: none

Compensation:
FL1—-4.0% FiL.2

FL2 — 21.4% FL1
FL2 - 2.6% FL3
10 FL3-15.2% FL2

White the settings provided approximate the settings used to
collect most of the data presented below, the settings may be altered and
roughly equivalent data on stimulated T-cells should be generated. The

15" general acceptable ranges for compensation at the voltages listed above are as

shown beiow:

FL1-FL2 0.4-4%

FL2-FL1 18-27%
20 FlL2-FL3 2-8%

FL3-FL2 10-16%

- The determination of the particular compensation or vo!tage
values has to be made by an experienced flow cytometer operator with the

25 following goals: o
1) Voltage:  Maximization of signal separation between

positive and negative signals (e.g., surface antigen marker negative vs. low
levels surface antigen vs. high levels surface antigen).
2) Compensation: Minimization of interchannel interference
30 (bleed-over) by use of compensatlon controls.

As voltage settings change, SO do compensation settings.
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XCELLERATEI Monoc a-de eted PBMC619%49%3%l. 8 Freeze/thawed Monocyte-
63%494%. 8 de | eted PBMC XCELLERATE || Freeze-thawed PBMC 519%43%19%. 5"
apheresi s product Post- CD3 magnetic 76%4%%l.9 concentration BB%/2006
| ncom ng PEBMN20e3s88si s5994.79%R2% 1.7 (PC073) product XCELpcEibhBodiozsis1

Monocyt e- depl et ed PBMC 60% 109%2%. 8 Freeze/t hawed Monocyte- 60% 11% 194. 9

pl et ed PBMC XCELLERATE It Freeze-thawed PBMC 53%42%1% 2.0 a heresi s product
CD3 magnetic 7299% % 2.2 concentration Cellular conpositions were
determ ned by | ow cytonmetry according rd protocols. In addition to
the sinplification and streamnlining of ocess by elimnation of the
CD 14+ nonocyt e-depl eti on stEp- BROLIFERATAGN a8 MiABilveksganss, 5 the nagnetic

concentration step in the XCELLERATE |1 TM process al so provides a higher
ratio of CD3} CD4+ . CD3+ CD8+ T-cells

purity of CD3+ T-cells @nﬁi a Hi her 00
gl iprolferalign;and virhivewss measyrathbyestandgrd Mypao,

at the initiation of T-
Purity, Vi &bi BiueystamihgGamposil tdimingfu b\t ster - S8 Fqu hag vest on
Day 8 of the XCELLERATE | TM procegg gr??the XCELLERATE 10 Ir%/ISét%%ess
were al so conpared. As shown in Table 5.3, the average yield, purity and
viability of the CD3+ T-cells prior EXAMPMEWl on day 8 are typically

i mproved for the XCELLERATE || TMQW%%H%BR%@SA@%CELLERATE | rm process.

Post -

CD154 is expressed on activated T-cells in a temporal manner
10 and has been shown to be a key element in T-cells interactions via CD40 on
APCs. Bilocking the interaction of these two receptors can effectively alter, and
even shut-off, an immune response. Aliquots of T-cells that were stimulated by
concentration with 3x28 paramagnetic beads were removed from cell culture at
days 3, 5, and 8 and analyzed for the level of CD154 expression. The leve! of
15 CD154 expression was compared with T-cells that were depleted of monocytes
but were not incubated with 3x28 paramagnetic beads (that is, the T-cells were
not magnetically concentrated at culture initiation). Significant activation of the
T-cells stimulated by magnetic concentration with anti-CD3 and anti-CD28
beads was shown by a three-fold increase in the level of CD154 expression on
20 the third day of culture compared with cells that were not similarly stimulated at
culture initiation. (See Figures 4 and 7). CD25 levels measured in a similar
manner (Figure 6) show a trend toward higher activation.
In general, marker expression was monitored over various times.
In this regard cells are labeled with anti-human CD4 (Immunotech, Fullerton,
.25 CA), FITC coupled anti-human CD11a (Pharmingen), FITC coupled anti-human
CDb26 (Pharmingen), FITC coupled anti-human CD49d (Coulter), FITC coupled -
anti-human CD54 (Pharmingen and Becton Dickinson), FITC coupled anti-
human CD95 (Pharmingen), FITC coupled anti-human CD134 (Pharmingen),
- . FITC coupled anti-human CD25 Ab (Becton Dickinson, Fullerton, CA), FITC
30 coupled anti-human CD69 Ab {Becton Dickinson}, FITC or PE coupled anti-
human CD154 Ab (Becton Dickinson), or FITC or PE coupled IgG1 isotype
controf Ab. Cells, 2x10° are labeled for 20 minutes at 4°C with 2 ul of each
~antibody in a final volume of 30 W, washed and resuspended in 1%
parformaldehyde (Sigma, St. Louis, MO).
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66 WO. 2003/024989 5 03/03/2006 PCT/US2002/028161 Table 5.3: Yield,
viability and conposition of activated CD3+ T-cells pre- harvest on

urity, :
gay syof t he XCELLERATE | process and the XCELLERATE || process 0B/i@3/ 26
XCELLERATEWAQA#BH¥24PP0cess (Donor) Configurati on NDalO4 XeEruktedieadsid1iPCO71)
XCELLERATE || NDalO7 XCELLERATEl (PC074) XCELLERATE || NDallO XCELLERATEI
(PC076) XCELLERATE |1 NDal113 XCELLERATE | (PC060) roLtERiil NDall5
XCELLERATEI (PC073) XCELLERATE || Averagej XCELLERATE | } Std DevJ

égf'i'éERATE I Pre-harvesg, (h8%sdn OF delP 5O kB hissuE &%%ssigﬁ Evers

may be carried out by a variety of methods and thus absolute values may differ.

However, when comparing two values the relative fold values may be readily

calculated. For example, CD154 expression levels on T-cells generated by

5 different “activation” methods can be measured with relative accuracy by flow

cytometric means. Using a reagent, such as Becton Dickinson’s anti-CD154 —

PE conjugate (cataiogue # 340477), one can stain T-cells in resting or activated

states and gauge expression levels for this marker (or others by means well

known to experienced flow cytometer operators). Described herein are

10 methods which provide for increased expression of CD154 on T-cells, both

CD4* and CD8". By simultaneously stimulating and concentrating T-cells at the

initiation of cutture,_as described herein, expression levels can be driven up

beyond values obtained by standard 3x28 activation, on the order of a 20% to

- over a 100% increase in levels, as measured by mean fluorescent intensity

15 (MFI) using flow cytometry (BD FACSCalibur and antibody described above).

For example, an unstimulated CD4* T-cell would be negative for CD154 and

. would therefore yield MFI values between 1-10. Upon activation by

XCELLERATE I™, at 3 days post-activation, MFI values for CD154 on CD4* T-

cells might be in the 20-40 range, while the XCELLERATE ™ process might

20 yield CD154 MFI values of 60-200. While these are not absolute values in

terms of the number of CD154 molecules expressed on T-cells, there are

sufficient to determine relative levels of increased expression. Accordingly, it

can be demonstrated that an approximate 1.1 to 20 fold increase in CD154

. levels between 1-4 days, post-activation can be demonstrated with the
25 XCELLERATE II™ process as compared to the XCELLERATE I™ process.

EXAMPLE VI
CYTOKINE ASSAYS

Cells are prepared as described above. Supernatants from cells
30 stimulated for various times are subjected to an IL-2, IL-4, INF-gamma or TNF-
a ELISA according to the manufacturer's instructions (Biosource International,

Sunnyvale, CA).
In an alternative assay, IL-2 is measured by intracellufar staining

of CD4 T-celis using flow cytometry. For intracellular labeling of IL-2 or IFN-y,
35 cells are first incubated with 1 uml Monensin (Calbiochem) for 4 hours prior to
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10 52x 10 41 X 31 x 10 48 x 10? 4714 Purity Viability CD4/ CD CD3+
‘?‘-7)((0/(;) 8 Ratio?* cellsy%95 97 1.2 97 97 1.7 98 98 0.8 98 98 1.5 96961.6
99992.4 96 961.3 98 982.0 9696 1.3 9797 1.4 96}2 971 1.2 0.3 93/(322006
1.8 0.4 4B1R2003/@4984ti 0 of CD3' CD4'. COT GDS T-cells. Acpws208s08hawn in
Tabl e 5.3, the XCELLERATE |1 TM process mai ntains a higher ratio of CD3+
CD4+: CD3+CD8+ T-cells throughout the process. This may be due to
preferential concentration of CD3+ CD4} cells during the magnetic

f
washed | noont oAb *;‘g;eﬁécaifjs@%%ﬂée@t ekl el GRS B i »
for the XCELL fixed ppd pegvsahilized uapgcﬁe@ﬁyummsomnmwuam btainingvkithed,
monocyt e depl labeidd vathPEIcoubleeraiti-htveaRdL-2ThE aﬁqul“Eer esuﬁb%o‘ acf]tl4 Hlﬁ{x%‘? Ii-lﬂad
1201l LS ) e s gy o et

been washed ah
T-cel | s Tabl eadwisitisimoand tfloat cyﬂmmé[ﬁEldrﬁ%Elé g)érf&%étﬂ Pea BecksiH Didshd

+ th t he cel
(r;reloldug'[ Odll‘J ?E)mA?S Q@E@I@%pl@%r%%cew&h&e qauest; ﬁg‘l)%l"%[ cﬁﬂ‘é‘@{ﬁgs feom
the 67 manufacturer’s protocol (Becton Dickinson).
' IFN-gamma concentrations were about 2, 3, 4, and in some cases
5 fold higher at day 3 when using the XCELLERATE H™ methodology as
10 opposed to XCELLERATE I™ (data-not shown). Further, TNF-alpha levels
were also markedly higher (between 1.5 to 3 fold higher) up to day 5 following

stimulation (data not shown) as compared with XCELLERATE ™.

EXAMPLE VilI

PHENOTYPICAL CELL ANALYSIS AFTER RESTIMULATION

15 | ‘
For restimulation analysis about 5x10° cells are taken from the

culture at the day of termination. In several examples, the date of termination is
day 8 of culture. The celis are placed into 5 mL of X-vivo 15 media with serum
and with or without IL-2 as indicated above, in one well of a six well plate.
20 About 5x10° Dynabeads M-450 CD3/CD28 T beads to the weli containing the
cells and the cells and beads are placed in a 37°C, 5% CO. incubator. After
two days, the samples are removed and tested for viability and analyzed by
FACS to determine cell size, and cell marker andfor cytokine expression levels,
such as CD25 expression levels, CD154 expression levels. Table 6
- 25 demonstrates these results ‘below for five -patient samples sub;ect to the

XCELLERATE I™ and the XCELLERATE iI™ process.

Table 6: Results of the Re-stimulation Assay for XCELLERATED T-cells
Produced
- Using the XCELLERATE I™ and the XCELLERATE II™ Processes

| Experiment Cell Size
Number Process (FSC) CD25 (MFI) CD154 (MFI)
(Donor) Configuration T-= T= | 1=
T=0l4gnr| T=9 | agnr | T=0 sgpr

NDa104 XCELLERATE| [393| 607 | 104 | 478 | © 37
(PCO71)  "XCELLERATEN |404 | 659 | 115 | 544 | 2 70

73



WD 2003/ 024989 03/ 03/ 2006 PCTI US2002/028: 161 XCELLERATE |1 TM process had

an average (-

std dev) CD3'

rati o of CD4/CD8 cell s.

CD4/CD8 ratio of 1.8, while the product cells fromthe

cel |

purity of 96%
t he XCELLERATE | TM process had an average purity
shown i n Twbl2@03m2Ms9t he XCELLERATE |1 TM process

}
of 93%

The incom ng cells had an average
ratio of 2.2 and the product cells fromthe XCELLERATE |1 TM process had a

2%

CD4/ CD8 ce

1% while the cells from
_ _ A|033§)603$2006
5 mai nt pé-PBShod2/hYsEIET

XCELLERATE | TM

process had a ',x,,h@tr TToof 172 Teghpgigde Of Tabt e 5. 3 pf sU stows— hat
t he XCELLERAT ﬁ proch esul okfg@)pr hd 825 MAls MQU‘?5&I{M§Ue age
viability of 8‘V ,l ﬁ&ﬁAT rogess rgsutettimprodt
cells with an|averag % % abl?l 7!%05 | ET EIQ ﬁ%{ONFEO[ é‘;lr:rT ON 15
anocyt es (CD e l’\hﬂﬂf\f‘ylf (n }‘: IJ <) C 3r emmvedd from-J-cel —pr-egatati-pns
via magnetic gi%l# n us’ ﬁ?@g tiy Qﬁ 595 o] Rant]" *P? . p. .8 nd n-1275n I body
coated or non anft |Xféﬂ#-ﬁ9d’éfﬁdﬂ) h160Bepd$h2 Depl7ati p bn10vas 102 { or med
by pre-incubajing elther whol e blood afte' Separation in fircol or 20
apher esed *er oo H—Shephantt=ipuge M40 begds——o
Dypnal hurraﬁ ser th_%u @%‘ﬁhﬁﬁa q% ) J):!fwitﬁdl%y ml 03%9 (
450) beads at EE&% XCEWSERATE] J390 y 48P0] e defds andﬁbea@@ wer e
i ncubat ed for| periods of 1-2 hours at 22-37 degrees C, followed by netic
renmoval of ceTRPLHTS ’a@f@gm_ DEe tT 45 @ s e The
25 remai ni ng [ce re—plasced Lntg gulty cells.
Cells were cha& acteri eXCH-[-:B&RFE'yt cf‘ﬂétr@?q and
after depletfion. EXAMPLE |V FLOW CYTOVETRY SETTI NGS 30 A Becton Di ckfi nson
FACSCALI BUR GYTRDETT JAXGEIEERATE 121433 6149 21651 [ S84~ yy! pragen ed.
Any flow cyt gne pab gH-ag 13— gHos—anra ysi-s—eap-#-he—+sed by
an experiencq m;’g?n i1 ['%‘ﬂ 40810869 a8l Fotod an‘?:g} el #8£Acscan,
Vantage Cel | {Sorter, or other BD product 68 WD 2003/ 024989 '
Average XCELLERATE! | 407 | 570 89 514 9 48
+ Std Dev ' + | =581 +24 + +3 | =43
(n=35) . 21 |- 163
XCELLERATE Il | 399 | 583 94 577 14 79
* + 84 + 22 x =4 =48
13 189
EXAMPLE IX
ALTERNATIVE CELL COLLECTION AND CULTURE PROTOCOLS
_ XCELLERATE™
-5

10 -

15

‘supplemented with 10%

Cells isolated from human blood are grown in X-vivo media
(Biowhittaker Inc., Walkersville, MD) and depending on use supplemented. with
or without 20 U/ml -2 (Boeh_ringer Mannheim, Indianapolis, IN) and

-supplemented with 5% human serum (Biowhittaker), 2 mM Glutamine {Life

Technologies, Rockville, MD} and 20 mM HEPES (Life Technology). Jurkat E6- -

1 cells (ATCC, Manassas, VA) are grown in RPMI 1640 (Life Technologies)
% FBS (Biowhittaker)) 2 mM glutamine (Life
Technologies), 2 mM Penicillin (Life Technologies), and 2 mM Streptomycin
(Life Technologies). |

Buffy coats from healthy human volunteer donors are obtained

{American Red Cross, Portland, OR).
using Lymphocyte Separation

(PBMC)

are obtained
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03/ 03/ 2006 PCT/US2002/ 028161 would work to collect simlar data. Al so,
Coul ter products, such as the Coulter Epic Sorter would work as well. The

instrumenth)et %3! ng gi ven bel ow can be used as a general guidel 03/03r2006
i nst rument "OotP BRI on to gat her data as was done in t heGHUSHIBIAHIES.

These settings were used for the Exanpl es provided herein; however,
nodi fications to these settings can and should be nade by an experi enced
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dat a obt ai nedveadsearitbthen ddplenigethese delis Dy Ald gg& ?!E%%aﬁﬁﬁl Sebrafidtd 27

tt e t. th f q
R T s e i e ey
P1FSCECOL! Bolfractionsmp $wobatian o4t i OPRFIHIE P m&wmfﬁm%oéégl?@h&gcos
CEFL30201, O0lefndCfh 11o6D0  BanBFRY=E B A AR SR T TaE ™

P3, P4, and Pﬁ y ) ust'e

maxi mum si git& S/Efﬁp%ﬁ Bt 8h4°GhiAfier veishing, melly are regiadi with SREEH ahti-MELRR
val ue- in or igesnplet | 8l S11QY i i rength.i n the | og
mode. 69 WO %%8 /:é(g ggygﬁd%e?ggﬂglgd%"%’h?} 9?%%@3%@?%9 Thipggf ¢rGH aapthen
scatter) VafPgaet IC8¥B "aa)elacalesenaratione Thenpemitataf 0BD4* cells are

15 routinely 91-95% as measured by Flow cytometry.

Dendritic ceils are generated by first adhering PBMC to a culture
flask (Costar), 10° cells/ml, 2h at 37°C (without Dynabeads). After extensive
washing, adherent cells are cultured for 7 days in media containing 500 U/ml
GM-CSF (Boehringer Mannheim} and 12.5 U/ml IL-4 (Boehringer Mannheim).

20 The resulting cell population is weakly adherent and expresses surface markers
characteristic of dendritic cells (e.g., expresses HLA-DR, CD86, CD83, CD11¢c
and lacks expression of CD4). (All antibodies obtained from Becton Dickinson,
San Jose, CA). ‘

- Other techniques can utilize human peripheral blood lymphocytes

25  containing T-celis that are incubated in tissue culture plates andfor tissue
culture flasks (Baxter bags), or other common culture vessels in media, which

could be composed of RPMI, X-Vivo 15, or some other T-cell culture media.
Although not required for the activation and growth of T-cells, glutamine and
HEPES are added to the culture media. Fetal bovine serum (10% final), human

30 A/B serum (5%), or autologous human serum (6%) is added to culture media.
The percentage of serum may vary without greatly affecting T-cell biology or
culture outcome. In some instances, recombinant human IL-2 is added to
cultures. In some instances, phagocytic CD14* cells and other phagocytic cells

: are remove by magnetic depletion as described, infra. Beads having co-
: 35 immobilized upon their surface anti-CD3 and anti-CD28 (3x28 beads) are
-added at a 3:1 bead:cell ratio. In some instances, 3x28 beads are added at a
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FL1 -4.0% FL2 FL2 - 21.4%FLi Flt - 2.6%FL3 10 FL3 -15.2% FL2 03/ 03/ 2006
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to collect nost of the data presented bel ow, the settings my s/ Béeode6

and roughwy wepinesbent data on stinulated T-cells shoul gcbesaeneisagied, The
15, general acceptable ranges for conpensation at the voltages |isted above
are as shown bel ow. FL1-FL20.4-4% FL2-FL118-27% 20FL2- FL32-8%

FL3- FL210- 16% The determ nati on of the part i cul ar conpensation or voltage
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Conpensat i on ey channp I nterference . over)

et CoseubB FrEROLET ovey 2 Th b iTod e deserming ool Renib (ced nwgiber)
E ?(KE/S ESE a{/ 5&2 celégizengad cel Mﬁa@@%ﬁ%ﬂ@a@a@%&@%@%ﬁﬁalfw (:Mbﬁ%@ﬁl??ﬁaﬁ&él
erati on and
b [ty e anaieh G alaett suidabhl 2 a5a cafled 15na ifires
counting usi tcgdaterramcqwm éecrefion profijes cinclidingB buEn@iNphitedfo:  IACT)| ILAfT1 ON
MARKER ASSAY, 1 |
ﬁ"@ TINE3, SHBEREDAEICRIR oW A didi cuut ﬁ&@%ﬁéﬂbﬁé‘é‘?””er

10 and has rh \;&Dt o
on APCs. Bl o B nifegedisfmlo nWhert Hecadl densntryee)@geds Joughly ef.5xta%mk| y
alter, ang tﬂ)l&rrle§ At spstit bnd 4é’d Wﬁ’ﬁLfFESH %Bi%ﬂ?@as H%tc,sellct%en crjtg‘?rln b b2t
wer e StInU| concentr t1on YA ara hetic bea were renoved
from cel | af ﬁﬁ}@lg[ range. rough 2 hours to about 14 days following initial
stimutation, when activated T-cells are shown to be entering a more quiescent
phase (e.g., CD25 levels diminishing, cell size as determined by forward scatter
is diminishing, rate of cell division may be reduced), cells are either infused into

15 the subject or re-stimulated with one of the following stimuli:

1) No stimulus
2) Phytohemaggiutinin (PHA) 2 ug/mi
: 3) (3x28 beads} at a 1:1 bead/cel! ratio
20
Cells are again analyzed over time for cell phenotypé and activation/functional
state. Supernatants are again collected for s'ecreted cytokine analysis.

Cells were stimulated by three different methodologies 1) Dynabeads (M-450)
covalently coupled to anti-CD3 (OKT-3) and anti-CD28 (9.3) antibodies (3x28

25 beads) according to the manufacturer’s instructions (Dynal), 3 beads/cell, 2)
lonomycin (Caibiochem, La Jolia, CA).(100 ng/ml) and phorbol 12-myristate-13-
acetate (PMA) (Calbiochem) (10 ng/ml), 3) allogeneic dendritic cells (25,000
dendritic ceils/200,000 CD4 cells). All cells are stimulated at a concentration of

~ 10° celi/ml. Proliferation assays are conducted in quadrupficate in 96 well flat-
'30 --:bottom plates. Cells are stimulated at 108 celis/ml in a final volume of 200 pl.
Proliferation is measured by MTT assay (MTT assay kit, Chemicon International

inc., Temecula, CA) at day 3 (stimulation method 1 and 2) or at day 6
(stimulation method 3), and resulis are presented as mean value of

_ ‘quadruplicates. PBL cultures or purified CD4* cell cultures are stimulated with

35 3x28 beads, ionomycin/PMA, or allogeneic dendritic cells. . '
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days 3, 5, and 8 and anal yzed for the | evel of CD154 expression. The |evel
of 15 CD154 expression was conpared with T-cells that were depl eted of
nonocytes _hut were not incubated with 3x28 paramagnetic beads QtYA33Y2006
the T -cel MORRYB49886t nmagnetical |y concentrated at cul tREBUS00A4028161 0n) .
Significant activation of the T-cells stinulated by nmagnetic concentration
with anti-CD3 and anti-CD28 beads was shown by a three-fold increase in
the |l evel of CD 154 expression on 20 the third day of culture conpared with
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Ab (Becton Dickinson), or FITC or PE coupled I1gGlL isotype control Ab.

Cells, 2x105 are |l abeled for 20 mnutes at 4Cwith 2 | of each antibody in
a final volunme of 30 I, washed and rEXAMRIEIX] in 1% parfornmal dehyde

(Sigma, $. Louis, M. 0Q6 PCT/ US20021028161
Conpari son of cell surfa@eemmar ﬁer%@ﬁ'@ﬁégg%éaﬁﬂﬁTMI s may be

carried out by a variety of nethods and thus absolute values may differ.

However, when conpari Mprooytesa(0Bd4t I‘margeb?(gd \cellé)olage W@H&ﬁ@d”ﬁﬁmb?—éﬁﬁdi ly

cal cul at ed.(PF exanpl e, CD154 expression |levels on T-cells generated by 5

different " égéﬁfﬁf'?'é?""%ﬂiar%'&gc lgfion, Baledr a vasietn of dirglevastalieur nary- by

fl ow cytoneitibed ' n.Digkinson's anti-CD
154 - PE conj u at%ﬁ?ggfaﬁ’%gg%@%%g@%,’y §ﬁ%ﬁg2§>@?§}b§aq§b§$$@e I &St i ng

gr acti vi efﬂ’e Qtraedsbxarmeqmmaﬁegpf;m?ifaowhbievelo@dﬁ cxsr-hbhéreged)s kﬁéri;{}-@’raﬁt gers
y means we Q, £xperien ow cytometer operators). Describe
herein are P!? 0#5?’%2'8{’%5%%%%3% qeYrratincef-Rynal Sheer antignouse dbYSO on T
-cell's, bot bea)Xor BYAaIGhGMH \ i | ] ;

concentrati Eg T-cel | g at thgn %ﬁq%?&éﬁ@fg}?%ﬁﬁ%ﬁl ?ééd@th@gi%ﬁf%g@mlei n,

show

ure,

expressi on FEO¥ McAhd) beads farcperigss ofel-ariburalat 22-3tiegreed A)oldwewayd 3x28
activation, 20% t o , oyer 100% i ncrease in levels, as
measur ed by"%@g%ﬁ? rﬁé&%@ ggﬁ?ﬁ% -Wﬁgm]qt{,aﬁ{ache% to%eads or enguifed beads. The
20 remaining cells were placed into culture alongside un-manipulated celis. Cells
were characterized by flow cytometry for cell phenotype before and after

depietion. Figure 9 demonstrates increased proliferation in the absence of
monocytes.

EXAMPLE XI
25 PRE-ACTIVATION AND POST-ACTIVATION KINETIC TIMECOURSE STUD_IES

B A series of experiments were perfon'ned in which human T-cells,
isolated either from whole blood or from apheresed peripheral blood, were

: cultured under a variety of conditions. Those conditions include:
30 '

1) No stimulation

2)  Stimulation with phytohemagglutinin (PHA) at 2 ug/ml.
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15 (MFI) using flow cytometry (BD FACSCal i bur and anti body descri bed
above). For exanple, an unstinulated CD4+ T-cell would be negative for
CD154 and would therefore yield MFI val ues between 1-10. Upon 8&/402YRO06
by XCELLERQPBOYRMS%at 3 days post-activation, M-I val uepctos200iidifsion CDA*
T- cells mght be in the 20-40 range, while the XCELLERATE || TM process

m ght 20 yield CD154 MFI val ues of 60-200. Wile these are not absolute
values in terns of the nunber of CD154 nol ecul es expressed on T-cells,

there are suBici snmmamoﬂmm ko8 Dy@n'aﬁbh&@ (bé@dsehﬁvuﬁb dnficC o8P anti- CEB
expression. Accordingly can be denpnstrated_that™an approxi mat

20 fold incr eQ@%d$ ﬁommet@d th%r@@)sat@el ety bead-tpay<cellgalio.- acti vati on can be
d trated wth d t
XCELLERATE. 1 TH] pr oS amulate Hrdt G Hink R BEa SR Lo ad ik flited s

descri bed aboresonthimantriaiman k-2 abtd il 6 ngenipt i rrul at ed for various tines
are subj ecéed to an | L-2 | NF- ganma or TNF a ELI SA according to the

manu:c act ur8r' 9 i nsthllire; Hhé'li? B‘P@%ﬂ?%é’fl RasosriesofaP 14" sihagpouice, Cea?) orin
chH
an alternati V@;rﬁ:’ié@?f’oﬂo\l\hﬁqgrérﬁo %?'a\fd?@m@‘:fl{)ﬁ{%cg ?gﬁatgl I%%r?é&&' cﬁprl' uogfuqsw\l_ V.

T-cells using flow cytone r Intrace
35 cel | s are d vagetlyi chhrime*eai'lﬂ/vﬂyhahea’ds MDepietion wagperfornedasfiisttatéd® s S

prior to 72 :#)%2’190[%3‘324989 03/ 03/ 2006 PCT/ US20021028161 assay. The cells
are subseque FANRE ned for surface proteins as descri bed above, fixed

and perneabilized using Becton Dickinson intracellular staining-Kkit,
| abel ed with PE-coupl ed anti-human IL-2 Ab and FI TC coupl ed anti-human | FN-

2 Ui STLi on anrtLow oyt o varigPodlp SRFAH MeNGYe e e | of cﬁ?fqioﬁ
el | bor EYforeh s eI Rel PRt HiBe (ansh act@tEn e oG, GRS, C

mgnuf a(2:t uger 'CED&Jr(BDM,OCD(‘IBeGﬂzm OD3g, W HALE'EMOBCDSHC@%E@ COw 3/;er e
about (0] er n usin
XCELLERATE ﬁ‘”ﬁ?ﬂ&% %@F@&@asgges 'Slésép%‘ggﬁﬂg‘?' a%(@@@[ﬁéﬁﬁegh Gverd %“ef not

shown) . Furt Regfilesrvia-flampepdometryl s were al so markedly hi gher (between 1.5 to

compar ed i . X0 | ERATEN Y EVARECHR | %Emﬁpﬁﬁa%ﬁﬂi S0 rer

RESTI MULATI cdPASRA, and CD45RO are used to determme T, B, and monocyte lineages
~ and subpopulations, while forward scatter, CD25, CD62L, CD54, CD137,
CD154 are used to determine activation state and functional properties of cells.
Human peripheral blood lymphocytes containing T-cells were
20 prepared as described in Example IX. Cells are analyzed over time for cell
phenotype and activationffunctional state. Supernatanis are collected for
secreted cytokine analysis. Figures 8 and 9 demonstrates general growth |
characteristics of human T-cells following activation with 3x28 beads +/-
~ recombinant human IL-2 at 10u/m! and +/- monocyte depletion . All celis were
25 ‘cultured in Baxter Lifecell Flasks (300ml). The one plot labeled “Scale up”
refers to a 300ml flask culture (No IL-2/Monocyte depleted) that was expanded
up to a Baxter Lifecell 3 liter flask. The graph demonstrates an approximate 2-4
log expansion of human T-cells under the various conditions.
Figure 10 shows the kinetic analysus of cell size as determined by
30 fowvard scatter flow cytometry profiles over time. T-cell are seen to increase in
size shortly after activation and subsequently decrease in size so that by day 14
they demonstrate smaller forward scatter profiles, indicating a more quiescent
state. .
Figure 11 shows IL-2 receptor (CD25) expression over time
35 following 3x28 bead stimulation. Both CD4* and CD8* T-cells show an early
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For restinul ation anal ysis about 5x106 cells are taken fromthe culture at
the day of termnation. In several exanples, the date of termnation is
day 8 of cwﬂt ure. The cells are placed into 5 nL of X-vivo 15 mddi/03/2006
serum and :f”ﬂ:"’?fr" 9% t hout 1L-2 as indicated above, in ORETABIN2GBIE si X
wel |l plate. 20 About 5x106 Dynabeads M 450 CD3/CD28 T beads to the well
containing the <cells and the cells and beads are placed in a 37C, 5% CQ2

i ncubator. After two days, the sanples are renoved and tested for

viability and inerehye énl rbyeptbr\Evel.0 Byéto%wmecmlsl eﬁ;brégs:oﬁﬂévéﬁ'ére eé@% 4

and/ or cyt oki Lon_ lLev re55|on | evel's;
expr essi on | e\?gﬁl(g&(é&%ﬁgaéor% gfrﬁ%@t 'Pﬁtcégﬂs ﬁé@%’er‘l*g eFemt s@Rw for five
patient sanpl es subj ect When 8x28XTitIIABATE-¢cy dedampe riéiel LduSEEnt | (W
T el s Prodges TP?%@L@ésé%a%ﬁ&b%tﬁ@a@%%%ﬁ%
Processes peri ment ProcessCell Size CD25 (M) CD154 (MFI) Nunber ( FSC)
(Donor) Confi gyy at i NoEtifrulatioh-0T=0T=0 48 hr 48 hr48 hr NDalO4XCELLERATEI 393

607104478637 PCO71 g XCELLERATE 11404 6591155441270 ) 73 WD 20031024989
03/ 03/ 2006 P& UBYABUW®L61 Experiment ProcessCel | Size CD25 (MFl)CD154

(MFl) Number F E( %@B@g@@%f&%u atlonTathBeadlgBS*lllscgli 48 hrag-hr

NDal107XCELLE

10 A kinetic analysis of cell size (forward scatter); surface phenotype,
activation marker expression, and cytokine secretion was then performed.
Figure 12 shows forward scatter (cell size) kinetics following primary and
secondary stimulation. Figure 13 shows CD25 (IL-2-Receptor) expression
kinetics following primary and secondary stimutation. Figure 16 shows CD54 (-

15 CAM) expression following secondary stimulation, on CD4* T-cells (A) and on
CD8'" T-cells (B), where the primary stimulation was either PHA or 3x28 beads,

-and re-stimulation was either: none, PHA, or 3x28 beads. Markers delineating
between CD4 and CD8 positive cells were also used to determine their relative
proportion during 3x28 antibody bead activation (Figures 19 and 22).

20 EXAMPLE Xl
ANALYSIS OF CYTOKINE EXPRESSION PATTERNS
OF CO-STIMULATED T-CELLS

The role of a variety of cytokines, including IL-2, IFN-y, TNF-q,

25 and IL-4 have been extensively studied as they relate to T-cell maintenance,
_expansion and differentiation. Notably, IL-2 has been shown to be supportive

©of T-cell maintenance and expansion. IFN-y has been implicated in driving T-

~ cells to differentiate into Tws-type immune responder, while IL-4 has been
implicated for driving T-cells to Tus-type responses. Cytokine release levels in

30 primary human T-cells activated by either PHA or 3x28 beads were analyzed by
stimulating T-cells as in Example 1X, including kinetic studies of responses to

~ primary stimulation and responses to a secondary stimulus. The data are
shown in Figures 18A-C and Figures 23-24 demonstrate a unique feature of

- 3x28 bead stimulation. Between day 2 and day 4 following initial stimulation
35 (day one was not assessed), extremely high levels of both IL-2 and IFN-y were
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(PCO74) XCELLERATE 11380607fit72110109 NDallOXCELLERATE | 425 501 111
6001039 (PCO76) XCELLERATE 11 390 445 97 4341536 NDall3 XCELLERATE
| 39963066659 832 (PC060) XCELLERATE |1411633113816 12145 NOallBR3CZH3RERADD

| 4335141052@ 2418004989 C073) XCELLERATE 11408569813692036 AueEmegpeoAsics70 89

514 9 48 Std Dev XCELLERATE. 1215824163f 3{43 (n=5) 399 583 94 577 14 79
XCELLERATE 11} 8422189448 13 EXAMPLE | X ALTERNATI VE CELL COLLECTI ON AND

CULTURE PROTOCOLS XCELLERATETM Cells isolated from hurman bl ood are grown

1, vt Tfgon Bl N Mg R g 108 R, B
| ndi anapol i s, faNgx2fh deadugiigrdated: Tcells tas Dmmpaned toelayels  Bbeenedtigkefls 2
M @ utam ne Eliinlidd whACRRA! 0dh BpordRifkid itid iNEReaRBAnIPNTEVE iias hisbe
(oo ) Bibatoa Waxds Slimiandd T-cel o8 Compared o ek PHA Soumtbrpans, In’ **°
(Li fe Technol BYF&¥s : a comp P
5 the case of IL-4, the increase was not as dramatic for primary stimulation.
Interestingly, and of possibly great significance, is that after cells became
quiescent (no longer dividing or secreting the three cytokines mentioned above}
following primary stimulation, they were re-stimulated with either 3x28 beads,
PHA, or left un-stimulated. T-cells which had received an initial
10 activation/expansion signal through 3x28 beads secreted even higher levels of
IFN-y than observed following primary stimulation. In contrast, cells that were
initially stimulated with PHA secreted IFN-y levels much lower than seen for
their 3x28 counterparts. Similar difference were also observed for IL-4 levels.
These data suggest that cells obtained following
15 activation/expansion mediated through 3x28 beads are functionally different
“than those obtained from other means of expansion, such as PHA. The
_tesultant cells appear to have an altered cytokine secretion response, one that
promotes very high levels of both Tys and Twe cytokines, with a possible
favoring of the Tus-type profile (IFN-y). Secretion of such high levels of these
20 - cytokines in culture can have many effects, including: driving T-cells into a Ty
differentiation pathway, which is one that favors anti-tumor and anti-viral
- responses; and also by altering the basic functionality of resultant T-cells (such

as lowering threshold of activation and inhibiting programmed cell death

pathways).

2 EXAMPLE XIli
ANALYSIS OF CD54 EXPRESSION OF CO-STIMULATED T-CELLS

Figure 16 shows CD54 (I-CAM) expression following secondary

stimulation, on CD4" T-cells (A) and on CD8* T-cells (B), where the primary

30 stimulation was either PHA or 3x28 beads, and re-stimulation was either: none,
'PHA, or 3x28 beads. |
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supplenented with 10% FBS (Bi owhittaker), 2 mMglutamne (Life

Technol ogies), 2 mMPenicillin (Life Technol ogies), and 2 nmM Streptonycin
(Life Technol ogies). 15 Buffy coats from heal thy hunman vol unt eeQ 3jJan®y 2 0drée
obt ai ned YWARPYEAIRed Cross, Portland, OR). Peri pher al p@ilyosmozizamauc| ear
cells (PBM) are obtained using Lynphocyte Separation Media (ICN 74 WO
2003/ 024989 03/03/2006 PCT/ US2002/ 028161 Pharnmaceuticals, Costa Mesa, CA)

according to the manufacturers' i nstructl ons. Peripheral blood |ynmphocytes
(PBL) are obtained fromthe PBMC EL?A@ Rygpncubation in culture flask
(Costar, Pittsburgh, PA) w th uncoate nabeads (Dynal, Gslo, Norway),

108 cells/m, 2 beads/cel |, SHRRATEBMACTITHN MABKERMASEAG ophages can be
renoved by adherence to the culture flask. Al ternatively, they can be

removed by phagocyt osi he paramagnetic _beads,  and then depl eti t hese
cel I's by magnetic cell q@@%ﬂ a%pﬁ‘?? 3¥as RPigred peehyAlipws: & r]%W"'*g
i nstructi of (gimdalion GDl-cele Bk sebfattpinrExamplefKorn thie r@frd 12l aee tdbeedy

Glo- 1), Cb20 gg? S @&ﬁ’;@&one%&&’@%ﬂ* b Feiiadig0 apfyitan

cells/m, hlat(Pherminoen) Dﬂlg)fedeamtshamantGBRBeﬂ:’harn'im@m,eﬁlTC-

ant i mouse uprp! a6t e 46 0CoBlA) A T

and t hen Eﬁatedtvvlcevamanet c.ce ar at

cells are  14PPBUPNGENy 290 OBGRRD HBKKINEER) byl IFComouplicmBntpUMASH dEDY5

(1:8I8I ie?lr 51/ %er(@hatm:dgbg) , FRITStcoubhsd iang- H?ﬁﬁ&\ads tGDfﬁ.’.tﬁr ﬁ(iaéﬁ'rﬁngéﬂ aﬁf‘!‘/\g%h%@
adherent cel Iag'%;h"'@ﬁ%rg @éﬂ#q 3H39Pé @é"?‘ J'A ulle ﬁ%’[ é‘\i ?b'f((g;@gugje% anié\v csk
( Boelh { : zgeg e:mimﬂmeCBﬁQaNm (Bectdn LﬂbluklnSbHMrF(I'BGe br Pﬁgmum&lg ghﬁmm}narzoo'ﬁh;?ker .
Char act ori ot 12 R Dickhsoh, ST, Bf PGl (bt R Soniih o CoBK. O 4
¢ and | acks 219 awss |abelast farr20 minutes aatmﬁCbmmea ublof siach darftibody Be et final

D cki nsons _$8mmeosf30 ivashiel ehals@Slhdiivia ih4% Bhldtbafialbbhifs RibnaNsta!

jning T- I nc

bl ood Iyrrphogr te @? ont
cul ture plat § nd e@s gures R ﬂﬂdagﬁé Q@aﬂselﬁ derpenstraied dIYnﬁ}eSeommn

cul ture vesséigsres nth@mll@peahlﬁéhmémﬂ' Gfﬁbﬁerﬁ,‘éﬁp@\fé?da&fvaﬁgﬁ/' tim&- a8 \eilas OF
Al t hough not required for the activation

sone other T bpe |
and grow h opgﬁe(?g%a .d r‘f’@"ﬁnd HEPES are added to the cul ture nedia.
Fetal bovi ne serum (10% f| nal ), human

EXAMPLE XV .
20 T CELL EXPANSION USING VARYING CD3:CD28 RATIOS

T cell expansion was evaluated using varying concentrations of
CD3:CD28 ratios on the 3x28 DYNABEADS® M-450. In the experiments
_ described herein, the process referred to as XCELLERATE ™ was used, as
25 described in Example I. As shown in Figure 27, surprisingly, about a 68-fold
' expansion after 8 days of culture was observed with a CD3:CD28 ratio of 1:10
on the beads. A 35-fold expansion of T cells was seen after 8 days of cuiture
vyith a CD3:CD28 ratio of 1:3 on the beads. At a 1:1 ratio, about a 24-fold
- expansion was seen.

81



30 A/B serum (5%,
The percentage of serum may vary wi thout greatly affecting T-cel
recombi nant hum@i3 /103 22096
phagocyti c CDl14+ mel/tis:oexmesmsiher
are renove by magnetic depletion as described,

medi a.
bi ol ogy or

phagocytic cells
Beads havi ng co
(3x28 beads) are

cul ture outcone.
added to WQI2003/02498% | n sone i nstances,

or autol ogous hu

beads are added at a 75 03/03/2006

bead: cell ratjo.

are renoved at
density (cell

sever a
nunber),

I n other instances,

5 cell size,

I n sone instances,

man serum (5%

.35 immobilized upon their surface anti
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ratio.

is added to culture

infra
-CD3 and anti - CD28
In sone instances, 3x28

Eﬁ%@ﬁgﬁég@§989 PCTI US2002/ 028161 1:1
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days 3 and 5. CUFou®SEDE? VARKVNGANMSINTE oRSEARISASASDRoNDFBEARRZ. Cel | s

and cel |
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Al

Cel I's are sin hablat®celltyicdlds onaldys1Oriwere highashwith\sequential adwﬁbmlof beads
: . on days 3, 4, and 5 at a final ratio of 0.2:1.

Table 7: Cell Yield on Day 10 Foilowing Varying Sequential 3x28 Bead Addition

25

Positive Selection Ratio Ratio of Sequentially | Cell Yield X 16° on
(beads:cells) Added Beads Day 10
(beads:cells)
3:1 Selection None o 4,300
1:1 Selection None 2,600
1:1 Selection 033:1onD1&2 6,700
1:1 Selection 021tonD1 &2 4,000
1:1 Selection 0.2:1 on D1-5 9,600
1:1 Selection . 0.2:1 on D3-5 11,400

In a second experiment, positive selection times were varied from
0 5-1.0 hour and the bead:cell ratios varied from 3:1 to 1:1. As summarized in
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Proliferation is measured by MJ assay (MIT assay kit, Chem con
International Inc., Tenecula, CA) at day 3 (stimul atlon nmethod 1 and 2) or
at day 6 sti nmul atlon method 3), and results are presented as Q830 YAPYD6
of quadr upBIZBEYE48IPBL cul tures or purified CD4+ cel | CROTUSWE/ @B

stinmulated with 35 3x28 beads, iononycin/PMA, or allogeneic dendritic
cells. 1 76 WD 2003/024989 03/ 03/2006 PCT/ US2002/ 028161 As deronstr at ed by

Figures 8A-8B, cell nunbers (Coulter counter) increase dramatically

fol | owi ng sti Mublets, Qli’e\MgHést@H K8t Q@ﬁqlé m(é”ébtam@%n%?g Plhealidf ratj
anti - nouse (QSAM

co-immbilize e ched,to

3x2|8 beads wi %Igﬁf? @’ﬁ?bt%'& %'?ﬂ/ﬁ?%‘t’ﬁ’ﬁ@%&gﬁ%ggb?%dﬁ AE02: batigson days
gnt i bO?I ef si d@ing 5or It shadltybe noteti Howear dhalas&léatr@ with lﬁltfgé:‘:lcﬁceﬂl' lf[éﬂo of 3:1
enonst rat es rrualonvm
covalently |fr?r?r§B?'ﬁiﬁ§% v&%%:B?HaE& bé%'i“%%%%‘ ﬁds +/ - nonocyte
depletion and +f- 20 units of IL-2. EXAMPLE X 10 MONOCYTE DEPLETI ON VI A

MAGNETI C DEPL Eablen: IZetiotgidesn Dapl{FalloagayryaryingPbsitiye SeedtigAoved from

T-cel |  preparati orf3atiosa Timgs)edridcSequirttial 8XP8/BEA® Addiidni ety of "irrel evant”
(i.e., non- antibady coated gr non-target antibody coated) Dynal beads.

Depl etion was | Ipshies GerebRsh by pPSsnh\FE?:Jbatﬁ% :gf'%ﬂhérﬂ%élymmé lH’:QIQ?( b r

apheresed peri pheral 0od rou 7160 ynal
Sheep anti - nou segﬁﬁﬁgephﬁ%d é%?“'@?%&'ﬂehurraﬁdg%q Beads burti H eoddaydObpads

(M450), or with Dynal Epoxy (M 450) bedds (ggadggdlg)ds cf 1- 2 hour s at :
22- 37 degrees _1fo1 [ owed Dby &Hn‘%ﬂ.ltlc r va| BF’ cetts—which—had—=at] ached
to beads or engtiH-ed-beads. i3 o nmi r B‘ S were .I5a"(9@d into fulture
al ongsi de un- nghf pul at-ed cel | 30 m@altéss Wg IN%néhar act eri zed 3hanof | ow cyfometry

for cell phenotype before an fter deplfet] :)n gure grdenonstrat
oo oased by ol HERE attom b0 birihes C°P1 8200 08 0 S NG0B X | 55

PRE- ACTI VATI ON 1¢\ND POST- ACTI M3iniDisitdsl NET (121‘! NEW STUPI7e6 30 A sferies
f [ f hh T-GeI TS, - 1% —eirthler from
of experinments 1\/\pre per or ne dnﬁun c ! “H@W 9,"6 ‘L}5p:. 8?5@60 ert

whol e bl ood or-fremapherese al+-Bioed—Y ur’'ed under} a
vari ety of conditions. Those Gﬂ)mmutasons | Noheide: 1) No s{Bjmbation
1:1 60 minutes 0.2:1on D3 - | 4,800
1:1 60 minutes 0.2:1onD3 & D5 9,000
11 60 minutes 0.210nD3, 4, 85 7,900
EXAMPLE XV

T CELL EXPANSION USING XCELLERATE Il AND THE WAVE BIOREACTOR

10 This example describes the T cells expansion using the Xcellerate
Hb process followed by seeding cells into the Wave Bioreactor.

Day 0 of the Xcellerate Process — On the first day of the

Xcellerate process essentially as described in Example |, the required number

15 of cryopreserved Cryocte™ containers from were removed from the storage
freezer, thawed washed and filtered. _

' Day 0 — A volume of cells containing approximately 0.5 x 10°

.CD3’* cells was then mixed with Dynabeads M-450 CD3/CD28 T at a ratio of

3:1 Dynabeads M-450 CD3/CD28 T:CD3" T cells and incubated with rotation.

20 After the incubation, the CD3* T cells were magnetically concentrated and

- simultaneously activated. The CD3* T cells were then resuspended in
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2) Stinmulation wth phytohemagglutinin (PHA) at 2 .tg/m 77 WO 2003/ 024989
03/ 03/ 2006 PCT/ US2002f 028161 3) Stinulation with 3x28 Dynabeads (beads
havi ng anti-CD3 and anti-C28 beads conjugated thereto) at 3:1 63/031/2006
bead- t o- T-Wei2003f02498®. 4) Stinulation or culture in the presesmezmsiabsence
of exogenously added reconbinant human IL-2 at 10 Um (5 ng/m). 5 5)
Culture in the presence of nonocytes (CDl14+ phagocytic cells) or cultured
foll owi ng renoval of aforenentioned cells via magnetic depletion using a

i et fori e b, ' | l.ustrated
o B o 1| POPDBYE Moqila¥ A Lisco L0t Culidhe 135, PBhe YT Eornho i dso 1
cytonetry to @@d Bpadswasdhen plasediny poatient-dedicatediiocubater G7°CB% @Dy, | CD4,
CD8, CD14, CD19, CD20, &R amay W’C[@S% l!g%l%'-cum\’é- %andeﬁ]foﬁB) ,

s determ ne y for

CD1L 54. Cell sjze is, also exanm ned, a orward scatter
profiles via ‘f# éW%?t whﬁ'rlgﬂ'f?%ew&m@@ﬁ%?f g8&ngle begrare split intek newbdfecetb 4,
CD19, CD205 eig5RMe drtshgslwbieQhenaetumest) toothdapatlomit-geditatdd in@ﬂl@htﬁp%ﬂ, e

| i neages an%t%%(}pul ations, while forward scatter, CD25, CD62L, 4,
CD137, CD 154"afe”used to determ ne activation state and functi onal
properties of cells. H@aeormarouptdday 5b| thel DG duicweae adurabxpargied-foel | s
were 20 pre ; ' e , I a e i me
for cel | " phonofodnonatasys dbarich PRI codtentysl Ihé i LIGE fohd Therd
col l ected forseedid iatoed 20k Wayr: Bigraasier eontrining as1® L volumewfdeediastThe es

general gr®Wdails OREFAGhER | Glltred it BYTERN 5% Cgtizswft 'irf%"vi\nﬂﬂfea‘ﬁ%dt?éﬁt hPnygM th
t 1Qulm™ and +1-

3x28. beads +1- reconbinant puman | L-2 a u nonocyte depl etion
. Al cells \Kg(f'@?'?g' %Pf'ar"@&' P‘?ﬁ@é@ﬁ a mwlme@tq- Fl asks (300m ). The one |
o o 35 g e esens dadadininct s shp (9
eplete . n o a,Baxter Lifece iter ask. e
gr aph dem)nstgﬁI p@eiﬁgp%?%ﬂct@t using jhe F?S'ceéﬁ%!ﬁé?@n"d?mﬁ?ﬁ?anp‘?- Munder
the various Eigudé 128 rexpahsipor was @ramatigallyhiengrowed ivhem ablls iverefeuttetdd i ze
as det er [igne S G A fi OV [
T-cel | arpe5 sggﬁy‘{v&ign%@g%%gﬁ'n Si ?é' é%@ﬁ?ﬁ%‘i'ﬁﬁéégﬁ%f %ab@ﬁng%ﬁg X i
subsequent | ycellsémbins Ehe Wave Bioseactoraas ispmpayed 40 atmayimiznmel deasity o) er
forward scat §g% ol &% thd 8fditie 3dd cElH e  off 4 1
shows |L-2 rg@.g%t o&g&m% 3%362?3?' grr??eo@rstl me Agtgﬁlgfeﬁg%hﬁt Oﬂ%(%ﬂ%ggd
stinul ati on, OGNV igvgd y izl qultusn igmaa starting cell count of about 0.5
. X 107 cells using The Wave Bioreactor.
20 - Thus, The Wave Bioreactor provides an unexpected and dramatic
improvement to the expansion process. Furthermore, hitherto unobserved cell
-densities and final absolute cell yields were achieved using The Wave
Bioreactor.

. EXAMPLE XVIli
25  ALTERNATIVE PROTOCOLS FOR T-CELL EXPANSION USING THE WAVE BIOREACTOR

. Alternative T-cell stimulation/activation and expansion strategies
- using The Wave Bioreactor, or comparable bioreactor systems, are developed

to achieve high cell densities and high final cell yields.
30 In one strategy, cells are thawed and washed and positive
- selection is initiated as described in the Xcellerate Hl process. The positively
selected celis are transferred to a 2 liter Wave bag on the Rocker platform..
The volume is increased to 1 liter by introducing complete medium into the bag
. via the outlet tube. The bag is then incubated on the Wave piatform, without
35 rocking, at 37°C, 5% CO.. On day 3, gentle rocking (5-10 rocks/minute) is
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78 WD 2003/ 024989 03/03/2006 PCT/US2002/ 028161 increase in receptor |evel.

By day 14, CD25 expression levels are greatly reduced on a majority of
T-cells, indicating a nore quiescent state. Wien 3x28-stinul ated3/-:E®)/RDO6

becane norWOFIPHREWAL (1 ow CD25, |ow forward scatter), RERYS2HE@S161
re-stinmulated as showmn below. 5 1) No stinulation 2) PHA Zug/m 3) 3x28
(Xcel l erate) bead stimulation at 1 bead/ CD3+ T-cell 10 A kinetic analysis
of cell size (forward scatter), surface phenotype, activation marker

expressi on, amitlaiey! oBh MRy SES] Blel USRS dr8 YanRRId 1884 20 1/ MaFe Iags BRNS

f d scat 1] . si ki net fall ow ng p : naa
Sttt on. e bS5 bRBheckS A . Ste udishyerm;aybiars ivRot 1o neteabe
fcz:v; owi ng pr -@tmwgluaTmofsmemagabwzsitérmﬂe;auhlyn OrFdgyi7e-§, esmgm iﬂiﬁﬂm&h ak5d
express n 1 I on, oOn + [-CcellsS and on
o8+ T.cel s Lﬂ%@\%_&@%ﬁ'ﬁ}%%@ﬁ‘%@%ﬁ RBR\SS i?H@mtﬁthr%g
beads, ard -Peifl¢ bagl ak 19ditelas Ontday 9 icoday 1RHEelDaréXesvistadts . thvbilikidr s
delinsat | _ BYNspA .
their rel ati %sggggz@ﬁfs@w%@d SIS o SubBiredig reipBlod RuBff L 1
and 22). 20 el QP ANADE SNSligr magoR) iEatiaghrEs: te PAaFPERNGE. CFhe
CO- STI MULATEEXFandaaLtsl phoiucd ise aibwed @ fio YuPbf 9 @g! s bab?ﬁi&ﬂhﬂ?fgk L-2,

ool | mai ot RiSe M EREIAT S ontiled @l askc i Bisveshed and prvopteserved, boen

shown tol®e supportive .of T-cell maintenance and expansion. |FN-y has

been inplicated in driyyi S | ff ntiate into Taj-t |g}mne
responder, while IL-4 *ﬁa%gbéeifeerrﬁ%‘)ﬁpffrg?ggd q%fﬁ YF;i @1%4389 kgsﬁgg ~type
responses. @asiiveheselested as dasehbed imtieoXeellenateyll process Butat twicewttie welt ed by
ei ther PHA aind3idad Reasnisfion. a1 @i e Tr Lo,
Exanpl e 1 X, iémw;di Ki ne‘t;i c st ud@gﬁg@}rseezép%%ggﬁ% %Qe grralfl%alrn%a?fol h&?oat I on
and responsd®f aé(egﬁﬂ)ﬁﬁd ¢ reeken platformyh Fheavelumecis ippreased 1oR2 dterdy 18A- C
and Fi guies idtBoditirtpovmpleteediurt hioUhe Ry via thé butldxieBeb ' j on.
Bet ween day P | | owl I niLi abl%@sti,rrul atui 0 3% eﬁ;byﬁ%gg@\}/\:g&g not
ssessed), é’%@ §'¥ Nlé'l% ?V&wﬁﬁgﬁ?’ W@?thrgdﬂn%rﬁf QE&- p%éi(e. 790 day 3,
a -
gentle rocking {5-10 rocks/minute) is initiated and the volume is increased to 6
liters. On day 4, the fluid delivery system is set to increase the volume of the
bag by 2 liters per day. On day 6, perfusion is initiated at from about 0.5 — 3
20 mis/minute and the outlet pump is set to maintain the volume of the bag at 10
iiters. On day 9 to day 12, cells are harvested: the fiuid delivery system is
disconnected and 5 liters of supernatant is removed through the outlet pump.
The angular magnet is attached to the out-put line. The expanded cell product
is allowed to flow out of the 20 liter bag into transfer packs. The de-beaded

25 expanded cell product is processed and cryopreserved.

All of the above U.S. patents, U.S. patent application publications,

U.S. patent applications, foreign patents, foreign patent applications and non-

patent publications referred to in this specification andfor listed in the

30 - Application Data Sheet, including but not limited to U.S. Patent Application No.
09/960,264, filed September 20, 2001; which is a continuation-in-part of U.S.

. - Application No. 09/794,230, filed February 26, 2001; which claims the benefit of
Provisional Application Nos. 60/184,788, filed February 24, 2000, and

| 60/249,902, filed November 17, 2000, are incorporated herein by reference, in
35 their entirety. | |
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WO 2003/ 024989 03/03/2006 PCT/US2002/ 028161 observed. A nearly 5-fold
increase in absolute secreted IL-2 | evels was seen for 3x28

bead-stinmul ated T-cells as conpared to | evels observed for cell §3/03/2006
sti mul at edW 2003/RiPR9 An approximate 7-fold increase in |dyukseehmigas al so
observed in 3x28 stinulated T-cells as conpared to their PHA counterparts.
In 5 the case of IL-4, the increase was not as dramatic for primary
stimulation. Interestingly, and of possibl y great significance, is that

Y1 oki nes. mentoned abdygyt M%QEM' 4, Sb0itefled T RByd Sppche”

re- sti nul at ed®RPdimentis &f t@f%ZEIVBB avBI—beerordelselftlnedjMelnnwrapmposé's ofl | s

whi ch had recg n ﬁaf'jéa,pﬁt 28
beads secret edu%ﬁﬁh?’am% ﬁl'g\c/iiff&a I?é Yrﬁgl\ﬁé' an ser%?’gl &Wﬁg%f’f{m y
stinul ati on. SR 3@ e ipyention. h&s?cq@mly..the timntion ds ingt limited except asiA
secreted | EN-Iyy Ittaa/abpemdezhclaﬂﬂ@r AIh@Iﬁ réfé@éhde@r patdifts fpééﬁﬁaﬁﬂh&ﬁti%hﬁaéfcs

Simlar dlffe obs 4 Iev ta suggest
that cells ob‘% 3l n%%c\/ﬁoeqr%\,{ﬁg PoRaie g??‘?rﬂi‘t l'bh?eér Eﬁtﬂ? on Fﬁ-@@ﬁe&’t @@ numeyitah

3x28 beads arrangemrﬂcxted@kereyn eixplicitle includenalhintdyes ealulet avithinl tHe' Rimge! her means
of expansion, such as PHA. The resultant cells appear to have. an altered
cyt oki ne secretion response, one that pronotes very high l'evels of both
TH, and TH2 cytokines, with a possible favoring of the TH -type profile
(IFN-y). Secretion of such high |levels of these 20 cytokines in culture can
have many effects, including: driving T-cells into a TH, differentiation
pat hway, which is one that favors anti-tunor and anti-viral responses; and
also by altering the basic functionality of resultant T-cells (such as

| owering threshold of activation and inhibiting programmed cell death

pat hways). 25 EXAMPLE XI 1| ANALYSI S OF CD54 EXPRESSI ON OF CO STI MULATED

T- CELLS Figure 16 shows CD54 (I-CAM expression follow ng secondary
stinmulation, on CD4} T-cells (A) and on CD8+ T-cells (B), where the primary
30 stinulation was either PHA or 3x28 beads, and re-stinulation was either:
none, PHA, or 3x28 beads. | 80 WD 2003/ 024989 03/ 03/ 2006

PCT/ US2002/ 028161 EXAMPLE Xl V
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SHORT TERM ACTI VATI ON MARKER ASSAYS Mar ker expression was nonitored over
various tinmes followwng 5 stinulation of T-cells as set forth igﬂfygl e

I X. Inthis regard cells are labeled with anti-human CD4 (I mmun8 ; 006
Ful lerton, CA), FITC coupled anti-human CDlla (Pharm ngen), FITC-coupled
anti-human CD26 (Pharm ngen), FITC coupled anti-human CD49d (Coul ter),

FI TC coupl ed anti-human CD54 ( Pharm ngen and Becton D cki nson),

FI TC-coupl ed anti-human CD95 10 (Phar mitgé#§, FI TC- coupl ed anti-hunan CD134
(Pharm ngen), FITC coupled anti-human CD25 Ab (Becton Di cki nson,

Ful l ert t.CA? FI. TG coupl ed anti- human CD69 Ab (Becton D ckinson), FITC
or PE—C%@E BN human CD154 Ab (Becton Di ckinson), or FITC or

PE- coupl ed 1 gGl isotype control Ab. Cells, 2x10 are |abeled for 20 m nutes
at 4Cwith 21 of gach @Hé\}icléoméﬁttg é‘@]’ tféé r?ﬁalgnét@ éfﬁ%lcﬁﬁﬁeofo[gart%%slin a\esihefurand

resuspended .in 1 % par af or mal de (S gma, St. oul s, . See Figures
21-22, &REPHEN Sotell GUurp Svegssidarted frqthecutwe sy humagufelis A Ae? dagpFedr

si gni f i ceagnetifiablé elepeol svherneidr sait triagadt i 0d Mdgneizalds elsdieht i@ SposibiartedeihinGD4dvall and
COB+ celds Saut RNt ex@flaiie ok EABANIE, LELNGOVARILNG: O SRR AT O
T cell expansion was evar(_uat ed usi ng varyl ng concentrations o : CD28
rati os Jherefd i9pess tiovghsaidodiayevessrl. | n t he experinments described herein,
the process referred to as XCELLERATE Il TM was used, as 25 described in
Exanple 1. As sho i nEL qur 7,..syrprisingl about a 68-f ol xpansi on
Sfter 8 days of oontur S dtidd St R Hedpofels meeiged hmel RS  ne
beads. AlegBrfagnel. expansi on of T cells was seen after 8 days of culture
with a CD3:CD28 ratio of 1:3 on'the beads. At a 1:1 ratio, about a 24-fold

expansi on was seen. 81._WO 2003/024989 03/ 03/ 2006 CT1 US2002/ 025161 EXAVPLE

XVI T CELL EXPANSPON UEP%@V%%?%%%'FT?T%%WGM?’E&&W% “TI VE

SELECTI ON FOLLOWED BY VARYI NG AMOUNTS OF SEQUENTI AL ADDI TI ON OF BEADS 5

Thi s exanpl e descyi besipghi ki ? ; Qg%g ess (see

Exanple 1) to det grrri ng the&%osﬁdlrg?%ie?ﬁ/?dbea ; %%%%gﬁ%?ioggbi&gr positive

selection and for optimal T cell expansion through the first 10 days of

stinulation. In the fiAsheteodoRE iintatihy 2geHAbLL HORBISWET CellmBiface imagietd S

posi ti V?An%’prisiﬂrg? selected with a 1:1 ratio of 3x28 beads:cells and stimul ated
g

with varying Tatios
(a) providing a population of cells having a target cell surface molecuie; and
) providing a device, wherein said device is adapted for the magnetic

- attraction of particles in a cell culture and wherein said device comprises
a cell culture vessel adapted for the culture of human cells, and
a magnet or a magnetizable element, wherein said magnet or magnetizable
element is positioned so as to allow a magnetic field emanating therefrom to pass through said
culture vessel; and
wherein said cells are contained within said culture vessel; said culture
vessel contains a solid surface having attached thereto a ligand for at least one target cell surface
- molecule; and
{c) applying 2 magnetic field through said magnet or magnetizable element of
said device,

thereby inducing aggragation of said cells or cell surface markers.
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of sequentially added 3x28 beads in the first 10 days of stimnulation.
Cells.were positively selected with 3x28 DYNABEADS(r) M 450 at bead: T-cel |
ratios of 3:1 and 1:1. For the 3:1 ratio, 20 X 106 cells (assufiddd 30260%
T cells) were isolated and resuspended in 1 m PBS + 5% human serum 30 X
106 washed 15 beads were added for a total volune of 2 mis. For the 1:1
ratio, 10 X 106 washed beads were added to the 10 X 106 total cells. The
cells were culturdd i mheaehof |ohskisn &ndhenein daiy aBgregatiom induceariargstplell sighatt o
6-wel | pl@ah®fction. 5 M volume. On day 5, all wells were split to 1.25 X 106
cells/well. On days 3, 4, and 6-9, all wells were split to 2.5 X 106
cells/well. 3x28 beads were then sequentially 20 added to those cells
positively sel ect &d at The Inattadi o da@ads : wierdirs saidsSsolidl surtace Ze delected Trall e 7,
cell vyiegk i [ i [ It beads on
days 5 P oo e B o g P o 0 8 o ey 10
Fol | ow ng Varyi ng Sequential 3x28 Bead Addition Positive Selection Ratio
Rati o of Sequenti &l |y Trd metibebbclaiml1@hermin(dariadid Sefats sAdped dBaads Day 10
(beads: ﬂﬁcl,r&s?)]er 1 Sel ectionNone4, 300 1:1 Sel ecti onNone2, 600 1:1

Sel ection0.33:1 on DL & 26,700 1:1 Selection0.2:1 on D1 & 24,000 1:1

Sel ection0.2:1 on D1-59,600 1:1 Selection .0.2:1 on D3-511,400 25 In a
second experi nent 9. poSTid Méhsdf elin BvhbicMBSid\eBIidRuMateiiEshrdmayietc0. 5- 1. 0 hour
and the bead:cell ratios varied from3:1 to 1:1. As sunmarized in 82 WO
2003/ 024989 03/03/2006 PCT/ US2002/ 028161 Table 8, the highest cell yield
at day 10 was obt # nedTh&i t method: lofpeelaimcebl wherkio sl e@pbpulaiiof orof 60cefis nut es
and seqeipribad lyddhdéykdson of beads at 0.2:1 ratio on days 3 and 5. It should
be noted however, that selecting with a bead:cell ratio of 3:1 for 30

m nutes gave the highest positive selection yields. 5 Table 8: Cell Yield
on Day 10 Fol | ow Hg Varhgi mgthébof tclaime SSetheein said litatli io sselefiede®om &edgroup

Sequent daakistiny eParBRfisbag Atatur Nodna Sird 2 &5ntitlc§gdraOn Posi tive

12. The method of claim 5, wherein said ligand comprises an antibody, a
pepfide, a polypeptide, a growth factor, a cytokine, or a chemokine.

I3, The method of claim 5, wherein said cell surface marker binding
leads to downregulation or suppression of a cellular event.

14. The method of claim 5, wherein said cell surface marker binding
leads to upregulation or activation of a cellular event.
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Rati o of Sequentially Cell Yield X Bead: Cel | RatioSel ection Ti neAdded Beads
106 on Day 10 (Beads:Cells) 3:130 m nutesO.2:1 on D35, 100 1:130

m nut esNone3, 300 1: 130 ni nutes0.2:1 on D34, 400 1:130 ni nutes0. 208/dh3 63096
D55, 700 1: 130 minutes0.2:1 on D3, 4, & 56,700 1:160 m nutesNone3, 400 1:160
m nut es0. 2: 1 on D34, 800 1:160 m nut esO. 2:1 on D3 & D59,000 60 m nutesO.2:1
on D3, 4, & 57,900 EXAMPLE XVI|I T CELL EXPANSI ON USI NG XCELLERATE |1 AND
THE WAVE Bl OREACTORS10 Thimsthest derpstinulpting: i epulationeof TT-celis | by esl pwiriadeomoielyi ng

t he Xcel ligatadhSombiidhgpr ocess fol | owed by seedi ng cells into the Wave

Bi tor. Day O t he X | te P first
Xi:glrfg(r:a?e pro%:/ess?gsseﬁm"rl ﬁ?ferggpgae' r?"fb’g@" i“’ﬂerEQa%'F%slt Ira,S ?rﬂg}/#@fﬁ?fred

nunber 15o@prisgg Jogiseserved Cryoct eTM contai ners fromwere renoved fromthe
storage freezer, hﬂa"\’e%rﬁ@ﬁrhbeﬁt@&%ulfabdntcﬁ rc@lpsl mﬂaé/ sn.pface wﬁeﬁéﬂls'éﬁ%uﬁéce%y S

cont ai ni ng appr oxi mat el y 6‘%’ was then m xed wt
Dynabead& 4% %&etﬁfiaﬁcﬁbﬁsﬂg?mat{’at "Q?Q’e‘.aoT CcD3. @mﬂ?ﬁé’éé‘aﬁ‘s‘e‘wﬂ%@‘e@%}%ﬁzﬁ

T: CD3{ Tsewhi surfacel has attdehbd thewitd A seaind tagen.thal Gig#Akd arciidseaccercorp ahdlaanle dfhe
CD3{ Tc s t ed.
The cpay o TR uReBRIRS LG 3 o FROAER! bRaR 100 BT S BEE A Mot
PCT/ US2083 @2@6’1 thedirmh prect secoRIATEIHNdHCes Profife@iien f seidTTicelicy| t ure Bag. The bag

cont ai ning the cell s and beads was then placed in a patl ent dedl cated

i ncubat or (37C, 5 lée é?&h% F 18 n%%%{eﬁ at Iﬁas? o(ﬁ\D% e :s an? a{u or an

cul t ur e- expanded SORt |ngle bag
are spl FTt'QP'?TP'Bd'QEfF@WeﬂWP%@éII 5 bags. The 4 bags were then returned to the
pati ent - dedi cat ed |ncubator (37C, 5% G2). On or around Day 5 - The CD3+

cells were cultur dditipo t whi oi nt the
contents of the Cﬁ] tur e rgglagé)weel tﬁeﬁvheremqge ﬂrs?ggen?ls an an Bocp or an

antigen-binding fragment thereof, and the second agent is an antibody or an antigen-binding
fragment thereof.

18, The method of claim 15, wherein the first agent is an anti-CD3 antibody,
an anti-CD2 antibody, or an antigen-binding fragment of an anti-CD3 or an anti-CD2 antibody.

19, The method of claim 15, wherein the second agent is an anti-CD28
antibody or an antigen-binding fragment thereof.

20. The method of claim 15, wherein the first agent is an anfi-CD3 antibody or

_ an antigen-binding fragment thereof and the second agent is an anti-CD28 antibody or an
antigen-binding fragment thereof.
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seeded into a 20 L Wave Bioreactor containing a 10 L volune of nmedia. The
10 cells were then cultured at 37C, 5 CO2 wth the wave notion at,6 15
rocks/minute and with perfusion at 1 ni/minute. Cell counts wer 8 3dd& 24 A0R&
each day and conpared to cells stinulated and expanded using the static
Xcellerate Il process. As shown in Figure 28, expansion was dramatically

i nproved when cells were cultured in 15 The Wave Bioreactor. Further, cel

densities reached s h"lﬂ@ ﬁ@th&p oK é&?\ﬁ 2§el~hé'émthbnar;mﬁ33\/\%¥ﬁ)o@ ereé’fﬁlb&f- as
conpared.to a_maxi mym e%g\apg ’EHSIt‘I¥:I 06 observed in the static
t

Xcel | er ANy fragmsple dner f ol DZ%&PH?Odéfora%@?" Hipdng ff??’]"‘?%ﬁh‘?ﬂ&‘g are
achi eve@reskentcihy rali@ oidboatul30ue ebdut btdda starting cell count of about 0.5 X
109 cells using The Wave Bioreactor. 20 Thus, The Wave Bi oreactor provides
an unexpected and dramatic rovenment to the expansi on process.

P ther ot e, it hatt o dHbUBEPFbET A ZcHasrei o oob- i aHiEae oF Lnoere! |
yi el ds \wediag afedgimerte thetedi Rgd Tthe MiCe28 Bintlicd@ CdroantigbnXMdidE frdddhdnt tBdeof are
ALTERNAPe\gng Boli@Ro - CELL EXPANSI ON USI NG THE WAVE Bl OREACTOR

Al ternative 1 st rrul ation/activation and expansion strategies using
The Wave Bi or eact or, or conparable bioreactor systens, are developed to

aclh: eve hi gh cel | agensirhé Gﬁetiﬁﬂdohidﬂ'infimadvhéﬁtlﬁﬂ\ | thy | SHiED3 3&{%6}( QR earfigdrat egy,
ce S a |1V Sel ec Tl a
Gosori pefahd WEReg Beieer A5 (X SpPERA lfoon? G Eib e’ Bl Hrdl are oy o

t r ansf epteseht ai@ ratiodf Ahautt28/ave bag on the Rocker platform. The volune is
increased to 1 liter by introducing conplete mediuminto the bag via.the
outl et tube. The bag t hen i ncubated on the Wave tform wthout 35
rocking, at 37C, %% CO%1 q@&y°3°aﬁerﬁol MMeBki Ry a(“g'c%@ PRYERY) A rﬁﬁ“%e)“ is 84
WO 2003660 &8grisit (Br2efOend RET bkiS2DTR ABEHSANE br | antigdnaiireithg Ripnaal therdsf drdie
contentg, ?Jn?attar%i%%?%ohﬁfj go a 20 liter Wave bag, and the volune is

i ncreaseg ters ’T“le fluid delivery systemis set to increase the
volune of the bag by 2 liters per day. On day 7 -8, perfusion is initiated
at fromabout 0.%. - 3rhe a{etﬁoaubfe ciamd ZDthh@hHirl @fe RMAIDBSarmiBbdyt or rAatigehai n

the vol éf,gﬁfngt ﬁgér?enpqr(\]eb&ge e lal!ltlléfgz% algt)?)oéj Yr Sk enq) r%hngnfgﬁg%]%hl Theftof are

harveste d very systemis th Scofh ITers o
super naitregent 4t a ratiopbgogt tH-ough the outl et punp. The angul ar magnet is
attached to the out-put line. The expanded cell product is allowed to flow
out of the 20 liter b i nt nsfer _ pa The de-head xpanded cel |
product is proces®ed gﬁna &n{ﬁ @Sg?%go w%erem the antl-CBg an?god?( t antigen-

binding fragment thereof and the anti-CD28 antibody or antigen-binding fragment thereof are

present at a ratio of about 1:10.
27. The method of claim 20, wherein the anti-CD3 antibody or antigen-

binding fragment thereof and the anti-CD28 antibody or antigen-binding fragment thereof are
present at a ratio of about 1:3. '
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10 In an alternative strategy, cells are thawed and washed and positively
sel ected as described in the Xcellerate 11 process, but at tw cs t)}@;&ll
and bead concentration. The positively selected cells are trans & 8
20 liter Wave bag on the rocker platform The volune is increased to 2
liter by 15 introducing conplete nediuminto the bag via the outlet tube.
The bag is then incubated on the Wave platform w thout rocking, at 37C,
5% CO2. On day 3, 2gent Tee methéd ofigcldih- 1spwh@ezksuenﬁrﬁtﬁgeat id 8n bmi-CDAAMBodynst t he
vol une i g,i i elivery systemis
set to |%{:‘%‘g éﬁat(ﬁ% fkgwg%dete%ﬁérﬁ eg%m%ég/éhys ah aerP é&cgg Qday On day 6,
perfusion is initiated at fromabout 0.5 -- 3 20 ms/mnute and the outl et
punp is set to naipd ai NThd et ITBMB, WiteeiPMRE ligdnd &Q natukd RJa8d foloDgRY 9 to
day 12, cells are harvested: the fluid delivery systemis disconnected and
5 liters of supernatant is renoved through the outlet punp. The angul ar
magnet is attached3® o tHee regihodgiielaimi2devheRirethe ppdwadiganddeBl. product s
allowed to flow out of the 20 liter bag into transfer packs. The de-beaded

25 expanded cel | producj | rocess and c eserved. Al| of the above
U.S. patents, U.S. glpate t'“%*bcgﬁ g’&éﬁﬂ’@ﬁm&ﬂ)lpf’@ﬁg ﬁiﬁrmﬁi &y CSLtSE'Fﬁw moiety
appl i cat igatien, cdhgrieihgin patents, forei gn patent applicati ons and non- patent

publ i cati ons refera};]ed tﬁroblﬁiné lespm.s&bn&@wh%m%%wa b&rﬁ&netFIerle& the 30
Application Data Sheet, including but not limted to U S Patent

Appl i cat9oBR5GS o0/ 960, 264, filed September 20, 2001, which is a
conti nuation-in-p&it ofcotbading saigh pbputtivn oNcelo with) A/ stlabe 2BKkreif shie uifaebhaar y

26, 200 ' .

0 164, 7Ucte fikndio B {18 bt BEPRishes & TerlSY kabAY 4R Al B MR 4

2000, aBecoNsEYTassIhes ééfafmgfi diepete Sreéwéir @wetethat figates CHEB ecaesany mogﬁcul%f V\D
2003/ 024889 - fbﬁ/ Afdran ke fi r&ﬁ:ﬂﬂd&ﬁ%&&l SdRddb Hidrrilshie gfréaté?gﬁunng dtntdaw lancbeb

a reci u ClTl e Ln 1 O een
ooty b 2ahonah ek RcBRP Sodub o BRI Thétealer bf o b 4T Brisadt e oy

be rraderaNPtQﬁcﬁutfaQ?e*m @ﬂb mj; aboub i, Fawd oifierdin said rligation opyethe ffirsthamdi seeend agemt

Accor di pahdés pfoi@ratisl&Rhit FReh.S Not limted except as 5 by the appended
claims. Al of references, patents, patent applications, etc. cited above,

are incorporated herein in their entirety. Further, all nunerical ranges
recited herein expliciThkymathuoo of chininal 31, i:vhéreigesraidvﬁtiaum'ow aboun 1t1ihsurfocengts 86

03/ 03/ %Ql%yq-é{(:M%erein additional surface is added sequentially to the cells thereafter every day for
up to 10 days at a final ratio of about 1:5.

33. The method of claim 31, wherein said final ratio is about 3:1 surface:cells
on day 1 and at a final ratio of about 1:5 on days 3 and 5.

34, The method of claim 31, wherein said final ratio is about 2:1 surface:cells
on day 1 and at a final ratio of about 1:5 on days 3 and 5. '
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What is clainmed is: 1. A device adapted for the nmagnetic attraction of
particles in a cell culture conprising a cell culture vessel adapyed for
the culture of human cells and a magnet or a magneti zable el et ,0%gp@i6n
said magnet or magneti zable element is positioned within a wall of said
cul ture vessel or external to said culture vessel so as to allow a nagnetic
field emanating therefromto pass through said culture vessel. 2. The

devi ce of cl ai m 1,35wherTéé metwid cbf ieipn i, eheramgnidtfinziabiiceisedbeaent susacanells

el ect r OgRGREY ancBat a NG reiE Yl b6ytATs ol Al dng sherein said human cells are

| ynphocytes. 4. The device of claim1l, wherein said culture vessel is a
flask or a bag. 5. A nethod for inducing aggregation of cells or cell
surface markers coapri & ngmeft@y prfavi di sgvaingpopudnat i osxpahdigel | 2 having a

t ar get . : . j ding a device, wherein said
devi ce %gbgﬂgggiﬁ&?%%eﬁ%wﬁgegﬁ@??(I{gégg%f%@ﬁngn of particles in a cell

cul ture and whereith saiPfPvidipgiaceorslghgy ofseels wherain jat fegstra) pastiapetbered’ adapt ed for
t he cul taomeriset Thelsan cell s, and a nmagnet or a magneti zable el ement, wherein
said magnet or magneti | l.enent .is positioned.so to allow a
magnetic field errg’hati ﬁ’ém?‘ﬁ%? g?“r?g?ﬁ“{agonpgggeﬁ? I 8 GRS ‘%ﬁer%ﬁls?'ﬁrsgwﬁfsg?ﬁl :
and wherdéaghed fiefpte ang o mgre agents Biphlisdtevd cdii surfacei rdoigty bt atrleast e podibn obthe d-

fcuI tu { elcensefﬁlesﬁmmta@& @iaita Bl @il Qhstainf HET h!:ané: &6 saédgacahs%mﬁ{ram of abdu@an f'_
or a on g c sur e .nol ecul e; anq a i ng a_nagnetic
field tH?g’l%JdH ‘%eﬁ?’aﬂ?a%ﬁ%‘tg E‘H"nﬁﬂ{ﬁ@ﬁ 204 5735N & oRgsHiratir %gé?tﬂgg‘e%%‘g?f’ %‘H@?eby

i nduci ngellstyd pedyabioitdt Xot0° salli/chl ioddsh thaoabaketwlo weeks ace mar kers. 87 03/ 03/ 2006
6. The nethod of claim5, wherein said aggregation induces target cell
signal transductign. 7. The nethod of claimb5, wherein said solid surface
is selected from¥he Youfet¥dsi i ngaBr a3% avierein psad aTdi &8s a Fvd, a
pel | et ,seaddd &ter conaentraitonas phant @,2 Xand® andeash a Soncehetisrestupautado 1167 ealdim!

wher ei rby%%ﬁdﬁf’iid surface is a bead or a microsphere. 9. The nethod of
claim7,” wherein said solid surface is paramagnetic. 10. The nethod of
claim5, wherein said population of cells conprises |ynphocytes. 11. The

met hod of clai m 33 whemei nnfegiotl | ogangaimS S eclrebid r 0fid her gr g4 are
Con" bk A s BRSO e S bl >

by about day 7.

39, The methed of claim 36 wherein said T cells are
seeded at a concentration of about 0.2 X 10° and reach a concentration of about 30 X 10° cells/ml
by about day 9.

40. The method of «clam 36 wherein said T  cells are
seeded at a concentration of about 5 X 10° and reach a concentration of about 50 X 10° cells/ml
by about day 12.
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pepti de, a polypeptide, a growh factor, a cytokine, or a chenokine. 13.
The nmethod of claim5, wherein said cell surface marker binding |eads to
downr egul ati on or suppression of a cellular event. 14. The met h@3/H3£(R&I0A
5, wherein said cell surface marker binding |eads to upregulation or
activation of a cellular event. 88 03/03/2006 15. A nethod for stinulating
a popul ation of T-cells by cell surface noiety |ligation, conprising: (i)
provi di ng a popul ati.on Ufie cahétiodhastei Bad | BAStwiRrdrOr tdan tthergmé  are
conpri seg, ke o (el ) ! [ opul atiop of cell it hea surface,
wherei n St 8L Boncehelof 84 & he? B IR Y BhictParly of Bhqh ol {5 3oL
TCRI CD3 Eb?PﬁP@@YSf a T-cell, and the sane or a second surface has attached
thereto a second agent that |igates a CD28 accessory nol ecul e of said
T-cell, wherein thg ratjg of id first agent to . said second agent is |ess
t han one and wher e‘?‘n s-lél?ed Ir?ea'i‘{di orf by e ?elsr stYNEIE ses@lf)’nddrage Sinfices
prol i f er 8&ederhatod cengpriratiorcef] dbout1 X TPhendretebind coficentratipmofl Shoutvbie Xel0f celts/nleast
one agenpydbsutdidy @nt i body or an antigen-binding fragnment thereof. 17. The
met hod of claim 15, wherein the first agent is an anti body or an

anti gen-binding fragnent thereof, and the second agent is an antibody or an
anti gen-bi ndi ng f4agnere t ettedf . ofl8. cldiine 188t hodle®in clsaidm I5, oalter edre t he
first a i j [ § [ @6‘ A0 | 3]

ant i gen%%ie%ec?i air‘lt @%nggﬁn%tﬁﬁqéfa%% d?reltqlﬁ %g%gép%r?oan I %P%% tl%(gﬁyﬁ f‘é‘?’mfhe
met hod otfyae?%fj%ﬂf& wherein the second agent is an anti-CD28 anti body or
an antigen-binding fragnent thereof. 20. The nethod of claim15, wherein
the first agent ig an ti- nt [ body. or n anti.gen-hi nding fragnent
thereof and the s%‘(':onqﬁ%genrﬁaﬁ%daandfang%L"bDZ%'?lana?eﬁ% y &¢ anlr cels™9 5

ant i genSasPeftAtng) ceroagiation of aherted X 18 3ind 3¢awB/2p omeertration T abpwst490¥ 165 calib/ad m 20,
wher ei noytdbeutaiay .- CD3 anti body or antigen- binding fragnent thereof and the
anti-CD28 anti body or antigen-binding fragnment thereof are present at a
rati o of about 1:30 to about 1:100. 22. The nethod of claim 20, wherein the
anti-CD3 anti body*Sor akhei gamsthddi ndif ngcthimagn®nt wheseieof sakhd Thecelist | o D28
ant i bodsse@i AN baHeamRldHChMbodt i QP
about :38? §$ The et ho{j%glflt %gm%g%@ﬁﬁ%r%oﬁﬁ&%rﬁ@hﬁ%?@é%g )glj]{)i g%ih;/npor
anti ger BPREMTY fragnent thereof and the anti-CD28 anti body or

anti gen- bi ndi ng f4p.agndint t hetreaf af e cfimesest athersin at sa of Tabesks 1:arb.

seeded at a concentration of about 0.2 X10° and reach a concentration of about 40 X 10° cells/ml
by about day 12.

47. The method of claim 36 wherein sad T  cells are
seeded at a concentration of about 0.2 X 10° and reach a concentration of about 40 X 10° cells/ml
by about day 7.
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24. The nethod of claim 20, wherein the anti-CD3 anti body or antigen-

bi ndi ng fragnent thereof and the anti-CD28 anti body or anti gen-bindin
fragnent thereof are present at a ratio of about 1:20. 25. TheOmethdd26{06
claim 20, wherein the anti-CD3 anti body or antigen- binding fragnment
thereof and the anti-CD28 anti body or antigen-binding fragnment thereof are
present at a ratio of about 1:15. 26. The nethod of claim 20, wherein the

anti-CD3 antibody gr anfbgeRerdindiond GhiR0mBt WAGLROT Apd Hhe apdi-£LD28
ant i body or antigen-bindin rggmsnt thereof are present at a ratio of

d f

About 1,089 27 COMEOIHER 19hdbast 0215610k ) reaihe enfenirion 4k bt 168 cpibtely or
ant i gen-bylbadda®.f ragnent t hereof and the anti-Cl D28 anti body or
anti gen-bi nding fragment thereof are present at a ratio of about 1:3. 90
03/ 03/ 2006 28. The nethod of claim 15, wherein the first agent is an
anti-CD3 antibody “®r dAeantTefeas bi 8Hi nF'dP agnidnt whereBof &l t HePdtieBnd
agent i ofJ dellgansketied inteD2 &ultuld contdiGer B4t Hofs GlomChtRiuh 281 liteh ediehdtd Avut hgand
is a natzpéﬁtje“) jgand for CD28. 30. The nethod of claim 29, wherein the
nat ur al |gan3 s B7. 31. A nethod for stinmulating a popul ation of Tells by
cell surface noiety |ligation, conprising: (i) providing a popul ation of
cel Lls wher eit_n at :;@asltlTae psaﬁ]ﬂo@n 6fh$d1aaﬁf ﬁlownérbiﬁess_agel J:lﬁt%lre(iéc%:taﬁﬁm ?;:ti Rgd
said po ion,of cel a su e, erein said surface has attache
t her et oeﬁ%ﬁs?‘c’sale&?@t@ﬂ?'W%gﬁrf"?dg%{'feé’é'ﬁeé%CD3 conpl ex of a T-cell, and the
same or a second surface has attached thereto a second agent that |igates
a CD28 accessory Bl eCyhee Olmeti@l d dr Celbim Wnagel Nwhdigin T | NQlq I lekRin@bn Sai d
surface to sai‘g %glls is greater than 1 on day 1 and whereln additi onal
sur f ace®FUSIHYEFLEGBhtial Iy to the cells thereafter for up to 10 days at
a final ratio of surface to cells of about 1:5, and wherein said ligation
by the first and co a i [d (o] I at.on sal - 2.
The met hod of cl a?% Sgﬂjemhqg‘?ﬁeoldn CIsi'a:é%ﬁ:r?i ﬁgl Mr]% quoyf"g _glg%el‘}t %YQTIS%? é{ggs:%cel |'s
on day ACHRATCHFATIEFIRG 2ldRESLINe fYgt filter; ope e\dle} flferaantasagwliigeti al |y to the cells
thereafter every day for up to 10 days at a final ratio of about 1:5, 33_
The nethod of clai,m3 wher.ei id.fingl ratio is about 3:1 surface;cells
on day | and at ?3Ti na her aT?tEOJ(;fgf:b(g%'P ?535 %n?r%ygafgrean@e@”rﬁﬂs TREH hod
of cl aithogdh saigkptosed systemi d final ratio is about 2:1 surface:cells on day 1
and at a final ratio of about 1:5 on days 3 and 5. 91 03/03/2006 35. The
met hod of claim 35%, V\lnl%r ein s%i dfinal ratio iis about 1:1 surface:cells

. e method of claim 53 wherein said perfusion is initiated on

about day 4 at a rate of about 0.5 mi/minute to about 3.0 ml/minute.

35. The method of claim 53 wherein said perfusion is initiated on
about day 6 at a rate of about 0.5 ml/minute to about 3.0 ml/minute.

56. The method of claim 53 wherein said perfusion is initiated on
about day 8 at a rate of about 0.5 mi/minute to about 3.0 ml/minute. |
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on day | and at a final ratio of about 1:5 on days 3 and 5. 36. A nethod
for activating and expanding a population of T-cells by cell surface
noiety ligation, conprising: a. providing a population of cells 937 046
| east a portion thereof conprises T-cells; b. contacting said popul ation
of cells with a surface, wherein said surface has attached thereto one or
nore agents that ligate a cell surface noiety of at |east a portion of the

T- cells and sti msrat eghsaimdthdd Cef | claim 268 WhaEiRi Baig ahmddidmC® | sicate® H&rded

at a conggntration.of a e X 106 / t o] 5 X 106 cell s/ m
and reacﬁﬁ% SCoRcER 'g'ﬁ?iogﬁj"%?' %é&v@@%\gal?&'%w }@mﬂ( %%@?fc%{%’ Shivo é'%da ‘b&sjt 50
X 106 celViw/2a® in | ess than about two weeks. 37. The nethod of claim 36
wherein said T cells are seeded at a concentration of about 0.2 X 106 and
reach a concentration 3& about 30 X 106 cells/m by about day 12. 38. The
met hod of cl ai m 36%wher8F n Mefiod TofcefPi@ ap2 Wewifedsdd £UEBHcEMRIUR i on of
about 0. 2oHpris86a eytakineeaaVitaminconcent rati on of about 30 X 106 cells/m by
about day 7. 39. The nethod of claim 36 wherein said T cells are seeded at
a concentration of about 0.2 X 106 and reach a concentration of about 30 X
106 cells/m by &dbout Teaymethodi(pf thim n§h H¥erelt wlichi gyioBiee wise seleseds afram T
cell's agr grapeoamktiag ofdL-g WML AM-2BF AL 12 RoHt TEF aAPBvARd reach a
concentration of about 50 X 106 cells/m by. about day 12. 92 03/03/ 2006
41. The nethod of claim 36 wherein said T cells are seeded at a
concentration of éboutTie X m@dodnd of eactsira cdilcentvhatinon safd abouture50 X 106
cel | s/ Mnedilt carhiidts Sa¥adant42. The nmethod of claim 36 wherein said T cells
are seeded at a concentration of about 5 X 106 and reach a concentration
of about 50 X 106 cells/m by about day 9. 43. The nethod of claim 36
wherein said T cefll s afhe sethoed ofit ot Org3enivh@tihonsa@fl alatd Mmediuh06 and

reach a%oﬁﬁﬂfeg%gﬁt%mr%a&@gﬁj_gjaé}%%gghgﬁuﬁe%df_s/n1 by about day 12. 44. The

met hod i m36 viherel n sal s are seeded at a concentration of
about 5 X 106 and reach a concentration of about 40 X 106 cells/m by

about day 7. 45. éthe nMeihogletadd CloRi Ma®® VEIer @hdteif ai GhidT e@iubleS AeBumseeded at
a conceptrati bout 5 X 106 and reach a concentration of about 40 X
106 cel‘{aé”/’ﬁﬁtew@?ﬁ;aa%m day 9. -

63. The method of claim 53 wherein said‘ culture medium
comprises a reducing agent.

64. The method of claim 63 wherein said reducing agent comprises
N-acetyl-cysteine.

65. The method of claim 63 wherein said reducing agent comprises
2-Mercaptoethanol. . . .
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46. The nethod of claim 36 wherein said T cells are seeded at a

concentration of about 0.2 X106 and reach a concentrati on of about, 40 X 106
cells/mM by about day 12. 47. The method of claim 36 wherein s8i3d O3 £2010$6
are seeded at a concentration of about 0.2 X 106 and reach a concentration
of about 40 X 106 cells/m by about day 7. 93 03/03/ 2006 48. The met hod of
claim 36 wherein said T cells are seeded at a concentration of about 0.2 X

106 and reach a caacentThat inethoof oﬁb@éirh 4 M&Qﬁ GRldl ddoskd HMtembBainphy 9.

49. The 3@ n of T cells is seeded

into a céﬁﬁtru%gorglgtﬁ ac?htg}r’gr?hx\{}% % 'H‘?spl? OG%C%%% ré?g'ﬂ'.'gl liter volume to about
a 200 liter volunme. 50. The nethod of claim49 wherein said culture

contai ner conpri $@s atrhé eadsiho®N& icrPt 66 | Whdéin A QP&dOYhd Ehndid | df€aid 51
The net '}ch( ﬁ&ﬁ‘&l %agn? Bagilﬂgv!\her ein said expanS| on occurs in a closed system
rre

52. The %1 wherein said closed system conprises a
contai ner conprising at least one inlet filter, one outlet filter, and a

sanpling port. 5368 TheTﬁ@t hefo®f of! alim Sd7 V‘@ﬁér&hnh&gilr@urc@ sl EI I s

per fused tit& E tﬁ " }Posed system 54. The net | ai m wherein
sai d pelTE&“SH Y ?Y?’t"’iﬁ WES-IXrockHBiifte day 4 at a rate of about 0.5
m/mnute to about 3.0 m/minute. 55. The method of claim53 wher ei n said

per f usi on ' S ' ni tl59at edrn m@‘llﬂ&yt ﬂidaéfa@ a%? %Nﬁeg%r?mﬁ klﬁ?ow Qacf? @a# dhnyie to

about 3,0 m 56. The erei n sai usion is

initiat lé'ﬂ'aﬁ‘iﬂon Q%U‘iay&%/a@“bﬂ ?rP%’é’@'%‘fe about 0.5 nllIninute to about 3.0
m/mnute. 94 03/03/2006 57. The nethod of claim53 wherein said nediumis

selected from theg, gr isting of RP 40, Al MV, a- MEM
P15 vivo 15, Bad it CHRE 'Y Sm ", hieen, o4l 0B, 220G
cul tur ecmﬁ‘?’frﬂmﬂ%h‘ﬂ)’ﬁa@fw@‘%ytokl ne or a vitanmin. 59. The nethod of claim
58 wherein said cytokine is sel ect ed from the group consisting of IL-2,

| FN-y, 1L-4, GV CSF, | T 3, .and. TNF-a. .60. The t hod of
clai m 53 wherein Said % 'Ef?'b d rré’al Lf%:"é rﬁ;a wherel St o PtpM rthor

- comprises a magnet.

72 The method of claim 67 wherein said closed system further
comprises a gas manifold.

73. The method of claim 67 wherein said closed system further
comprises a syringe pump and control for sterile transfer to and from said closed system.

74.  The method of claim 36 wherein said surface has attached thereto a first agent
that ligates a first T-cell surface moiety of a T-cell, and the same or a second surface has attached
thereto a second agent that figates a second moiety of said T-cell, wherein said ligation by the first and

_ second agent induces proliferation of said T-celf.
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61. The nmethod of claim53 wherein said culture nmedium conprises an

anti body or an antigen-binding fragnent thereof. 62. The nethod qf, clagim53
wherein said culture nmedium conprises plasmanate. 63. The net h&8/ &32? 904
53 wherein said culture nmedium conprises a reducing agent. 64. The net hod
of claim63 wherein said reducing agent conprises N-acetyl-cysteine. 65.
The nmet hod of claim63 wherein said reduci ng agent conpri ses

2- Mer capt oet hanol .7595 OB 0812006 of6 GlainT hea, Mehbrerl @hid Ckahden &1 avherdeisrizai d

cl osed %%ta%%hgg 'ﬂérrété %Stfgtr@agéngﬁ?%ﬁés §Y I]ntd dr%? ?tgqﬂ?tsgid nlg%ell\rl)\ﬁéerém %a?qlgalon

pl atformcap roc
and angl® 'Eﬁ"%é‘-ﬁfp"draaeH]lfﬁggwsa@q%?sfﬁr@{ifeéahoapﬁsglgﬁece!! 68. The nethod of cI ai m
67 wherein rocking of said platformis initiated on about day 3 at about

5-10 rocksl m nute., 69. e f. C 7. .wherein rocking, of said
platformis initigt edT}oE% agﬁ&{] % a3 21? ag]bgﬁﬁt . P oK &Y nq%H[Eﬂdé 78" The
met hod &PlgENRINing fragiprst Bergofsai d pI atformfurther conprises a variable

heating el enent. 71. The rret hod of claim67 wherein said platformfurther
conprises a magnet, t hod. of_ claim 67 wherein said closed system
further conpri seg a ggge ({)re?j ok Ty, WRREEIM othe o firsh | 2l d Hhe B sai d
cl osed §ysnentigen-hiting fr@gmqnt ithspef, aamly thenspeoml mperdrisl amoattibody Hoan sdndigent e

t r ansf epintiifg AdfhehftRgsai d cl osed system 74. The nethod of claim 36 wherein
said surface has attached thereto a first agent that ligates a first

T-cell surface noiety of a T-cell, and the sanme or a second surface has
attached thereto78 se‘ﬁmndnei@ﬁntoft blain | 74gadiesein ®ecard smi ahy Skorsiai d

T-cel |, ;qMpRIAd flresiéht Qag’bb&l@st r%nu%é_bklgﬁgg%%bgq%eofsecond agent induces

proliferation of sard T-ce . The met hod of claim 74,
wherein said sane or a third surface has attached thereto a third agent
t hat Ilgat es a thiord neetnetiol 9Ai dhim ¢8| lwhaker k) mai d?édtgﬁt R NanttdD3 he

first, A, BEHH. rgd%f aat{b%ﬁ)zngxrs ah nd Stﬁlfc{ ol LLer a?]tq?b%‘d)‘?n gbg o Sildps 76

The met qd Fclal ast
ant i ger@Pa¥i ng fragnent thereof.

80. The method of claim 74, wherein the second agent is an anti-
CD28 antibody or an antigen-binding fragment thereof.

81, The method of claim 74, wherein the first agent is an anti-CD3
antibody or an antigen-binding fragment thereof and the second agent is an anti-CD28 antibody
or an antigen-binding fragment thereof.

82. The method of claim 81, wherein the anti-CD3 antibody or

antigen-binding fragment thereof and the anti-CD28 antibody or antigen-binding fragment
thereof are present at a ratio of about 1:1 to about 1: 100.
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77. The nethod of claim 74, wherein the first agent is an antibody or an
anti gen-bi nding fragnent thereof, and the second agent is an antibody or an
antigen- binding fragnent thereof. 78. The method of claim 74, ®%rQ@3A2006
first and the second agents are different antibodies or antigen-binding
fragments thereof. 79. The nethod of claim 74, wherein the first agent is
an anti-CD3 antibody, an anti-CD2 anti body, or an antigen-bi nding fragnment
of an anti-CD3 or snti -TEB2 method i bodsaim 884, TheeietHeodirsdf agehBlin i, antMopzei n

t he sec j n. braantddef t] r.an_ _anti.gen-binding fragnment

t her eof %33&9%% ér?g%eﬁg" @Ph?:q arm srg&a\b\ﬁﬁel'rgé?%n? %%en?i ¥ gga"géoélgp C‘ul;s an anti - CD3
anti body or an antigen-binding fragnent thereof and the second agent is an
anti-CD28 anti bodgs. or Tas aRthogest Riandli 88 Wheeeme tiaiedd . a Shaturdihfgdmat hod
of clai oghherein the anti-CD3 antibody or antigen-binding fragnent

t hereof and the anti-CD28 anti body or antigen-binding fragnent thereof are
present at a. ratio of about 1:1 to about 1: 100. 97 03/03/2006 83. The

nmet hod of clai m 74s. whahemathb&r ddink 84, wABRM thd SardR gsHdiis &3 antibody or an
anti gen-binding fragnent thereof and the second agent 1s a |ligand for CD28.
84. The nethod of claim83, wherein the ligand is a natural |igand for
CD28. 85. The net Bed offhe| aimeli®d, wbfer eclaimt he 7Hat uwbdreih | gaatd ilsasB7. oBd6. The
met hod  @ferfs ah BhtibBdy HMBR BRIgBn-Bihdih meft¥Rredh0eNt s an antibody or an

anti gen-bi ndi ng fragment thereof. 87. The method of claim75, wherein the
first agent is an antibody or an antigen-binding fragnent thereof, and the
second agent is a#7. ant Thodyetbsd a elaini gon-wherekdli thg filsageRtt i her eafibodBs.
The et ¥od I T i he firs .secongd. g e

di ffer eﬂfggﬁnf'ﬁgﬁ'@é’z’gﬁadgﬁﬁ{ 343%1°Ei = {r}?é %‘*P%*S’dnsﬁ%’f i %‘13'%’?@8@”."5%@2“'9%% hod
of cl ai ndng fragmentdhetedthe first agent is an anti-CD3 antibody, an anti-CD2
anti body, or an antigen-binding fragnent of an anti-Cb3 or anti-CD2

anti body. 90. The,et | ai ;m 75 erein . the second agent is an anti -
CD28 anti body or Bn a_m%ggﬁ%t%idn ! g %ms er?“ﬁe&'go%@?ﬁm e 78Mod of

cl ai m 7Ageni@ee diferent ardibediessar apligenbindisg faymentsithe@®8  ant i body or an

anti gen-bi nding fragnent thereof and the second agent is an anti-CD28

anti bod or an ti - bi ndi ragnent thereof. 98
y aSB geﬂne meﬂwoggotr clagm 75, wherein the first agent is an anti-CD3

antibody, an anti-CD2 antibody, or an antigen-binding fragment of an anti-CD3 or anti-CD2
antibody.

90, The method of claim 75, wherein the second agent is an anti-
CD28 antibody or an antigen-binding fragment thereof.

_ 91. The method of claim 75, wherein the first agent is an anti-CD3
antibody or an antigen-binding fragment thereof and the second agent is an anti-CD28 antibody
or an antigen-binding fragment thereof.

98



03/03/2006 92. The nethod of claim91 wherein the third agent is an

anti body or an antigen-binding fragnent thereof. 93. The nethod of claim
92 wherein said third agent is an anti-4- 1 BB anti body or an 03/03/2006
antigen-binding fragnent thereof. 94. A nethod for expanding a popul ation
of T-cells by cell surface noiety ligation, conprising: a providing a
popul ation of cells wherein at |east a portion thereof conprises T-cells;
b. contacting sai d%opullBs inagihasi of efldi Wil t Wwhereisutheadwd whemt eis nas agntibalyr f ace

has at t acdiestidgdndiring ragridnt Gtreggent that ligates a first cell surface
noi ety of a T-cell, and the sane or a second surface has attached thereto

a second agent that ligates a second noiety of said T-cell, wherein said
ligation by the fif?st af gJuallmdd chgeziin i98dwbesinpsalli fhird atgenh iof as aanti-4-

T-cel |'; ¢BB &ftbbd W AYartigs-BdingMabllert Blebopur f ace for a period of time of
about between 0 and 5 days, seeding said population of cells at a

concentration of between about 0.2 X 106 and 5.0 X 106 cells/m in a
cl osed system conp¥i si nfy améthspposédnl e ekpandiegict ar Ilpagutationpr bSi NDcélk | egst

one i nl efe)kitdc& Mo Hg 08 OQH?rlisﬁ%: filter; d. perfusing mediumthrough said
cl osed systemat about 1 ml/mnute; e. rocking said bioreactor bag on a

rocking platform & ab8{pidisg popopylatiog qficslip whereip @t (sRgrpartionatheredl cel | s
expand tomgiseohcalnt rati on of about between 15 X 106 cells/m to about 90 X

106 cells/m in | gss t B&ﬁ'acﬁ%oégld {)gbglaﬁ\&eclﬁsc'e!lsg\%ith a surface, wherein said surface has
attached thereto a first agent that ligates a first cell surface moiety of a T-cell, and the same or a
second surface has aftached thereto a second agent that ligates a second moiety of said T-cell,
wherein said ligation by the first and second agent induces proliferation of said T-cell;

c. following contact with said surface for a period of time of about between 0
and 5 days, seeding said population of cells at a concentration of between about 0.2 X 10° and
5.0 X 10° cells/m! in a closed system comprising a disposable bioreactor bag comprising at least
one inlet filter and one outlet filter;

d. perfusing medium through said closed system at about 1 mi/minute;

_ e rocking said bioreactor bag on a rocking platform at about 5-15

rocks/minute;

and wherein said T cells expand fo a concentration of about between 15 X 10°
celis/ml to about 90 X 10° cells/ml in less than about two weeks.
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