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20 FIELD OF THE INVENTION

Methods and compositions for adoptive immunotherapy are
provided. In particular, methods for the re-activation of rested primed T-
cells prior to infusion, such as for use in adoptive immunotherapy
treatments are provided.

25 BACKGROUND

The immune system is designed to eradicate a large number of
pathogens, as well as tumors, with minimal immunopathology. When the
immune system becomes defective, however, numerous disease states

result. Immunotherapy is an emerging treatment modality that seeks to



result. I mmunotherapy is an energing treatnent nodality that seeks to WO
03/ 077658 PCT/ US02/ 29520 -2 harness the power of the human i nmune system
to treat wWoI8ms®ms8 | nmunot herapy seeks to either enhance Plog/tiSomegseo
response in diseases. characterized by inmunosuppression or suppress the

| mmune response in subjects with diseases characterized by an overactive
| mmune response. 5 One i mmunot herapy nethod is a type of cell therapy
cal | ed adoptive i mmunotherapy. A cell therapy is a drug whose active
ingredient is wholly or in part a living,cell. Adoptive inmunotherapy is a
cell therapy that involves the renoval of immune cells froma subject, the
ex-Vvivo processing (i.e., activation, purification and/or expansion of the
10 cells) and the sHbsequen sion of the resulting cel|s back into the
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Examples of adoptive immunotherapy include methods for
producing and using LAK cells (Rosenberg U.S. Patent No. 4,690,915),
TIL cells (Rosenberg U.S. Patent No. 5,126,132), cytotoxic T-cells (Cai,
15 et al U.S. Pétent No. 6,255,073; Celis, et al. U.S. Patent No.
5,846,827), expanded tumor draining lymph node cells (Terman U.S.
Patent No. 6,251,385), various preparations of lymphocytes (Bell, et al
US Pat No 6,194,207; Ochoa, et al. US Pat No 5,443,983; Riddell, et al.
U.S. Patent No. 6,040,180; Babbitt, et al. U.S. Patent No. 5,766,920;
20 Bolton U.S. Patent No. 6,204,058), CD8+ TIL cells (Figlin et al. (1997)
Journal of Urology 158:740), CD4 + T-cells activated with anti-CD3
monoclonal antibody in the presence of IL-2 (Nishimura (1992) J.
Immunol. i48:285), T-cells co-activated with anti-CD3 and anti-CD28 in
the presence of IL-2 (Garlie et al. (1999) Journal of Immunotherapy
25 22:336), antigen-specific CD8 + CTL T-cells produced ex-vivo and
expanded with anti-CD3 and anti-CD28 monoclonal antibodies (mAb) in
the presence of IL-2 (Oelke et al. (2000) Clinical Cancer Research
6:7997), and the first injection of irradiated autologous tumor cells

admixed with Bacille Calmette-Guérin (BCG) to vaccinate subjects



6: 1997), and the first injection of irradiated autol ogous tunor cells
adm xed with Bacille Calnette-CGuerin (BCG to vaccinate subjects WO

03/ 077658WB@3hUss®/ 29520 -3 foll owed seven days | at er byPCeasoreyp20f

drai ning I'ynph node T-cells which are activated with anti-CD3 mAb fol | owed
by expansion in IL-2 (Chang et al. (1997) Journal of Cdinical Oncol ogy
15.796). Adoptive i mmunot herapy treatnents have infrequent and sporadic 5
ef fi cacy. Protocols that require conconmtant infusion of IL-2 or other

cyt oki nes are associated with high toxicify. The reasons for the

i nfrequent and sporadic efficacy of thes& treatnents are not clearly
understood. There is a need to identify and sol ve these problens in order
to increase e efficacy of adoptive imunotherapy protocols._10
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10 Accordingly, it is an object herein to identify such problems and to solve
them.
SUMMARY
It is shown herein that a problem encountered in immunotherapy
protocols is that by the time the cells intended for therapy are
15 administered, they exhibit diminished cytokine production and viability.
Provided herein is a solution to this problem as well as the problem of
suppressed cytokine production from T-cells activated in a tumor
microenvironment. Hence provided herein are methods for solving
these problems, and also methods and compositions for adoptive
20 immunotherapy. It is found that these methods not only solve the
problems, but improve the efficacy of any T-cells for adoptive
immunotherapy.
Also provided is a method that results in enhanced cytokine
production from cells in a variety of environments, including
25 immunosuppressive environments, such as tumor microenvironments. The
method involves: (1) exposing a composition containing T-cells to one or
more ex-vivo activation cycles; (2) removing the T-cells from the

activation stimulus for at least 24 hours, generally at least 48-72 hours,

generally 72-120 hours; and (3) re-activating the T-cells within 24 hours



nore ex-vivo activation cycles; (2) renoving the T-cells fromthe
activation stinulus for at |least 24 hours, generally at |east 48-72 hours,
gener al | ywo23026s$ours; and (3) re-activating the T-cel | sPairtuson2940 hour s
WO 03/ 077658 PCT/ US02/ 29520 -4 prior to infusion, generally within 4 hours
prior to infusion, particularly wthin 1 hour prior to infusion. The
T-cells include any conpositions of cells that have been prepared, such as
conpositions of Th 1 cells prepared as described herein and in co-pending
U S. application Serial Nos. 5 10/071,01¢ and 09/957,194, and in

| nt ernati onal PCT application No. PCT/US02/ xxxx (attorney Docket No.
24731-504PC), filed the sane day herewith. Al so provided are nethods for

enhanci ng the cytoki ne production of T-cells intended for use in adoptive
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and t he subsequent re- activation of thé prine prior to
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material, the resting of the primed T-cells and the subsequent re-
activation of the primed T-cells just prior to infusion into a patient. Any
method for activation and reactivation can be used, including, but not
limited to, exposing the T-cells to antigens in the context of MHCI or

15 MHCII molecules, superantigens, combinations of primary and co-
stimulatory activation compounds, polyclonal activating compounds,
mitogenic monoclonal antibodies, autologous or allogeneic antigen
presenting cells alone or in combination with antigens, as well as
allogeneic peripheral blood mononuclear cells and allogeneic lymphocytes.

20 In one embodiment, the T-cells are allowed to rest by removing
them from an activation stimulus for at least 48-72 hours, typically at
least about 72-120 hours, and then reactivating the cells prior to infusion
by labeling the cells, for example, with mitogenic mAbs, such as soluble
anti-CD3 and anti-CD28 mAbs and then mixing the labeled cells with

25 autologous mononuclear cells that are optionally enhanced in monocytes
and granulocytes.

The autologous mononuclear cells act by immobilizing the
mitogenic mAbs on the cells, providing an activation stimulus.  The

mixture of cells is then suspended, for example, in infusion medium (e.g.,



and granul ocytes. The autol ogous nononucl ear cells act by i mobilizing the
m togenic mAbs on the cells, providing an activation stimulus. - The

m xture oWomali®s$ s t hen suspended, for exanple, in infusipom/usezizasee (e.qg.,
WO 03/ 077658 PCT/ US02/ 29520 -5 isotonic solutions such as normal sali ne,
5% dextrose, Plasma-Lyte (Baxter) and Normasol (Abbott) or, as provided
herein, m xed wth autol ogous plasma, and infused into a patient within 24
hours, generally wthin 4 hours, generally within about 1 hour. If
infusion nmediumis used, 5 it is optionaLly supplenented with cal ci um
chloride as needed for proper T-cell activation. In one enbodinent, the
T-cells are labeled (i.e., contacted) with anti-CD3 and anti-CD28 mAbs and

cryopreserved until ready for use. Just prior to infusjion, the cells are
thawed and nPRENIGisCHHIESHICTDARMOSMEH SN e WaPREFEEE sPIgsBIEYte This type
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continue to produce cytokioﬁes in an enYIi r onnent g%gat simul ates the 20
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i mrune responses agal nst tunors. | mrunosuppressive cytokines, such as
| L- 10 and TGRudigirigr tohifusioa, phedeliedrdyhawedrand texelwitnfrephr al yze pri ned

cells and represent a j or obstacle in _gancer
’?0 utologous leﬁﬁj pf;erems prod%ct. is type of procedure can be

conducted under FDA-mandated Good Manufacturing Practices using, for
example the Cell Therapy system described in co-pending U.S. provisional
application Serial No. 60/322,626, filed September 17, 2001.
It was found that cells taken off an activation stimulus for about
15 48-120 hours, generally 72 -120 hours, and reactivated just prior to
infusion produce significantly more cytokines than the same cells
produced while on or exposed to the activation stimulus.
It was further found herein that cells reactivated ex-vivo continue
to produce cytokines in an environment that simulates the
20 immunosuppressive mfcroenvironment of a tumor lesion. This is
important as the cytokine repertoire at the tumor site is a determinant for
successful immune responses against tumors. Immunosuppressive
cytokines, such as IL-10 and TGF-beta, that are produced by tumors
target and paralyze primed cells and represent a major obstacle in cancer
25 immunotherapy of tumor-bearing hosts. Use of cells reactivated as
described herein overcome this obstacle.
Thus, methods that results in extended viability and sustained
cytokine production of T-cells formulated for use in adoptive

immunotherapy is provided. One method is a method formulation. The



25 i mmunot her apy of tunor-bearing hosts. Use of cells reactivated as
described herein overcone this obstacle. Thus, nethods that results in

ext ended wpabioriesy and sustai ned cytokine production of Pcwalshx24500 mul at ed
for use in adoptive immunotherapy is provided. One nethod is a nethod
formul ati on. The WO 03/077658 PCT/ US02/ 29520 -6 cells are fornmulated in
aut ol ogous plasma and i nfused within about 48 hours. To fornmul ate the
cells, T-cells that have been prinmed and rested are mxed wth autol ogous
pl asma after harvest fromex-vivo culture mediumand prior to re-infusion
into the subject. In another, the cells are 5 reactivated, such as by
contacting themwth immbilized actlvatlng ant i bodi es forrrul ated in

i nfusi on nedi era |s are forrmulated at a density of at
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conposi tions, of fornulated T-cells inte in ado
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provi ded. Anong the conpositions are: (1) ex-vivo activated, prinmed
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autologous plasma or other suitable medium. Generally the cells are at
densities suitable for immunotherapy, Also provided are compositions of
cells suspended in autologous plasma. The reactivated T-cells are
suspended in the plasma, or other suitable medium, at densities of at
15 least about 10° cells per ml or 107 cells per ml or 102 cells per mi or 10°
cells per ml or 10'° cells per ml or higher.

Thus, compositions of formulated T-cells intended for use in
adoptive immunotherapy that provide enhanced cytokine production and
are capable of producing pro-inflammatory cytokines in a tumor

20 microenvironment are provided. Among the compositions are: (1) ex-vivo
activated, primed T-cells labeled (i.e., bound) with mitogenic monoclonal
antibodies {(mAbs) mixed with peripheral blood monocytes (PBMC); (2) ex-
vivo activated, brimed T-cells labeled with mitogenic mAbs mixed with a
composition of autologous cells enriched in cells bearing Fc receptors;

25 and (3) ex-vivo activated, primed T-cells labeled with mitogenic
monoclonal antibodies (mAbs) mixed with allogeneic or autologous
professional antigen presenting cells (APC), such as dendritic cells, B-cells

or macrophages.



conposi tion of autol ogous cells enriched in cells bearing Fc receptors; 25
and (3) ex-vivo activated, prined T-cells |abeled with mtogenic

nonocl onaWvoanni1sesli es (mMAbs) m xed with al |l ogenei c or aut @CPJS0%29520

prof essional antigen presenting cells (APC), such as dendritic cells,
B-cells or macrophages. WO 03/077658 PCT/ US02/ 29520 -7 Cells are
generally fornulated in autol ogous plasma in order to avoid any adverse
ef fects of infusion nmediumand are re-activated. Alternatively, for
reactivation or reactivated cells are forjrulated in an infusion nedium
such as a conmmercial nediumi.e., Plasma-Lyte 5 (Baxter), other nmedium
such as such as normal saline and 5% dextrose that has been suppl enent ed

wi th cal cium chl ori ﬁe. For mul tifon c?n be performed at the patient
bedsi de. In certaFRlIesFRdeReR!Y, formuilated i gftalogossplasmat BRIt 8P n 4 hours

of infusion; {58 MESHTE e éﬁe%t%}a/dﬁilg?%oﬁ‘?ﬂgﬁgwgﬂgéfgﬁﬁ%lt%g e and ot her

condi tions and can ‘be enpirica et erm ned. | PTION A
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used herein_?ame t he sane aning as is conmmonly understood by one of 15
ordi nary ski INfUsignirRedising. sUchAs encemawiclahyeedilBhendiiasga-LAte pat ent s,
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t hroughout the disclosure hereln are incorporate y reference In their
entirety. Asthasdthshieeen supplkenteritednajtly datciammehlooideof Férmedatientcainnvel vi ng
the 20 administration live Adoptive i nmunot herapy is _a treatnent
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depend upon the cell type and other conditions and can be empirically
10 determined.
DETAILED DESCRIPTION
A. Definitions
Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as is commonly understood by one of
15 ordinary skill in the art to which these inventions belong. All patents,
applications, published applications and other publications referred to
throughout the disclosure herein are incorporated by reference in their
entirety.
As used herein, cell therapy is a method of treatment involving the
20 administration of live cells. Adoptive immunotherapy is a treatment
process involving removal of cells from a subject, the processing of the
cells in some manner ex-vivo and the infusion of the processed cells into
the same or different subject as a therapy.
As used herein, source biological material is the population of cells
25 that are collected from a subject for further processing into an adoptive
immunotherapy. Source material generally is mononuclear cells collected,
for example, by leukapheresis.
As used herein, a composition containing "purified cells" means

that at least 50%, typically at least 70%, of the cells in the composition



As used herein, source biological material is the population of cells 25
that are collected froma subject for further processing into an adoptive

i mmunot heway/07%6%ir ce material generally is nononucl ear ceCraSevtdsect ed,
for exanple, by |eukapheresis. As used herein, a conposition containing
"purified cells" nmeans that at |east 50% typically at |east 70% of the
cells in the conposition WO 03/077658 PCT/ US02/ 29520 -8 are of the
identified type. For exanple, a conposition containing purified CD4+ cells
is a conposition in which at |east 50% of, the cells in the conpositions

are CD4+. As used herein, infusion nedi ur%'i S an isotonic solution suitable
for 5 intravenous infusion. Any such nedium known to those of skill in the
art can be used, Exapples of infusion nmediuminclude, but are not |imted
to, normal 3% PhEg @Fﬁ%fd’@ﬁtr’g‘%’e%ﬁ‘?\%r RFAGPPSHIQNeeRiiNING AMTHED vt e
and Nor nosol d e ial |y -aval | (o) i knonw
to one of skFﬁa#ﬁlﬁgg%r%éﬁ§g’g§@%u@e %hcg]rgL@ggﬁﬁgﬂeo%eégﬁgn%?gen
presenti ng cebinpoéitie@s arencDdde. dendritic cells, B-cells and macrophages.
As used herein, fornmulating.far_infusion is, the process of renpving, or
harvesting the ce'g%‘ste 'B"er%ﬂbéaf‘fsrﬁo%% M!S %ﬂ%ﬁf’ﬂ@r%‘ﬂ?“??&%‘@bl%mﬁure
envi ronnegt, kAR au@sﬁﬂh&,%n.' Wn8seth RediGRNEREWVhA fHibsBNSk £I8I1 T 154 SPENI Ng
the cells i nmi nf ugi on nedi um orn in pl asms{ as prov?t?egg)ﬁerei n. %is %?gg
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Suppor {1 ng - RETORIAANEs 0151 g BshckixtEiie (IS T iseshis WActaie. o Pan. cel | <
20 ex-vivo. &w_m%m@hwﬂwemrt&rﬁn@&aﬂ{, a¥ilhblel Meditfn BF ImedispiTP! €S of
cul ture nediuminclude, but are not limted to, X-Vivo 1%‘?’?& 0V$1| ttaker),
RPM 1640, OChEmwHanore BfzkilMnGhesaBA and Medi um 199. The
10 As used herein, a professional antigen presenting cells (APC)
include dendritic cells, B-cells and macrophages.
As used herein, formulating for infusion is the process of removing
or harvesting the cells to be used in adoptive immunotherapy from a
culture environment, then subsequently: washing, concentrating and re-
15 suspending the cells in infusion medium or in plasma as provided herein.
As used herein, peripheral blood monocytes (PBMC) include
autologous and allogeneic cells.
As used herein, culture medium is any medium suitable for
supporting the viability, growth, and/or differentiation of mammalian cells
20 ex-vivo. Any such medium known to those of skill in the art. Examples of
culture medium include, but are not limited to, X-Vivo15 (BioWhittaker),
RPMI 1640, DMEM, Ham’s F12, McCoys 5A and Medium 199. The
medium can be supplemented with additional ingredients including serum,
serum proteins, growth suppressing, and growth promoting substances,
25 such as mitogenic monoclonal antibodies and selective agents for
selecting genetically engineered or modified cells.
As used herein, an immunosuppressive tumor environment is the
microenvironment created by cytokine production from tumor cells and

infiltrating mononuclear cells. The sum total of cytokines create an



medi um can be suppl enented wth additional ingredients including serum
serum proteins, growth suppressing, and growth pronoting substances, 25
such as mvDegemiess nonocl onal anti bodi es and sel ective agem®C3/1s02/2958€! ect i ng
genetically engineered or nodified cells. As used herein, an

I Mmunosuppr essive tunor environment is the mcroenvironnent created by
cytoki ne production fromtunor cells and infiltrating nononucl ear cells.
The sumtotal of cytokines create an WO 03/077658 PCT/US02/29520 -9
environnment that is capable of SUppFESSIEﬁ the effector functions of

i mmune cells. Exanples of inmunosuppressive cytokines in a tunor

m croenvironnent include IL-10 and TG--beta. As used herein, a resting

T-cell nmeans a . T-cell that is n dividing .5 qr oduci n t oki_nes
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results |n a casca of "events I'ng to division cyt oki ne
producti on. ridroaa} Eds“feamm;sar@dntob@cm\ehaadl'lf-netﬂs pdprokinpatedy N2-15f or
exanpl e, by virtue of their expression of CD25. Cells that express the
I L-2 recept dMqr@PBE) are referred to herein as "activated". A pure or
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of cells thaprewcmslyc@lcwatwblaf Ie@rst@nsalqwbt\% beehuemmedpirooetis ng i nto an
adopt i Ve10 activation stimulus for at least 48 hours. Primed T-cells usually have a
memory phenotype.

As used herein, an activated T-cell is a T-cell that has received at
least two mitogenic signals. As a result of activation, a T-cell will flux
calcium which results in a cascade of events leading to division and

15 cytokine production. Activated T-cells can be identified phenotypically,
for example, by virtue of their expression of CD25. Ceils that express the
IL-2 receptor (CD25) are referred to herein as “activated”. A pure or
highly pure population of activated cells typically express greater than
85% positive for CD25.

20 As used herein, source material is the population of cells that are
collected from a subject for further processing into an adoptive
.immunotherapy. Source material generally is mononuclear cells collected,
for example, by leukapheresis.

As used herein, a cell therapeutic refers to the compositions of

25 cells that are formulated as a drug whose active ingredient is wholly or in
part a living cell.

As used herein, immune cells are the subset of blood cells known

as white blood cells, which include mononuclear cells such as

lymphocytes, monocytes, macrophages and granulocytes.



I mmunot herapy. Source material generally is nononucl ear cells collected,

for exanple, by | eukapheresis. As used herein, a cell therapeutic refers to
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ingredient is wholly or in part aliving cell. As used herein, immune
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I ncl ude nononucl ear cells such as |ynphocytes, nonocytes, nacrophages and
granul ocytes. WD 03/ 077658 PCT/ US02/ 29520 -10 As used herein, T-cells are
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herein, T-cells that produce |IFN ganma, and not upon
virtue of antigens expressed on their cell surface and mediate their effects

10 through cell-to-cell contact. Th1 and Th2 cells are examples of regulatory
cells.

As used herein, effector cells are immune cells that primarily act to
eliminate tumors or pathogens through direct interaction, such as, but not
limited, through phagocytosis, perforin and/or granulozyme secretion and

15 induction of apoptosis. Effector cells generally require the support of
regulatory cells to function and also act as the mediators of delayed type
hypersensitivity reactions and cytotoxic functions. Examples of effector
cells are B lymphocytes, macrophages, cytotoxic lymphocytes, LAK celis,
NK cells and neutrophils.

20 As used herein, T-cells that produce IFN-gamma, and not IL-4 upon
stimulation are referred to as Th1 cells. Cells that produce IL-4, and not

IFN-gamma, are referred to as Th2 cells. A method for identifying Th1
cells in a population of cells is to stain the cells internally for IFN-gamma.
Th2 cells are commonly identified by internal staining for IL-4. In normal

25 (i.e., subjects not exhibiting overt disease) individuals, generally only
about 12 -16% of the CD4 + cells stain positive for internal IFN-gamma
after activatioﬁ; less than 1% stain positive for IFN-gamma prior to
activation. It is rare for a T-cell population to stain greater than 35% IFN-

gamma positive. The cells resulting from a method described herein (and
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descri bed herein (and WO 03/ 077658 PCT/ US02/ 29520 -11 provided in
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expresses greater than 70%, generally greater than 80%, and even
greater than 90% or 95% positive for CD45R0.

As used herein, a cell that has the ability to traffic to a tumor or
other site of inflammation upon infusion, is a T-cell with an activated

15 (CD25+) memory (CD45RO +) phenotype that expresses adhesion
molecules, such as CD44 and does not expresses CD62L. A pure or
highly pure population of memory cells with the ability to traffic to a
tumor or other site of inflammation upon infusion is greater than 70%,
generally greater than 90% or 95% positive for CD44, and less than

20 abou"t 25%, including less than 5%, positive for CD62L.

As used herein, T-cells intended for adoptive immunotherapy refer
to any T-cells that have been treated for use in adoptive immunotherapy.
Examples of such cells include any T-cells prepared for adoptive
immunotherapy and, include but are not limited to, for example Th1 cells

25 (co-pending U.S. application Serial No. 09/957,194), co-stimulated T-
cells (Lums, et al. (2001) J Immunother 25:408), polyclonal and antigen-
specific CTL (Maus et al. (2002) Nat. Biotechnol. 20:143), co-stimulated
CD4 + cells (Levine ef al. (2002) Nat. Med 8:47), CML-specific T-cells
(Muller et al. (2002) J Immunother. 24:482), soluble tumor antigen



20 about 25% including |l ess than 5% positive for CD62L. As used herein,
T-cells intended for adoptive imunotherapy refer to any T-cells that have
been treawed3fomstsise i n adoptive i mmunot herapy. Exanpl esPofi/tsovioseel | s

i nclude any T-cells prepared for adoptive i mmunotherapy and, include but
are not limted to, for exanple Thl cells 25 (co-pending U S. application
Serial No. 09/957,194), co-stimulated T- cells (Luns, et al. (2001) J

| mmunot her 25:408), polyclonal and antigen- specific CIL (Maus et a/.

(2002) Nat. Bi otechno% 20: 143), co-stlnut%ted CD4+ cells (Levine et al.
(2002) Nat. Med 8:47), CVIL-specific T-cells (Miller et a/. (2002) J

| mmunot her. 24:482), soluble tunor antigen WO 03/077658 PCT/U802/29520 -12
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125: 256), CW-specific CIL (Szmania et al 001 ood 15 98:505; Cho et
al . (2001) J98 Iaﬂﬁﬂiotehe\rivomwamd lyanajoln mtdeobéﬂsc(é’llalﬁz qrei &@@1)aCan(:@001) J
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Pat ent No. 5@&@&@8%%@% ef%Panded ) WO Med. 7:1159), pharmacologically-activated
lymph node cells (Bear et al. (2001) Cancer Immunol Immunother.
50:269), gamma-delta T-cells (Chen et al. (2001) Int. Arch. Allergy
Immunol. 125:256), CMV-specific CTL (Szmania et al. (2001) Blood
15 98:505; Cho et al. (2001) J. Immunother. 24:242), activated T-cells
(Chin et al. (2001) J Surg Res 98:108), pre-immunized effector cells
(Morecki et al. (20010 J. Immunother 24:114), cytotoxic T-cells (U.S.
Patent No. 6,255,073; U.S. Patent No. 5,846,827), expanded tumor
draining lymph node cells {U.S. Patent No. 6,251,385), various
20 preparations of lymphocytes {(U.S. Patent No. 6,194,207; U.S. Patent No.
5,443,983; U.S. Patent No. 6,040,180; U.S. Patent No. 5,766,920;
U.S. Patent No. 6,204,058), CD8+ TIL cells (Figlin et al. (1997) Journal
of Urology 7158:740), CD4 + T-cells activated with anti-CD3 monoclonal
antibody in the presence of IL-2 (Nishimura (1992) J. Immunol. 148:285),
25 T-cells co-activated with anti-CD3 and anti-CD28 in the presence ‘of IL-2
(Garlie et al. (1999) Journal of Immunotherapy 22:336), antigen-specific
CD8+ CTL T-cells produced ex-vivo and expanded with anti-CD3 and
anti-CD28 monoclonal antibodies (mAb) in the presence of IL-2 (Oelke et

al. (2000) Clinical Cancer Research 6:71997), and the first injection of



drai ning |ynph node cells (U S. Patent No. 6,251, 385), various 20
preparations of |ynphocytes (U S. Patent No. 6,194, 207; U S. Patent No.

5, 443, 983w0U38776F&at ent No. 6, 040, 180; U.S. Patent No. 5, 7®@6TAB02/2952h S.

Pat ent No. 6,204,058), CD8+ TIL cells (Figlin et al. (1997) Journal of

Urol ogy 158:740), CD4+ T-cells activated with anti-CD3 nonocl onal anti body
in the presence of IL-2 (Nishimura (1992) J. I nmuno/. 148:285), 25 T-cells
co-activated with anti-CD3 and anti-CD28 in the presence of IL-2 (Garlie
et al. (1999) Journal of I mrunotherapy , 336), antigen-specific CD8 + CTL
T-cel |l s produced ex-vivo and expanded with anti-CD3 and anti-CD28

nonocl onal anti bodies (mAb) in the presence of IL-2 (Celke et al. (2000)
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single agent, such as anti-CD3 monoclonal antibody (mAb), anti-CD2
mAb, anti-TCR mAb, PHA, PMA, and other such signals. The second
signal requires one or more agents, such as anti-CD28 mAb, anti-CD40L,
anti-CD99, anti-CD4 mAb, cytokines, feeder cells and other such signals.

15 Thus activaﬁng proteins include combinations of molecules including, but
are not limited to: cell surface protein specific mAbs, fusion proteins
containing ligands for a cell surface protein, or any molecule that
specifically interacts with a cell surface receptor on a T-cell and directly
or indirectly causes that cell to proliferate.

20 As used herein, a mitogenic mAb is an activating protein that is a
monoclonal antibody specific for a T-cell surface expressed protein that
when contacted with a cell directly or indirectly provides one of the at
least two requisite signals for T-cell mitogenesis. Suitable mitogenic
mAbs induce T-cell doubling times of 24 h to 48 h.

25 As used herein, a cytokine is a factor produced from a cell that has
biological activity. A lymphokine is a cytokine produced by lymphocytes.
Interleukins and interferons are examples of lymphokines.

As used herein, exogenous cytokines, refer to cytokines that are

added to a sample or cell preparation. They do not include cytokines
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then the population will contain greater than 70%, generally greater than
80%, 85% and 90-95% of such cells. For uses provided herein, the
cells are generally in a volume of a liter or less, can be 500 mis or less,
even 250 mls or 100 mls or less. Hence the density of the desired cells

15 s typically greater than 10° cells/ml and generally is greater than 107
cells/ml, generally 108 cells/ml or greater. The clinically relevant number
of immune cells can be apportioned into multiple infusions that

- cumulatively equal or exceed 10°, 10'° or 10" cells.
As used herein, a clinically relevant number of activated polyclonal

20 Th1 memory cells is a composition containing a clinically relevant number
or population of immune cells where a substantial portion, greater than at
least about 70%, typically more than 80%, 90%, and 95%, of the
immune cells are activated polyclonal Th1 memory cells.

As used herein, polyclonal means cells derived from two or more

25 cells of different ancestry or genetic constitution. A polyclonal T-cell
population is a population of T-cells that express a mixture of T cell
receptor genes with no one T cell receptor gene dominating the
population of cells.

As used herein, predominant means greater than about 50%.
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excess of 1 ng/m /106 cells and in the range of 1 ng/ to 26 ng/ m per
106 cells, blhisgamfben gneaatltacttdfmhezﬁetengomtepbmlqmeﬁase:lellls thatdissbyised
herein, '?Ocoggjcl)p %tsiso\r/]vn[ E{a?rri Spotsﬂivtemporclﬁpéqggfam-ﬂr.i tI\(?lgeraséuremen’c of secretion
into supernatants controls for this artifact. The amount of IFN-gamma
detected by ELISA is generally in excess of 1 ng/ml/10° cells and in the
range of 1 ng/ml to 26 ng/ml per 10° cells, but can be greater than 26
ng/ml per 10° cells.
15 As used herein, a combination refers to two component items,
such as compositions or mixtures, that are intended for use either
together or sequentially. The combination may be provided as a mixture
of the components or as separate components packaged or provided
together, such as in a kit.
20 As used herein, colloidal size beads are particles of a size that form
a colloid upon mixing with a liquid, such as an aqueous composition.
Such particles typically have an a size where the largest dimension is
about 0.01 to 2 microns. For purposes herein, it refers to the size of the
particles produced in the method of Example 1G.
25 As used herein, effector cells are mononuclear cells that have the
ability to directly eliminate pathogens or tumor cells. Such cells include,
but are not limited to, LAK cells, MAK cells and other mononuclear phag-

ocytes, TlLs, CTLs and antibody-producing B cells and other such cells.
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a size that form a colloid upon mxing wwth a liquid, such as an aqueous
conposition. Such particles typically have an a size where the | argest
dimension is about 0.01 to 2 mcrons. For purposes herein, it refers to
the size of the particles produced int met hod of Exanple 1G 25 As used
herein, effector cells are nononuclear cetls that have the ability to
directly elininate pathogens or tunor cells. Such cells include, but are

not limted to, LAK cells, MAK cells apd ot her m)n%nucl ear ph_ag-v\%yt es,
TILs, CTLs and anffBE8¢-haretudmiguee balanseeders: ethespernaliatios,
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i mmune bal ance refers to restoration to a condition in which treatnent of
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| east 109- 1010 cells. In tion, t osage wi ||l vary dependi ng upon
treat nent sodeferminfsl emnpiricediyd onesecim asdboatmigigtéaring aliguaismftceisxtol®$ up
p to about 5
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amount s adm QifinRk&d Generally a first dosage will be at least 10%-10"° cells. In
addition, the dosage will vary depending upon treatment sought. As
intended herein, about 10° is from about 5 x 10% up to about 5 x 10°%;
similarly about 10"° is from about 5 x 10° up to about 5 x 10'°, and so on
15 for each order of magnitude. Dosages refer to the amounts administered
in one or in several infusions.
As used herein, therapeutically effective refers to an amount of
cells that is sufficient to ameliorate, or in some manner reduce the
symptoms associated with a disease. When used with reference to a
20 method, the method is sufficiently effective to ameliorate, or in some
manner reduce the symptoms associated with a disease.
| As used herein, a subject is a mammal, typically a human, including
patients.
As used herein, mononuclear or lymphoid cells (the terms are used
25 interchangeably) include lymphocytes, macrophages, and monocytes that
are derived from any tissue or body fluid in which such cells are present.
In general lymphoid cells are removed from an individual who is to be

treated. The lymphoid cells may be derived from a tumor, peripheral



in one or in several infusions. As used herein, therapeutically effective
refers to an amount of «cells that is sufficient to aneliorate, or in sone
manner rew0®a/0t1e68 synptons associated with a di sease. \WheaToSez2952G h
reference to a 20 nethod, the nethod is sufficiently effective to
aneliorate, or in some nmanner reduce the synptons associated with a

di sease. As used herein, a subject is a mammal, typically a human,
including patients. As used herein, nononuclear or |ynphoid cells (the
terms are used 25 interchangeably) include |ynphocytes, nmacrophages, and
nonocytes that are derived fromany tissue or body fluid in which such

cells are present. In general |ynphoid cells are renoved from an
i ndi vi dual V\$:0|sto e .treated. The | hodcellsd(;raé erived .froma
tunor, perip 'QPQ& 0!7\8" Q) Hy56ss HER %5 nodes ) 'eeBr 8t fePiPssues,

such as the } ? dgieen that contain or produce |ynphoid cells.
As used hereln a therapeut |caIIy effective nunber is a clinically

r el evant nunber oAsiusedneeredal, | = thérapeuticalty EHastive ufuinnloereinta tliniasly eve a 5
desired thera eutlc ef ect . .when sucrSe ell.s are use L cul ar

method. Typ! CAPYAMUERORLABEPM P G 15 68 12t GEREPAIPFCIING Br  nore.
The precige 8ﬁmﬁitl¥érbbelﬁiﬁ PSR PRMSuGPELId ¥R=,eu§é’@| m%&.emar' nt ended

target or result and can be determned enpirically. As used herein, a
di sease charaetleod.z dypisally $wdtk nombEnlis ey tleditnk0®, ]amlobgememtly 1fers to a
state, disease orﬁ}?nndltlonv\h re t ealeq_‘cﬁralc

cyt nes,in a
speci fic ni cP9&Rvi MEWRESHSS AUERST Byydeh uaon ﬂstyp&an“t?/@f’etﬁrecal ly is
l'ess than t hgandedtargkt Bmegm kNS Bé%%‘%@i‘mi‘h‘éﬂ@ht%eaﬁ?und in such
m croenvironnment or systemcally (Le., in the subjec anot her such
subj ect prior to Aasseddiersircia dissee ahiasecissized byoadack ohYh11dytokime
cytoki ne,?ot Oaghw ] re#eps(:ltg%estlafel\l_&seasé olr Iéorz'ndltlon w g’r:e Qﬁe alge-ll_)ralc sum of
cytokines in a specific microenvironment in the body or in a lesion(s) or
systemically is less than the amount of Th1 cytokines present normally
found in such microenvironment or systemically (i.e., in the subject or
another such subject prior to onset of such state, disease or condition).
15 The cytokines to assess include IFN-gamma, IL-2, and TNF-beta. The
precise amounts and cytokines to assess depend upon the particular
state, disease or condition. Thus, the diseases for which the cells have
therapeutic application include, but are not limited to, cancer, infectious
diseases, allergic diseases and diseases characterized by overactive

20 humoral immunity (such as in systemic lupus erythematosus).

As used herein, diseases characterized by a Th2-dominated immune
response are characterized by either a suppressed cellular immune
response or excessive humoral response.

As used herein, a disease characterized by an excess of Th2

25 cytokine activity refers to a state, disease or condition where the
algebraic sum of cytokines in a specific microenvironment in the body or
in a lesion(s) or systemically is predominantly of the Th2 type, dominated
by IL-4 and/or IL-10 and/or TGF-beta. Diseases, states or conditions that

exhibit enhanced Th2 responses include infectious diseases such as, but



preci se anounts and cytokines to assess depend upon the particular state,
di sease or condition. Thus, the diseases for which the cells have

t her apeutwo oappiéseat i on i nclude, but are not limted to, @amasp2/295af ecti ous
di seases, allergic diseases and di seases characterized by overactive 20
hunoral immunity (such as in system c |upus erythematosus). As used herein,
di seases characterized by a Th2-dom nated i nmune response are
characterized by either a suppressed cellular inmune response or excessive
hunoral response. As used herein, a dis e characterized by an excess of
Th2 25 cytokine activity refers to a stdate, disease or condition where the
al gebraic sum of cytokines in a specific mcroenvironnent in the body or

in a lesion(s) or systemcally .is predo 'nanth of , the Th2 type, dom nated
by IL-4 and/®€ nqt-loitaddpoFhretic fiaratitip; s piyiadr fesqté)ﬂ’ezeQIPSMondi tions that
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i nfection, |lepuwsyn astxoplashhpus amd ethérodiseaxksAlHaS.exhillialsappresisadf avor  of
Th2 cells alsg occurs jn asthnma and | upus and ot her diseases that exhibit

suppressed U5 IMMURini ty. 5 As used herein, treatment means any nanner

| n whi ch ghe  synpl 0By eyregegréigthm{;}mgsﬁ@aﬁwgﬁn&i RORPRoIRMR amel i or at ed

or ot herw se bene%l ci al ere eat ment " al so enconpasses any
phar maceut i calmpitsens of a benditioppsdiddrdesohdiseiane afs ansabrardconptterwasei ne

cancer o othrelinalbr alprad { AT TG PSOMPARRS PRY GHATBRoeLHREE SO
ot her disor ch’FthePi&r%B%it%s it a viral infection, cancer or other
di sorder will erther conpletely prevent infection or the tunor or other
di sorder or will Asdised hdveirseveactipeds adeorapositioofthiahipeevides protagtion or
other di ’F(?r da(lag;rairi1£t aSl\J/ti)rSa?ﬂwqug’EigX, icglflggrt grdot reracfiéérid%tr %g tygattrq\etnr%%or a viral
infection, cancer or other disorder. Protection against a viral infection,
cancer or other disorder will either completely prevent infection or the
tumor or other disorder or will reduce the severity or duration of infection,
tumor or other disorder if subsequently infected or afflicted with the
15 disorder. Treatment will cause an amelioration in one or more symptoms
or a decrease in severity or duration. For purposes herein, a vaccine
results from co-infusion (either sequentially or simultaneously) of an
antigen and a composition of cells produced by the methods herein.
As used herein, amelioration of the symptoms of a particular
20 disorder by administration of a particular}composition refers to any
lessening, whether permanent or temporéry, lasting or transient that can
be attributed to or associated with administration of the composition.
As used herein, substantially pure means sufficiently homogeneous
to appear free of readily detectable impurities as determined by standard
25 methods of analysis, such as flow cytometry, used by those of skili in the
art to assess such purity, or sufficiently pure such that further purification
would not detectably alter the physical and chemical properties, such as
biological activities, of the substance. Methods for purification of the

immune cells to produce substantially pure populations are known to



15 disorder. Treatnent will cause an anelioration in one or nore synptons
or a decrease in severity or duration. For purposes herein, a vaccine
resul ts fwomsoorwshf usi on (either sequentially or sinultan@cwaisyd/ 2o an
antigen and a conposition of cells produced by the methods herein. As used
herein, anelioration of the synptons of a particular 20 disorder by

adm nistration of a particular conposition refers to any | essening,
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activity of such cells, conpositions and m xtures. 10 Although any simlar
or equi val ersuaheceltsd complositions iaaldsmidbrése enpl oyed in the practice of the

et o R, cL Sy SR or A BRI s e e B
employed in the practice of the methods and cells provided herein,
exemplary embodiments are described.

B. Problems with prior methods and solutions provided herein
The efficacy of adoptively transferred T-cells is dependent, in part,

15 on their ability to produce cytokines and chemokines, either systemically
or in or near the disease location. Cytokines and chemokines are
chemical messengers that act to regulate the development and expression
of the broad array of immune responses that are mounted against a
variety of pathogens and tumors. The types, amounts and ratios of

20 cytokines and chemokines produced at a site of inflammation are
determinants of the types of cells which regulate and participate in innate
and adaptive immune responses. The cytokines produced also can act by
directly mediating anti-tumor or antimicrobial effector activities.
Numerous immune cells are responsive to cytokines, including dendritic

25 cells, macrophages and other antigen-presenting cells, T cells and B cells.
Accordingly, in order to optimize the effectiveness of adoptive
immunotherapy protocols, it is essential to optimize the amounts and

types of cytokines produced by the cells used as therapy.



The efficacy of adoptively transferred T-cells is dependent, in part, 15
on their ability to produce cytoki nes and chenoki nes, either systemcally
or in or weas/ttes di sease | ocati on. Cytoki nes and chenoki mes/tsor295ehen cal
nmessengers that act to regul ate the devel opnent and expression of the
broad array of inmmune responses that are nounted against a variety of

pat hogens and tunors. The types, anounts and ratios of 20 cytokines and
chenoki nes produced at a site of inflammtion are determ nants of the
types of cells which regulate and partiﬁi bate in innate and adaptive

i mmune responses. The cytoki nes produced al so can act by directly

medi ating anti-tunor or antimcrobial effector activities. Nunmerous inmune

cells are responsjve to, cytokines, . including dendritic, 25 cells,
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loss of viability. This can be solved by formulating the cells in autologous

plasma. Cells formulated in autologous plasma can be stored for 48 h

prior to infusion without loss of viability.

15 As described herein, prior methods for formulating T-cells for use in
adoptive immunotherapy result in compositions of cells that are primed for
cytokine production, but do not produce significant amounts of cytokines.
These primed cells require in vivo activation in order to produce
cytokines. It is also shown herein that primed T-cells do not produce pro-

20 inflammatory cytokines when activated in an environment that simulates
the immunosuppressive microenvironment found in tumors. This may be
another reason to explain the low efficacy of prior methods and
compositions.

Thus, problems that limit the efficacy of adoptive immunotherapy

25 protocols are identified herein. These problems include: (1) cells

suspended in infusion medium rapidly lose viability and the ability to

produce cytokines; (2) cytokine production from cells processed for

adoptive immunotherapy wanes in time; and (3) cells processed for

'



prior to infusion without |loss of viability. 15 As described herein, prior
nmet hods for fornulating T-cells for use in adoptive inmunotherapy result
i n conposwoiodng’esd cells that are prined for cytokine predxatsSomens2but do
not produce significant amounts of cytokines. These prinmed cells require
In vivo activation in order to produce cytokines. It is also shown herein
that prined T-cells do not produce pro- 20 inflammatory cytoki nes when
activated in an environnent that sinulates the inmunosuppressive

m croenvironment found in tumors. This nmgy_be another reason to explain
the | ow efficacy of prior nethods and conpositions. Thus, problens that
limt the efficacy of adoptive i munotherapy 25 protocols are identified
herein. These problens include: (1) cells suspended in infusion nmedju
Faptdly 1 oseaybatire FnUTRInEBY. AP ol proguss ENGARECR A sk RGO Ki ne
production fepmiseld theprmsetobissivadaniiofmbATURAlIMGRY wanes in time,
and (3) cells processed for WO 03/077658 PCT/ US02/ 29520 -21 adoptive
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i nvol ve renovi ng source biological material froma patient, processing the
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cells are fognul at ed first harvesti th fromag culture di, um whi ch
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f or nul at i on, gtaptic apdymaindenancesaf ithe cel\orand gherrRvashing endaor@easiadinoyt e A
fj? ?ﬂ g;zjflO.tl).ﬁﬂﬁalﬁ%lﬁ)ﬁsirg%/orﬂgéllurrﬁ)%%dicnon\letn%rr s(\)/rste@ﬁn&?tgb% Jfoarcitn Ltjseior(lz.a nSuqFable
infusion medium can be any isotonic medium formulation, typically
normal saline, Normosol R (Abbott) or Plasma-Lyte A (Baxter), but also
5% dextrose in water or Ringer’s lactate can be utilized. The infusion
medium is often supplemented with human serum albumen.
15 The FDA considers the cells in adoptive immunotherapy products to
be a “drug” as that term is defined under 21 United States Code (USC)
321(g). As a drug, adoptive immunotherapy products must be
manufactured under Good Manufacturing Practices (GMP). Part of these
GMP requirements are the testing of each lot of cells used in the adoptive
20 immunotherapy protocols, including analysis of cell yield, viability,
function (including cytokine production), purity and sterility.

It was determined herein that prior protocols for testing lots of cells
are flawed. The samples of cells taken for GMP testing and analysis are
generally removed prior to the formulation step, thus the cells are

25 sampled from cells incubated in culture medium and not infusion medium.
Since it is the cells that are in the infusion medium which are delivered to
the patient and not the cells in culture medium, the testing of cells from
culture medium will fail to detect any changes in the cells which may

have occurred while being suspended in infusion medium.
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the more rapid the loss in viability. The higher the temperature, the more

rapid the loss of viability. These parameters are rarely, if ever, controlied

in prior adoptive immunotherapy protocols.

15 The determination of the types and amounts of cytokine production
from cells is a standard test for predicting the function of cells used in
adoptive immunotherapy treatments. The production of cytokines is also
generally determined from cell samples derived from culture medium and
not infusion medium. Further, the sampled cells, when tested for

20 cytokine production capability, are generally activated ex-vivo in culture
medium for this determination because harvested cells do not
constitutively produce cytokines (see for example, Lum et al. (2001) J
Immunother 24:408,413). This testing method does not reflect the
status of the cells actually infused.

25 It was also found that even cells prepared according to the
methods described in described in co-pending U.S. application Serial No.
09/957,194 that constitutively produced cytokines when harvested from
culture medium ceased to produce cytokines after suspension in typical

infusion medium within 24 hours. Since cells processed for use in
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they produce. Th1 cells produce IFN-gamma and promote cell-mediated
immune responses and viral neutralizing antibody responses of the IgG2a
isotype, while Th2 cells produce IL-4 and stimulate B-cell proliferation and
differentiation promoting predominantly IgG1 and IgE antibody production.

15 There are a variety of methods for producing cells for adoptive
immunotherapy. For example, co-pending U.S. application Serial Nos.
U.S. applications Serial Nos. 08/700,565, 09/127,411, 09/127,142,
09/127,138, 09/127,141, 09/824,906, and International PCT application
No. WO 97/05239 provide methods for producing compositions

20 containing clinically relevant numbers of T-cells, and co-pending U.S.
application Serial No. 09/957,194, provides methods for preparation of
highly pure compositions of Th1 cells and the resulting compositions.
Briefly, U.S. application Serial No. 09/957,194 provides a method for
producing substantially pure compositions of Th1 cells by collecting

25 source material from a subject; purifying T-cells from the source material;
and stimulating or activating the T-cells a minimum of 3 times at 2-4 day
intervals, such as by contacting the cell with immobilized anti-CD3 and
anti-CD28 mAb. The frequency of the restimulation must be every 2-3

days and the restimulation must be repeated at least 3 and typically 4



i mmune responses and viral neutralizing antibody responses of the |Ig&a
isotype, while Th2 cells produce IL-4 and stinulate B-cell proliferation
and di f fwpenw7mss on pronoting predom nantly | gGl and | gEPamttisbnzhs20
production. 15 There are a variety of nmethods for producing cells for
adoptive i mmunot herapy. For exanple, co-pending U S. application Serial
Nos. U.S. applications Serial Nos. 08/ 700,565, 09/127,411, 09/127, 142,
09/ 127,138, 09/127,141, 09/824,906, and International PCT application No.
WO 97/ 05239 provide nethods for produci conpositions 20 containing
clinically relevant nunbers of T-cells, “ahd co-pending U S. application
Serial No. 09/957,194, provides nethods for preparation of highly pure

conpositions of Th 1 cells and the resulting conpositians. Briefl U. S.
appl i cat i on 8BRS 4 ORer tHPYEAMN PoBURs BopdaLox m%@t%%bmn&% Is.
substanti al | 0 Lt Th: || j

material f ro%é;%ﬁf@%%ﬁ%t#ﬁ?g?tﬁ% a]_HC tﬁfgu?er, %pt%ﬁggtfggi Egl@rﬁ% ; and
stimul ati ng raemacy icetisi Mpetdells Breqdrbeessad im thenalbder® e ofresy axogedodsy
intervals, such as by contacting the cell with imobilized anti-CD3 and
anti - CD28 m/1ofiREST r equency of the restinulation nust be every 2-3 days

and the rgestinmul gt i n; t t yod 4
o8 07ese per Usasy Boikded for, fRFBhSthethp| 248 pat a0ed] g@pﬁ’?&eﬂq%lgbdﬁvgi on of

activat ed Thehlinmernupplemkehted withechuesnl sérngn elblunsincan therusbippeldi tghthe pur e
popul ati on of polycJonal  Th nenory cell The cells are processed in the
absence of é?ﬁ}PeéB?ogéﬂ%‘ﬁf.é‘"V&éFEﬁ(lsn@s?éagt éjéf ?of"ﬁldéfﬂ}'eﬁ'of‘bferﬁmﬁln PHEr apy are
packaged, f qt g8 HCInfliSions At ii§ fo SMPPRIRhEH tddal RidbBiig s Iy Hodlbumi n and
then shipped to the patient. Generally there is at |east a 24 hour del ay

from r enoval 4@%otm 50Gbt ane thert isniaisytoking produd¢themd Loay wiabilityaand vl
ne production.
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unr ecogni zeth,HRRIERY in all adoptive immunotherapy protocols. Generally the cells
are assayed before introducing them into saline, but once the cells
formulated in infusion medium and packaged in an IV bag, they are not
assayed. It has not been recognized that the cells have low viability and
15 are not producing cytokines. ,

It was found herein that if T-cells are prepared and are then rested
by removing them from an activation stimulus for another 24-120 hours,
particularly 48-120 hours, generally about 72 hours, and then reactivated,
the cells will ultimately produce about 10-fold more cytokines than before

20 they rested. Hence in embodiments of the methods herein, cells are
harvested, rested for 24-120 hours, typically 48-120 hours, generally 72
to 96 hours, and then frozen. Prior to infusion into a patient the cells are
formulated in autologous plasma and are reactivated.

C. Activation

25 In accord with the methods herein, T-cells are treated to reactivate
them just prior to re-infusion, typically within four hours. Itis
contemplated herein that any method for activation of T-cells can be used
just prior to infusion. Such activation should be performed no more than

about 24 hrs, and is typically 8, 6, or 4 hours before infusion. The best



experienced in all adoptive inmunotherapy protocols. Generally the cells
are assayed before introducing theminto saline, but once the cells

f or nul at ewoion/o7mesRISi on medi um and packaged in an |V bag, wPeeysar/zsaot
assayed. It has not been recognized that the cells have low viability and
15 are not producing cytokines. It was found herein that if T-cells are
prepared and are then rested by renoving themfroman activation stinulus
for another 24-120 hours, particularly 48- 120 hours, generally about 72
hours, and then reactivated, the cells #&; ultimately produce about
10-fol d nore cytokines than before 20 tHey rested. Hence in enbodi nents of
the nmethods herein, cells are harvested, rested for 24-120 hours, typically

48- 120 hours, genera ly 72 6 hours, and then frozen., Prior. to infusion
into a pati eWnetiRE "@JéﬂsF@ aﬁ@“?‘i' gﬁn@fﬁ%&@w F%'?Saﬁf%[eo@‘éh‘éatﬁfja@ﬁabedtﬁﬁe are
reactivated. o oo el | %%ch‘i’a’&n%ﬁ Jés%%%‘?fb@téﬂh‘i&lgf Hegﬁ%nh@ﬁ"@éll@ thlét%‘?é's
aretreated?oreacwate em just prior re-infusion, typically within

four hours. ;brtodusmgpmgeraphmjnﬁd dfecygokirtesatnagrhe tetibod Hietinsiagiceat ben of

T-cells can be used just prjior to infusi uch activation shauld be
per f or ned nod?FSF'B”IerﬁiaﬁmpH by B \ﬂaﬁF'¥at'%9|&R?§eﬁ§@”€|ame95%”n%CVB‘?q('ﬁehours

before i ngush Hcg §tfu Qﬁloqyrﬁés #D%H%ng&g’f?éﬂbcelﬁtﬁlé Wend OF

i nfusi on, shoul e cel are re-activat ut before cytokine
producti on |psmlmeaeabeuubétrwursalftqr,acmwmlenl tskasieqn, 6XAIMPLES] Fatt arar e
produci ng | ar nounts of ¢ oki nes may be toxic. This timng can be

det er nmi ned r?'? LY [ty GOy q vating the cells and neasuring cytokine 5

production as a f4 {:th@Fhl‘?ﬁetTHo% forUctivBeing eeBlidfied cells this time
period is about ours after activation (See, e.g., EXAMPLES, for an

exenplary tine cdmreml)er fa) Teeallsrtal pmiltféltads, thay mqulma’ttwmgewa@ée Iségrials.or der
for T- ce“)s 'h?e rf)lrré)’cl ééﬁ%fﬂsegeéer}gﬂy de \%rre% i %uaﬁQﬁeaéSSFHCgQ an%gen
complex on the surface of the cells, and the second is generally provided
through the IL-2 receptor. For cells used in adoptive immunotherapy, IL-2
is generally used as the second signal. In order to bypass the |IL-2 signal,
combinations of mAb can be used for activation. The mAb can be in the
15 soluble phase or immobilized on plastic or other solid surfaces such as on
magnetic beads.
(a) First signal
To provide the first signal, cells are generally activated with mAb
to the CD3/TCR complex, but other suitable signals, such as, but not
20 limited to, antigens, super antigens, polyclonal activators, anti-CD2 and
anti-TCR antibodies, can be used. Other suitable agents can be
empirically identified. Immobilized or cross-linked anti-CD3 mAb, such as
OKT3 or 64.1, can activate T-cells in a polyclonal manner (see, Tax, et al.
(1983) Nature 304:445). Other polyclonal activators, however, such as
25 phorbol myristate acetate also can be used (see, e.g., Hansen, et al.
(1980) Immunogenetics 10:247).
Monovalent anti-CD3 mADb in the soluble phase also can be used to
activate T-cells (see, Tamura et al. (1992) J. Immunol. 7148:2370).

Stimulation of CD4 + cells with monovalent anti-CD3 mAb in the soluble



10 The first signal is generally delivered through the CD3/ TCR anti gen
conplex on the surface of the cells, and the second is generally provided

t hrough twe oB775% eceptor. For cells used in adoptive i mmrooiuser/zg39) |L-2
is generally used as the second signal. In order to bypass the IL-2 signal,
conmbi nati ons of mAb can be used for activation. The mAb can be in the 15
sol ubl e phase or immbilized on plastic or other solid surfaces such as on
magneti c beads. (a) First signal To provide the first signal, cells are
generally activated with mAb to the CIQé CR conpl ex, but other suitable
signals, such as, but not 20 linited to,“anti gens, super antigens,

pol ycl onal activators anti-CD2 and anti-TCR anti bodi es, can be used.

O her swtabeaent n be enpiricall dentified. i zed or
cross-1inked Oém @Iﬁ%erﬂ%&')e ?gruw 1o :ﬁ}#CBhS putngt ng'&i C\‘PQ?ésele cells in a
pol ycl onal  mgansiq (S£8:, (TQ@SZ) gt lrﬂ}'nun(o?gggg ﬁéw e %Iéﬁ@iero%ﬁﬁltgates

pol ycl onal actlva ‘ors, however, such as 2 rryrl state acetate al so

can be used ¢kenti-GD§ a,ndl—mlsé’ncelésureféce ahh@&ﬁ)mAlbmamgeefeterumIljz(}aczmb)te
Monoval ent antl- t he sol ubl e phase al so cgn sed t activate
T-cells (see? p?éWiH gr C%[Vsutﬁﬁdﬁ?ede -9 nﬂ‘ﬁ‘i‘&‘?tterl@g 3?8(7%3?8& él{ nﬁl ation of
D4+ cel 1§ WirhhuBROYSISE). bt BB fiRB ddh b8 Salvakt T-UDREAT TRRE, of
PCT/ US02/ 29520 -26 formis preferable for expansion of Th2 cel but not
Th 1 cells (akd}98aeJohgmuato/all 37¢1492Q). Ant%MHEm%sMQnB‘YBE)an f&)teual e

het er oconj ugat es . of ti- and rf en, MAb can
pref er entjl glgﬂpedgﬁt\?a%geéfa%ﬁ‘r?mﬁﬂ |n|-|r5£1q|ngjﬂ @F cgggratg)n (s€€| edbet t er,
et al. (1988$ EMini e§al5(1/ggmnﬁcyhﬂf§u§3;5)i4d\@f5' thW&%‘A@'c%ﬁ @&Na\féte

T-cells (see, Huet et al. (1986) J. /mmuno% 137: 1420). Anti-MHC cl ass ||
mAb can haveTa:ellsyrmamsmcrrcsmﬂaadlo - mAlCDSden Galdodiinig eT-adel |

ﬁ]ra‘gl Icfaﬁriélt ?{ﬁé{%ﬁ >y /mS ?/F?to n}5&t42:il5.) (1992) J. /muno% 149: 65). Anti-CD44
(b) Second signal
A variety of mAb singly or in combination can provide the second
signal for T-cell activation. Immobilized mAb or fusion proteins which
interact with co-stimulatory molecules such as CD28, CD134 (0X40) and
15 CD137 (4-1BB) or adhesion molecules on T-cells such as CD54 {(ICAM-1),
CD11a/CD18 (LFA-1) and CD49d/CD29 (VLA-4) singly or in combination
can provide second signals for activation.
To determine the combination of mAbs or proteins that optimally
induce sustained regulatory cell proliferation, a screening procedure using
20 combinations of these mAbs or proteins is used. The cells are incubated
with various combinations of these substances and screened for growth
by analysis of *H-thymidine incorporation or equivalent methods. The
group demonstrating the best growth characteristics is selected for use.
2) Exemplary methods for re-activating the T-cells prior to infusion
25 Any method for activating T-cells can be employed. In most
instances, since the cells are to be reactivated at the patient bedside or
on site. The method is conducted in a manner the maintains sterile
conditions, such as those required by Good Manufacturing Practices

(GMP). Methods for reactivation are provided herein.



T-cells in a fashion simlar to anti-CD3 mAb. See, Galandrini, et aL 10
(1993) J. /mmuno% 150: 4225) (b) Second signal A variety of mAb singly or in
conbi nat iwp 0s@n6ps ovi de the second signal for T-cell actiPgattison29520
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nol ecul es such as CD28, CD134 (0X40) and 15 CD137 (4-11313) or adhesion

nol ecul es on T-cells such as CD54 (I CAM1), CDlla/CD18 (LFA-1) and

CD49d/ CD29 (VLA-4) singly or in conbination can provide second signals for
activation. To determ ne the conbinatiog2 f mAbs or proteins that optimally
I nduce sustained regulatory cell proliferation, a screening procedure using
20 conbi nations of these mAbs or proteins is used. The cells are incubated
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Exenpl ary net ho re-activating the T-cel'ls prior to |
met hod for oarei edleiched. T-Ate$drpe dame btheefrpkzey edlls lane tadsdled ivnish anties, si nce

the cells ar reactiyated at the i ent bedside or ., on site. The
method is poﬁ@%’ggggsi W@?Féﬁﬁe‘?re?ﬁ@%%@@iﬁ HUX& é‘Y'ﬁT ghe EBHHﬁ?ﬁjons, such as
those reqgi rednBrubiees MREUTRME Qfdmﬂo@yft%‘étdlﬁel%o%@y@s h&s redechptors
reactivation are provided herein. WO 03/077658 PCT/US02/ 29520 -27 a) In
one net hod, thapdindnvith hidgleakujityetceBegortiod oftGigdnuthemfooethey, delivarha ar e

rozen: cel | SRS 1A Gal G VARD. e, CRiscr I ot B PETEAERT | ga1.

m xed with t{e &dis ighatbthe I RIYHPRRaR GVhen tHER af aBHI Y Rthapshdronocyt es
have Fc receptors that bind with high avidity to Fc portion of |CGgl.

Ther ef or e t hegunikmarmclanalsangitddies {maddigidrs themdllgadtivgte lilken The

resul ti n‘?OCyrtn%lﬁ'ogst Y grfmcli lg?arfuﬂlggqytes to produce cytokines, such as IL-12, which

are macrophage, not T-cell, products.

The resulting mixture of célls produce so much cytokine that they
could be cytotoxic. It was found, however that there are no measurable
cytokines within the first 4 hours of activation, and that the peak of

15 cytokine production is at 24 hrs. Therefore, the cell composition is
infused within four hours after activation. If, for example, the cells are
memory cells (see, e.g., co-pending U.S. application Serial No.
09/957,194), they traffic to tumors and sites of inflammation, and start
producing cytokines at the targeted site(s).

20 b) Another method for activating T-cells for use in
adoptive immunotherapy protocols is to incubate the cells with
immunomagnetic beads conjugated with anti-CD3/anti-CD28 mAbs. Cells
activated in this manner must be removed from the beads prior to
infusion, as the beads are not intended for human infusion. Typically,

25 the conjugated beads are separated from the cells using a magnet. The
initial interaction between the conjugated beads and the cells in strong.
Attempts to remove the conjugated beads from the cells within 24 hours,
results in significant cell death, presumably due to damage to the cell

membranes as the beads are pulled off the cells. After 24 hours, and



the cells is another |og higher than when they are activated with bead-
bound nonocl onal antibodies. In addition, the cells activate the 10

nonocyt eswand/ogshul ocyt es to produce cytoki nes, such as PCTARO2/MIech are
macr ophage, not T-cell, products. The resulting m xture of cells produce so
much cytokine that they could be cytotoxic. It was found, however that
there are no neasurable cytokines within the first 4 hours of activation,
and that the peak of 15 cytokine production is at 24 hrs. Therefore, the
cell compositionis infused within four,bours after activation. If, for
exanple, the cells are nenory cells (sé% e.g., co-pending U S
application Serial No. 09/957,194), they traffic to tunors and sites of

i nflammation, and start rodu0|ng ¢ytokipnes at the targeted site(s). 20 b)
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renoved fromighiéichrabssspof viablliiny. itibwsiven,cdlls thhe abeastsoaed fnmh nhletended
for human infusion. Typi aIIy, he conjugate ads are separated from
the cells usqc’rﬂiju%?tr?ﬁgﬁi%q FHer Zﬂrﬁé iNQUIS RfRYURS Bﬂ'”ﬁfgle\ﬂe%'ﬁ‘opﬁgs €bnj ugat ed
beads ancl_;th,1(=yt GRihks, in strong. Attenpts to renpve the conjugated beads
fromthe cell’s wthin 24 hours, results in significant cell death,
presumabl y due t ac)dandgeadomrt heithehk medmoisgpresides] harsieacisvtadel pells ed of f

af Lot 48 holfie eTisy S TERhEIT GAMBIGRIELRepHS Liskj U5 RPUEF BRARCURARCL ho col | s
weaken and tpnGet Eétﬁﬁﬁné’%tuhﬁﬁdé i BRRAIAIGRI4-B8Mours! OWHdAflisel 0SS Of
viability. However hat are renoved fromthe conjugated beads after
24- 48 hour s rpstidg celldiarenesbitdatadp tine\s pocbthce:yt teeish@bout 2-10-fatcbord with
the met h10(§js rn%\{él y?gt ?ggsgcla ou’cqét b&tf%?d Tm%(rae cytokine than cells that were not
rested and reactivated. In addition, rested and reactivated cells continue
to produce cytokines for at least 96 hours after restimulation. Non-
rested, stimulated cells only produce cytokines for 48 hours.
Thus, as provided herein, to advantageously employ cells for
15 adoptive immunotherapy protocols, cells are reactivated just prior to
infusion into a patient. Reactivation can be effected by any method of
activation. Mitogenic mAbs, however, require immobilization in order to
deliver an activation signal to T-cells, which is provided by beads with
immobilized antibodies. Conjugated beads cannot be used for activation
20 prior to reinfusion, since they readily can not be removed when added
just prior to infusion and conjugated beads can not be infused in high
guantity to a patient. Accordingly, an alternative activation method is
required.
Immobilization of mitogenic mAbs for use in the methods herein
25 can be accomplished by labeling T-cells intended for infusion with anti-
CD3/anti-CD28 mAb, such as antibodies of the IgG1 subclass, and
subsequently mixing the labeled cells with autologous mononuclear cells,
generally enriched in granulocytes and macrophages. Fc gamma-RI

receptors expressed on neutrophils, monocyte/macrophages and



are renoved fromthe conjugated beads after 48 hours and i ncubated w thout
activating stinmulus for an additional 24-48 hours. \Wen these resting
cel | s ar ewpeaoriesat ed, they produce at | east about 2-10-f eca/ustD2general |y
at | east about 5-20-fold, nore cytokine than cells that were not rested
and reactivated. In addition, rested and reactivated cells continue to
produce cytokines for at |east 96 hours after restimulation. Non- rested,
stinmulated cells only produce cytokines for 48 hours. Thus, as provided
herein, to advantageously enploy cells fq 15 adoptive inmunot herapy
protocols, cells are reactivated just prfor to infusion into a patient.
Reactivation can be effected by any method of activation. Mtogenic mAbs,
however, require |nEPb|I|z |on in order t del.i ver an._activati on, ﬁlgnal
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since they readily can be renoved when added just prior to |nfu5|on
and conj ugat ed be‘léttls mired wetls wani bd sssgendecingimfusjoamedipyn and pati ent .
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cells d
6,417,011; see EXAMPLES, below). Such micro-particles remain in

suspension since they are colloidal in size. In addition, following binding
to CD4 T cells are internalized or shed, as a result the activation signal
through CD3 and CD28, is transient and not continuous, and the need to

15 debead the product prior to infusion in patients is eliminated.

The following examples are included for illustrative purposes only
and are not intended to limit the scope of the invention.
EXANMPLE 1
20 Materials and Methods
A. Isolation of human lymphocytes.

Samples of buffy coats or leukapheresis products from normal
donors and EDTA-preserved blood samples from advanced cancer
subjects with a variety of indications and prior treatments were used.

25 Human peripheral blood lymphocytes (PBMC) were isolated using a

density gradient centrifugation procedure.



procedure. In this manner, the cells are not required to be suspended in
I nfusi on nmedium prior to infusion. Alternatively, the cells can be m xed
wi t h ant iwGD3hznes$ - CD28- conj ugat ed col | oi dal size parti clP€F/USAEXISR@N
coat ed paramagnetic 10 m crobeads beads (M Itenyi Biotec, Auburn CA; see,
U S. Patent No. 6,417,011; see EXAMPLES, below). Such micro-particles
remain in suspension since they are colloidal in size. In addition,
following binding to CD4 T cells are internalized or shed, as a result the
activation signal through CD3 and CD28,,4s transient and not continuous,
and the need to 15 debead the product prior to infusion in patients is
elimnated. The foll ow ng exanples are included for illustrative purposes
only and are not_jintended to |jm he scope of the invention. EXAMPLE 1
20 Materi al £-and (R}gqrﬁatgﬂz,&l_tlops%ﬁ EHVB%SB'F‘ n | ynphocytes. Sanples of
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EDTA- preserved b sanples from advanced cancer subjects with a variety
of indicati arsnafidvprcytometryat Beefly, owllsewese tcutmted vaith glkiorpélecane-bl ood
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using flow cytonmetry. Briefly, cells were incubated with fluorochrone-
| abel ed ant idfoidieesnalysis heextaekpriesse@@srparcentagelsaxf itaklyowdwaytes.bodi es 5
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subset of CD4 positive T cells was analyzed for the ratio between naive
10 CDA45RA positive cells and CD45RA negative memory cells.
C. Cytokine profiling
To determine the ability of freshly purified CD4 positive cells to
express IFN-gamma and IL-4 an intra-cellular cytokine (ICC) staining
procedure using an Internal Cellular Cytokine (ICC) kit (BioErgonomics, St.
15 Paul, MN )was performed. According to the manufacturer’s recommen-
dation, PBMC were stimulated for 20 h in T-cell activation medium,
stained first by surface anti-CD4 antibodies, fixed, permeated and then
stained with intracellular anti-IFN-gamma and anti-IL-4 antibodies.
Samples were analyzed by flow cytometry and results were presented as
20 percentages of IFN-gamma and IL-4 expressing cells in CD4 positive T
cells subset.
D. Isolation of T-cell subpopulations
Isolation of specific T-cell subpopulations was performed using two
different techniques: sort by flow cytometry on FACSCalibur and sort by
25 combination of positive and negative immunomagnetic selection on
AutoMacs (Miltenyi, Germany). To obtain cell samples with high purity,
sort by flow cytometry was done. Briefly 4 x 10’ of PBMC were stained
with anti-CD4 antibodies alone or in combination with anti-CD45RO

antibodies, labeled with the corresponding fluorochrome. Subsets of
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el ds. it b BRI0EHE GETOREATS el seP3BIaN A1 BYor BECI OG- Al SIRCERET K. ueed
i munonagnet §&eor RAUAPHT selebEi6RWhE petforiee lnmcggfraswé ahtischasR@ENdat i on,
up to 2 x 10$ cells were incubated with anti - ant i bodi es conj ugat ed

directly to aniglpdies én soompiexadth geat eepanaved apihibedigreconjugatasins. | f

needed, g€ icrobeads.

E. Activation of cells

Sorted cells were plated into cell culture plates at starting
concentrations of 1 x 10° to 3 x 10° cells/ml using ex vivo serum free cell
culture medium (X-VIVO-15 from BioWhittaker) without supplementation.

15 The cells were cultured for 12 days and were repeatedly activated using a
combination of CD3/CD28 antibodies conjugated to magnetic beads (T-
cell Expander, Dynal) every 3 days, starting from the day of sort
(pursuant to the methods of co-pending U.S. application Serial Nos.
10/071,016 and 09/957,194, and in International PCT application No.

20 PCT/USO2/xxxx (attorney Docket No. 24731-504PC), filed the same day
herewith, and reproduced herein).

Initial cell activation was performed using 3:1 ratio between
magnetic beads and sorted cells. For re-stimulation, an amount of beads
equal to the amount of cells in the culture determined by hand cell count

25 was used. On day 13, 14 or 15 expanded cell cultures were harvested.
The cells were counted cells {(manual hand count) and the final product
was characterized (see, also EXAMPLE 8, which describes growth and

preparation of cells using CD3/CD28 antibodies conjugated to colloidal



second round of selection was perforned using nouse anti-CD45RO anti bodi es
in conplex with goat anti-nouse anti bodi es conjugated to 10 m crobeads. E.
Activati owooB/otwss s Sorted cells were plated into cell culrCoresopisees at
starting concentrations of 1 x 105 to 3 x 105 cells/m wusing ex vivo serum
free cell culture medium (X-VIVO 15 from Bi owittaker) without

suppl enentation. 15 The cells were cultured for 12 days and were repeatedly
activated using a conbination of CD3/CD28 anti bodi es conjugated to
magneti c beads (T- cell Expander, Dynal) g8very 3 days, starting fromthe
day of sort (pursuant to the nethods of co-pending U.S. application Seri al
Nos. 10/071,016 and 09/ 957, 194 and in International PCT application No.

20 PCT/ Us02/ or et No. 4731 f sane day
herewith, an %ph@&tﬁfyd %tte@r %qurﬂl )a|af19eé%\é\g%‘?%a‘4 |"€5ﬁ C\thaie 8r ned
using 3: 1 r afHefr 084 %GBst;rﬁﬁ%ﬁétertnb@%@ﬂs)a”d sorted cells. For

re-stinmulation, an anount of beads " equal to the anmount of cells in the

culture deteFm neBhéwyotyping cel | count 25 was used. On day 13, 14 or 15
expanded cell cul tures were.harves e s, were counted cells
(manual hand count§’ ﬁﬁﬁfalcﬁ%r'zfe\ 124} Oéﬁﬁdﬂﬁ PPW&@%H}%BEEPWQ&S(OJ% al so
EXAMPLE 85 WhiGRsias eEild dfer8 dutermad, ti@é.e@enﬁglte%ﬁregﬂm gfmrﬂg drid3/ CD28
anti bodi es conjugated to col |l oi dal WO 03/ 077658 PCI/ US02/ 29 - 32 beads

(Mltenyi Bilbtedy inttaucellda) cyrkineEximng OCChandhthegsprodoesiontdfdFN-use to
final | pr oducte e IbraABRy beb (ST ToE RH, BEELoRdr Be g CFUERE! i ned, thei r
ability to expy&rhatdrithrdFanpanaed cdlls HefBVe haf\rémr&%l)lvué@aﬁeﬁ £&d.ne staining
(1CC and their production of IFN ga 2 and IL-4 (determ ned by
ELI SA i n t helngmunophenatwing and ICC expenments were performed as described
10 above. ELISA assays were performed using ELISA kits (R&D, Minnea-
polis, MN) for IFN-gamma, IL-2, 1L-4, IL-10, IL-13, TNF-alpha according to
manufacturer’'s recommendations.
G. Preparation of colloidal size microbeads
Paramagnetic colloidal size beads can be purchased from Miltenyi
15 Biotec (Auburn, CA; see, also U.S. Patent No. 6,417,011). As described
in U.S. Patent No. 6,417,011, dextran coated paramagnetic colloidal size
particles are prepared by mixing 10 g dextran T40 (Pharmacia, Uppsala
Sweden), 1.5 g ferric chloride hexahydrate and 0.64 g ferrous chloride
tetrahydrate in 20 ml water and heating to 40° C. The solution is stirred
20 and 20 ml 4 M NaOH is added dropwise with continued stirring. The
resulting particle suspension is neutralized with acetic acid, centrifuged
for 10 min at 2,000 x g, and filtered through a 0.22 ym pore-size filter
(Millex GV) to remove aggregates. Unbound dextran is removed by
washing in a high gradient magnetic field by washing in columns of steel
25 wool in a high gradient magnetic separation (HGMS) device at a strength
of 0.6 Telsa. The particles are washed through the column. These

particles can be further derivatized.



supernatants of expanded cells before harvesting) were anal yzed.

| mmunophenot ypi ng and | CC experinents were perfornmed as descri bed 10 above.
ELI SA asswp33mnersss per f ormed using ELI SA kits (R&D, M nneaPCpaisnm29skiN) f or

| FN-ganma, [L-2, IL-4, 1L-10, 1L-13, TNF-al pha according to nanufacturer's
recomendati ons. G Preparation of colloidal size mcrobeads Paranmagnetic
col | oi dal size beads can be purchased fromMItenyi 15 Biotec (Auburn, CA
see, also U S. Patent No. 6,417,01 1). As described in U S. Patent No.
6,417,011, dextran coated paramagnetic § | | oidal size particles are
prepared by mixing 10 g dextran T40 (Ph&™macia, Uppsala Sweden), 1.5 g
ferric chloride hexahydrate and 0.64 g ferrous chloride tetrahydrate in 20

m water and heating to 40 C. The s i jg stirred 20 and 20 M 4 M NaCH
is added dropwi se with continued stioé')ﬂ‘méae resulting particle

suspensi on i @iﬁm j | € ic acid, centrifuged for 10 mn at
2,000 x g, gﬁag I I%glr)géﬁﬂﬁ%{o%-ﬁa%ﬂ%. 22 ,um pore-size filter (Mllex GV) to

renove aggr egat eShidtekanmpde dextarantratss rtleaoresdinmylatioasifi prgviouslty hi gh
gradient magnetic field by washing in_colums of steel 25 wool |

hi gh
gr adi elnt ma@raivated; egly Bhdtohay d gdtarsemgva f'ﬁ’?é\‘i‘g?ﬁ'%ﬂ”b?ﬁ‘f‘&%ﬁ The
ti . t b R - 4 h
flor i vat | Dod " EoD 8F SipPiEH AlnF 08557 4L BT i King Thagdlfion cobmaral el nehs

rest ed T-celdefis Thatasxaopre-adawetesk.r at es that restinulation of previously

activated cells that have rgit eg after renopval froman activation stinulus
5 results in sigMhrepation ok &8s in cytoki ne production conpared to the

cel|s that are ngi, LerpCbbi@iRde JrepRYPLY Re HeqUerR!driti Rpeatddl cells vere
prepared by the frequent and repeated
' activation method as described in EXAMPLE 1 and as exemplified with

10 group 1 cells in EXAMPLE 3 and described in above-noted copending U.S.
applications. Briefly, CD4 + cells were purified by positive selection from
patients with advanced cancer. The cells were cultured in X VIVO-15
culture medium supplemented with glutamine. On day 10, the cells were
incubated with anti-CD3/anti-CD28 conjugated immunomagnetic beads at

15 a 3:1 bead:cell ratio. Every 3 days the cells were restimulated at a 1:1
ratio. On day 14, two days after last stimulation, the cells were
harvested and separated from the beads.

Restimulation
The day 14 harvested cells were washed and resuspended in fresh

20 medium. The cells were divided into two groups and each group of cells
was incubated for 120 hours. The first group (no restimulation) was
cultured without any activation. The second group (restimulation) was
restimulated after 72 h (120 h after last stimulation). Samples were
taken every 24 h and analyzed by ELISA for cytokine production. For

25 restimulation at 72 h, cells were removed, labeled with anti-CD3 and anti-
CD28 mAb and mixed at a 1:3 ratio with freshly collected autologous
PBMC.



activation nethod as described in EXAMPLE 1 and as exenplified with 10
group 1 cells in EXAMPLE 3 and descri bed i n above-noted copending U S

appl i cat iwo3/0Bresef |y, CD4+ cells were purified by positipeTashrezdseon from
patients with advanced cancer. The cells were cultured in X VIVO-1 5

cul ture nedi um suppl emrented with glutamne. On day 10, the cells were

I ncubated with anti-CD3/anti-CD28 conjugat ed i mmunonagneti c beads at 15 a
3:1 bead:cell ratio. Every 3 days the cells were restinulated at a 1:1
ratio. On day 14, two days after | ast s% l,mul ati on, the cells were
harvest ed and separated fromthe beads. I%estl mul ation The day 14 harvested
cells were washed and resuspended in fresh 20 nedium _The cells were

divided into two groups and each group of cells was it for 120
hours. The f{lilFl$tam=0up (NO e52t4ihrr:|I a8 bon) viezsh cyl tefred vviZChbuE any
nmul at e

activation. | Heeénislecitiod group (restf mul atijon) wag rest after 72 h

(120 h af t ef " ATy hE oAl AT T ONBgsoaMizAs WeT@sol qkedeEver vied? 1 and anal yzed
by ELI SA fo r‘yf ﬁlI(I ne nr OdU( i | on—Eor ractim | at | on , Cel | S were

At
renoved, |la éP%W%'P'ﬁ antl-CDB and antl- d?z%‘)?mb‘”aﬁ%o Vﬁ)?'eet?‘o a l:3ratio
with freﬁwly colTected autol ogous PBMC. WD 03/0 US02/ 29520 -34

| FN- ganma 2 72 1T 96 N1, | BRI 1L 7541 10Tea¥0 [ ©pdg mu ati on 3850
2240 1050 6 Jg QI mist i mul at ion 98,800 42,500 14,600 11 5 ILf2 24h 48 h
72 h 96 h 1 )MH t-on—Ngrestipati-oa—120-68—<50—<b0 <50
restinul at i mri\'OZ’SEYO“‘S‘BtG’”<50 120 0 <50 <50 <50
restimulation 2800 580 <b0
10 IL-4 24h 48 h 72 h 96.h 120 h
pg/mi/1 million
No restimulation <26 <26 <26 <26 <26
restimulation 50 35 <26
15 These data demonstrate that restimulation of primed cells that have

rested 120 h after removal from an activation stimulus results in
significant increases in cytokine production.
EXAMPLE 3

Activation and Re-activation in Tumor Microenvironment Inhibits Cytokine
20 Production

This Example shows the effect of re-activation in a tumor
environment versus a non-tumor environment, and also shows that the
combination of re-activation of cells that have been produced by the
multiple activation method produce more cytokines upon re-activation and

25 are show better resistance to a tumor microenvironment. The data also
show that T-cells must be re-activated prior to infusion, particularly in
order to function productively in an immunosuppressive micro-
environment, and explain prior difficulties in adoptive immunotherapy

treatment protocols.



10 1L-4 24h 48 h 72 h 96 h 120 h pg/mM /1 mllion No restinulation <26 <26
<26 <26 <26 restinulation 50 35 <26 15 These data denobnstrate that

resti nmul awpen/oofespri med cells that have rested 120 h aft @cTrEsopyeko f rom an
activation stimulus results in significant increases in cytokine
production. EXAMPLE 3 Activation and Re-activation in Tunor .
M croenvironnent Inhibits Cytokine 20 Production This Exanple shows the
effect of re-activation in a tunor environnent versus a non-tunor
environment, and al so shows that the cofgination of re-activation of cells
t hat have been produced by the nultiple activation nethod produce nore

cyt oki nes upon re-activation and 25 are show better resistance to a tunor

m croenvi ronnent . ge dat.a al 94 fshow t hat Th bf % re ac :ilt ed
prior to infusi orCDfar Cela PRrTed; fomheaperighera piqa t?&ﬁ?&?f&g P9 an
| MMUNOSuppr ezaie Qivid&d th 1RO %)rro‘ﬁﬁg'er‘@ro@q WERS abtly MledOsvedy 3 ugﬂ fbeg in
adopti ve i munot herapy treatnent protocols. WO 03/077658 PCT/ US02/ 29520

-35 CD4+ celperigliof fli2edays end tHaevestedptretihe 1i5tbckdyof GrowmiZcwergubj ect  were
divided in twg. groups: Goup 1 were activated ev for a period of
12 days and q‘ﬁﬂ‘&é?# ls(,.qnpﬁeong‘{fPeaaé%a@/%ﬂsdmﬁ%%g'aﬁsa\yat ed only once
on day 0 gnd har vEstregrRipst dfecdlisSiheréaben e RO Vated WP iOf insPbbRizegr e then

reactivated by with imuobilized wth anti-CD3/anti-CD28 nonocl onal
anti bodi es iwithuanti-CH Iredtivep 2@ mionpelonshartibodies e qgnl’r@ls@m@dlum land10 (100

Pl ai o' an hARSCU By ELRiesaRor k- T LR sy e PR b RuRR ) &
portion of eado gyAHPY Hd FEeFliseta (100 pg/ml) to simulate an immunosuppressive
tumor microenvironment. As a control, a portion of each group of cells
10 was activated in the absence of immunosuppressive cytokines. The
production of IFN-gamma was measured after 24 hours and expressed as

production per 10° cells per 24 hours.

Group 1 Group 2
No Tumor |  Tumor No Tumor Tumor
15 Cytokines |Cytokines Cytokines |Cytokines
2400 pg/ml | 2200 pg/mil 200 pg/ml 26 pg/ml

These data indicate that, when reactivated in culture medium, cells that
are repeatedly activated (Group 1) produce significantly more interferon-

20 gamma than the same cells that are activated only once (Group 2; 2400
pg/ml by Group 1 cells vs 200 pg/ml by Group 2 celis). When the
repeatedly activated cells (Group 1) are immediately transferred to an
immunosuppressive cytokine environment (Tumor cytokines) after
activation in medium (No Tumor Cytokines), they continue to produce

25 cytokine (2400 pg/ml vs 2200 pg/ml). Cytokine production in the single
activated cells {(Group 2) is significantly down regulated whenAfirst
activated in medium (No Tumor Cytokines) and then transferred
immediately to an immunosuppressive environment (Tumor Cytokines)
(200 pg/ml vs 26 pg/mi).



10 was activated in the absence of imunosuppressive cytokines. The
production of | FN-gamma was neasured after 24 hours and expressed as
product i omopan786 cells per 24 hours. Goup 1 Goup 2 NoPCuruse2/Ia5emr No
Tunmor Tunor 15 Cyt oki nes Cytoki nes Cytoki nes Cytokines 2400 pg/m 2200
pg/mM 200 pg/m 26 pg/mM These data indicate that, when reactivated in
culture nedium cells that are repeatedly activated (G oup 1) produce
significantly nore interferon- 20 ganmma than the same cells that are
activated only once (Goup 2; 2400 pg/nhgby Goup 1 cells vs 200 pg/m by
Goup 2 cells). Wen the repeatedly activated cells (Goup 1) are

imedi ately transferred to an innunosuppressive cyt oki ne environnent

T t oki f1 vat i Ki th
Cont i nue. 1 o produlae%E ey Bldiae B pElmche D anetgrny phoel B8 ne
production i fbﬂd&@ecﬂvrhgitﬁlat@&tp'r%@ttg%ﬁﬁehéﬁ b?/Qh@Hfbd')s) siich %bgé"dteb&%‘é Yn dovvn

regul ated when first activated in nmedium (No Tunor Cytokines)
transferred Uidmeppligagion SerialiNosmiyOdpd €6 sinde08186 7, d@ﬂerahd(liﬁunor

Cyt oki nes) [ 58 PCT/ US02/ 29520 -36 These
dat a i ndi cat e%gﬁwg{?%ﬂlgﬁl‘sa?@ %TM'HBV\?&(@Q%@?W’& HLorneyfAaeleet; o-

acti vat edspr 2av31 GOMOE flBd Riie RIS A8y HeFBwach 'afimod@éﬁnthQFl E)&\MPSL% 1)
application Serial Nos. 10/071, 016 and 09/ 957, 194, and I nternati onal

PCT appl i cat a%nemteMQis@gﬁdmls(mpﬂu¢aeyomck@ﬂ<nm ar5d anemoraowc:)

filed th t | d i t edl
alct ?vat eg ze 'ssqge{topuce r{ﬁ)filfeencft 8{2%@;’?‘5%}3&?3% &Y Oﬁiéq eg?q% '?hey
i nfluence of shoulunhnsuRPrersivated it Bké BERurd Ftedi@hl Ss déE@%éij hBRiR®rior

reactivated in the culture nmedium as described herein prior to infusion.
to infusion.

10 If the repeatedly activated cells or the single activated cells are re-
activated in the presence of immunosuppressive cytokines, however,

neither group produces cytokines.

Group 1 Group 2
Activation in Activation in the presence | Activation in Activation in the presence
15 |medium of Tumor Cytokines medium of tumor cytokines
2600 pg/mi < 2 pg/ml 90 pg/mi < 2 pg/ml

This indicates that T-cells activated in the presence of tumor cytokines
will not produce cytokines. If they are activated first and then placed in a
20 tumor microenvironment, they will continue to produce cytokines.
Accordingly, methods that rely on a mechanism where infused T-cells
require activation in-vivo to exhibit an effector function will likely not

produce an effect.

These data indicate that T-cells must be re-activated prior to
25 infusion in order to function productively, particularly in an

immunosuppressive microenvironment.



10 If the repeatedly activated cells or the single activated cells are re-
activated in the presence of immunosuppressive cytokines, however, neither
group prow0oeds7wys oki nes. Group 1 Group 2 Activation in A®CITWsN2/20%20 n t he
presence Activation in Activation in the presence 15 nmedium of Tunor

Cyt oki nes medi um of tunor cytokines 2600 pg/m < 2 pg/m 90 pg/m < 2 pg/m
This indicates that T-cells activated in the presence of tunor cytokines

wi |l not produce cytokines. If they are activated first and then placed in
a 20 tunmor mcroenvironment, they wll itinue to produce cytokines.
Accordingly, methods that rely on a mecHani smwhere infused T-cells

require activation in-vivo to exhibit an effector function wll |ikely not
produce an effect. These data indi ca&g H\Eﬁﬁ T-cells nust be re-activated
prior to 25 infusion in order to fu 5 If) oductively, particularly in an
| Mmunosuppr essi ve m croenvironnment. W) 03/ 077658 PCT/ US02/ 29520 -37
EXAMPLE 4 Suswrmmaryfofcgytokineepndstgtion; dataduft Ray 1 40hgrvestedheelissthat were s
that were |last ssmulatedtadDay ay 9 The cells were renpoved fromthe beads
on Day 14 and cultured for 5 24 h. One group was |abeled with '

anti - CD3/ ant i - CDZBha186llsTvwetd remdvedafibai ehis bBEYA oat Day N2 anatdubturéd $e€ond
group was_stimulated with anti- CD3/anti-CD28 conjugated beads and a third

group wasd not4 testPneldpel. wagylabriedewWiihoanttG 3/ anti-GD 8aaad mixed mgth
| db I 4 4 .24 4 * - 4., % * TNF-
SENy 1Ly s PGl 2 1aE) Rsefil orblipivee kb AT o7y

14 526.17 6CB3/4htPCOIAB codhjugtbe@d be@dd Aand2&2hitd group was not restimulated.
Cytokine production at 4 h and 24 h was analyzed by ELISA.

4 hr 4 hr 4 hr 24 hr 24 hr 24 hr
*IEN-y IL-4 “FINF-a ey IL-4 **TNF-a
(pg/ml)  [tpg/mh) [P Hpgiml)  |(pgimiy | PO/mD
10 | Dpay 14 526.17 + 6.3 + 0.00|103.11 + [4625 + 6.47 = [252.10
harvested cells |55 76 35.68 877.46 0.29 77.70
only {(HRV)
1:2 2502.45 + |7.4 = 2.34 |408.45 + |21982.86 + |20.44 + [2665.20 +
HRV:PBMC 3070.93 15.10 2101353 |45 35 432.31
15 [[w/sol 3/28
HRV Cell + 3338.45 + |6.79 + 517.24 + |15920.95 + [9/38 + [3084.00 =
CD3/CDh28 3581.14  |0:-98 41.22 6440.41  |2.24 1756.93
Beads
20  * The concentrations of IFN-y were normalized to 1.0x10° HARVESTED cells/ml.
** The concentrations of TNF-a were normalized to 1.0x10% TOTAL cells/ml.
The sample size (n) was 8 and included 6 normal donors and 2 cancer donors.
These data demonstrate that restimulation of primed, resting cells
prior to infusion results in cells with significantly enhanced cytokine
25 production. The amount of cytokine production sufficiently high as to raise
concerns about potential toxicity. This experiment demonstrates that for
these cells, low amounts of cytokines are produced within the first 4 hours
after re-stimulation and cytokine production peaks around 24 hours post re-
stimulation.
30 This indicates that these re-stimulated cells should be infused before

24 hours, and typically before cytokine production starts to increase, which



harvested cells 702.26 35.68 877.46 0.29 77.70 only (HRV) 1:2 2502.45 7.4
2.34 408.45 21982.86 20.44 f 2665. 20 HRV: PBMC 3070. 93 15.10 21013.53
18. 32 432¥v0813/01%58/ sol 3/ 28 HRV Cel |l + 3338.45 6.79 517. PLAT/UBBO2B205 9/ 38
3084. 00 CD3/ CD28 3581.14 0.98 41.22 6440.41 2.24 1756.93 Beads 20 * The
concentrations of IFNy were nornmalized to 1. 0x106 HARVESTED cel Il s/m . **
The concentrations of TNF-a were normalized to 1.0x106 TOTAL cells/m. The
sanple size (n) was 8 and included 6 normal donors and 2 cancer donors.
These data denonstrate that restinul ati of primed, resting cells prior
to infusion results in cells with significantly enhanced cytokine 25
production. The anmpunt of cytokine production sufficiently high as to raise

concerns about i C Thi s .exper.i ment dem) trates that for
e e P ooyl ad Bl Rbaut el § BTtk de S Bt BRahesa TR (MUSHANe 3 hour s
after re- St'é‘&ﬁ\ﬁétéﬂ’%é%rwﬁl‘@fﬂo@ﬁ @r(Q@H%fHCPIﬂ r@@bé@re%@ ﬁ V\gﬂﬁt re-
stinmulation. 30 This indicates that these re-sti nul at ed c Is shoul

i nfused bef osuch 2ghénatype aard texpiectdd ytd)eémtrevaglateklamtd peniocbreas soarts

to increase, ch WO 03/ 07,7658 PCT/ Us02/ 29520 ccurred at about 4
hour s af tor | FLBGTTAT: PYFAGRMSHRLeS BUMEY RH BAUFR BRIV SEISAS SeTbmory

phenot ypes ( Gi4arRepe a@%ﬁer@&ﬁé'&lh@hon Ceblal Wtbhme%i‘%'ﬂu@h@ﬁ% KH@WW’[% be

expected . to ext ravasat e an nter areas of |'ammat i on.

admi ni st er i nigss hexicihahozystémis sytqmreeypvwdiuctmﬂ er the areas 5 prior to peak
cyt oki ne production. Local cytokine production is known to be |ess toxic

t han system c cytoki ne production. ERRWRIBLE 5CD4+ cells were activated
every 3 days with anti-CD3/anti-CD28

CD4 + cells were activated every 3 days with anti-CD3/anti-CD28
conjugated beads. On day 14 the cells were removed from the anti-

10 CD3/anti-CD28 beads, washed and resuspended in either fresh culture
medium, infusion medium(saline) or autologous plasma. The cells were
cultured for another 24 hours and the amount of cytokine produced over this

period determined by ELISA.

The cells were then reactivated by first labeling with anti-CD3 and

15 anti-CD28 mAb and then either mixing with autologous PBMC enriched for

the granulocyte fraction collected by leukapheresis or mixing with anti-
CD3/anti-CD28 coated beads.

After 24 hours of incubation in saline, viability of the culture had

dropped to 42% compared to the viability of 84% of the same cells in

20 medium. No cytokine production was detectable in the saline cultures, while
the medium cultures contained 1500 pg/ml of IFN-gamma. Upon re-
activation, the cells cultured in saline did not produce detectable amounts

of cytokines, indicating that cells for use in adoptive immunotherapy

protocols should not be formulated in saline.

25 The control cultures maintained in medium were reactivated with
either anti-CD3/anti-CD28 beads or a 1:3 ratio of cells: autologous PBMC
enriched in granulocytes on day 15. Cytokine production was measured at

2 hours, 3 hours, 4 hours and 24 hours.



conj ugat ed beads. On day 14 the cells were renoved fromthe anti- 10

CD3/ anti - CD28 beads, washed and resuspended in either fresh culture nmedi um
i nf usi on woedBanmes&al i ne) or autol ogous plasnma. The cel | s weca/usoutdser ed for
anot her 24 hours and the anmount of cytokine produced over this period
determ ned by ELISA. The cells were then reactivated by first labeling with
anti-CD3 and 15 anti-CD28 mAb and then either m xing w th autol ogous PBMC
enriched for the granulocyte fraction collected by | eukapheresis or m xi ng
with anti- CD3/anti-CD28 coated beads. Aééer 24 hours of incubation in
saline, viability of the culture had dropped to 42% conpared to the
viability of 84% of the sane cells in 20 medi um No cytokl ne production

was detectahle i —uwhile the pediumculLures cont ai ned
1500 pg/m of | FN— gamm Upon IFN- gammﬂv(@gl/lmﬂ t he cel |s cul tued in saline
did not prodg EHgUrel! © ANPARGRCDS/anti- OK! TkutoldgBustPBNIC [ hat cells for
use in adoptf ve i munot herapy| opyg ocol s should not "be forrrul aited in
sal i ne. 25 The—control culturbs—pai-Rialned iR redi-tiuwere afft i vated with
ei ther anti - [ant2 P08 healis or 29PQR ratiq of cePlS: auta ogous PBMC

enriched in |pranul cW¥es on dhy 15. S8ADKi ne product 78R was mpasured at 2
hours, 3 Bours, 4 hbinrs and 24 hour 828D 03/ 077658 IZ@DQJSOZ/ZSZO -39
CD37 ardg, 858Ut ol 0¢ ‘  hrs 5800 670

3 hr S 8200 5'= ________ 5250 "'""—"_"__"""'—:‘:""—"'v'_i' pha (pg/ m )

TNF-alpha (pg/ml)

Hours Anti-CD3/anti- Autologous PBMC
CD28

10 2 hrs ¢} 0

3 hrs 580 230

4 hrs 540 350

24 hrs 5480 5760

15 IL-4 was not detectable.

These data demonstrate that anti-CD3/anti-CD28-labeled T-cells are
reactivated prior to infusion by mixing with autologous PBMC. The
production of cytokines at 24 hr is equivalent to the production stimulated
by the same mAbs immobilized on immunomagnetic beads. When the cells

20 were formulated in autologous plasma and re-activated, the cytokine

production was maintained.
EXAMPLE 6

When looking cytokines produced as a function of the ex-vivo
immunotherapy process (i.e. from initial culture to harvest to re-infusion) it

25 was found that in culture the cells general increase in cytokine productions.
The cells are then harvested from the culture environment, and formulated

(i.e., washed and put into infusion medium). Typically there is delay from
formulation to infusion, such as for shipping. The problem, as shown herein,

is that by the time the patient and cells are ready for infusion, there is no

30 cytokine production. At that point, cell viability is also significantly



Hours Anti-CD3/anti- Autologous PBMC CD28 10 2 hrs 0 O 3 hrs 580 230 4
hrs 540 350 24 hrs 5480 5760 15 IL-4 was not detectable. These data
denonst r awe oBlatssant i - CD3/ anti - CD28- | abel ed T-cells are PeaatSovzased pri or
to infusion by m xing with autol ogous PBMC. The production of cytokines at
24 hr is equivalent to the production stinmulated by the sanme nmAbs

i mobi li zed on i nmunomagneti ¢ beads. Wien the cells 20 were formulated in
aut ol ogous plasma and re-activated, the cytokine production was

mai nt ai ned. EXAMPLE 6 Wien | ooki ng cytokipges produced as a function of the
ex-vivo i munot herapy process (i.e. frominitial culture to harvest to
re-infusion) it 25 was found that in culture the cells general increase in

cyt oki ne pro harv from ul t.ur

envi ronnent , s r%aggcr? wﬁﬁ?&%g%% gFesev\ggﬁ'%% r%% tja SRy %gﬁiﬁfaﬂnﬁi‘mm .
Typical ly thﬂ)“ Reép tHeloayls fvighte afn@rﬁwomorrcgwcwbméw on, such as for

shi ppi ng. The problem as shown herein, 1s that by the time the patient

and cells arq,g@ﬁqysi infusion, there is no 30 cyt oki ne production. At
that point, cell viability i s al so significantly WD 03/ 077658

PCT/ US02/ 29520 anpl e ent t he . r S. st udy
to determ ne how |é}{?r']qgeep e ce%“s \&eéeol 30%%*‘% o"(‘f t'cgi%% rhténgB
Vi abi | i t y5St eelyjuBatdd ibeddSMverged |d%1y‘é€‘fcﬁ acdd t@hvuatyhmntthe %I/sa\%'re CD28

5 conjugat ed beads every 3 days for fady day 12, the cells were
har vest ed, mﬁ%W@&t%d’Vﬁ%@%ﬁéﬁdéwwenﬁ ai0% xc &P sehs/mirin wariooagniusiarsi on

media. These formulated cells were stored for 48 hours at either 4° C, 22°
C or 37° C. The cells from each batch were formulated in saline, 5%
dextrose, Plasma-Lyte, Normosol orautologous plasma. Samples were taken
10 at4 h, 12 h, 24 h and 48 h and analyzed for viability and production of
interferon-gamma. Each table presents a different formulation of infusion
medium, the numbers are the percent viable cells + standard error. The

data represent the results of 6 different patients.

Saline
15 4 h 12 h 24 h 48 h
37°C 72 + 14 58 + 20 42 £ 18 |22 = 12
22°C 93 =+ 13 82 £ 17 48 = 15 |26 = 14
4°C 92 + 6 80 + 12 52 = 18 (48 + 20
20 5% Dextrose
4 h 12 h 124 h 48 h
37°C 68 =+ 12 62 = 14 50 £ 20 |35 + 25
22°C 94 + 6 90 = 10 82 + 6 20 + 20
4°C 89 + 9 78 + 20 68 = 18 |50 + 12

25



medi a. These fornulated cells were stored for 48 hours at either 4 C, 22 C
or 37 C. The cells fromeach batch were fornulated in saline, 5% dextrose,
Pl asnma- Lywe,03Momsosol or aut ol ogous pl asma. Sanpl es wer e traarsoiwsas 4 h,

12 h, 24 h and 48 h and analyzed for viability and production of

I nterferon-gamua. Each table presents a different fornulation of infusion
medi um the nunbers are the percent viable cells standard error. The data
represent the results of 6 different patients. Saline 15 4h 12h 24h-48h
37C 72 14 58 20 42 18 22 12 22C 93 433 82 17 48 15 26 14 4C92 6
80 12 52 18 48 20 20 5% Dextrose 4h 12h 24h 48h 37C 68 12 62 14 50

20 35 25 22C 94 6 90 1082 6 20 20 4C89 9 78 20 68 18 50 12 25
WO 03/ 077658 -PCT/US02/29520 41 Pl asma-Lyte 4h 12h 24h 48h 37C 92 8 80

12 75 16 25 25 22C 96 4 90 Pgagga LYGeSS 18 5 4C 94 8 9 10 84 12 62
15 Aut ol ogopis PrasfmAh 12 ¢4Q|48h 3G PRZ 972 938 58 10 22C 99 1 972
963 896 4C 9B 4 85 9 80 10178
37°C 92 + 8 80i12 75 + 16 25 + 25
22°C 96 £ 4 90 + 8 83 = 10 55 £ 18
5 |4°C 94 + 8 92 + 10 84 + 12 62 + 15
Autologous Plasma
4 h 12 h 24 h 48 h
37°C 98 + 2 97 + 2 93 + 6 86 + 8
10 [22°C 99 + 1 97 £ 2 96 = 3 89 £ 6
4°C 93 + 4 86 + 8 80 = 10 78 =+ 12
Normosol
4 h 12 h 24 h 48 h
15 [37°C 93 £+ 7 82 + 14 (70 £ 12 28 = 16
22°C 93 £ 7 85 + 6 78 + 16 58 £ 16
4°C 90 + 8 80 + 6 80 + 12 48 + 20

These results demonstrate that cells formulated in infusion medium
20 exhibit a significant decrease in viability notable within the first 12 h after
formulation. Increased temperature results in more rapid loss of viability
and decreased temperature slows the loss of viability. Formulation in
autologous plasma was capable of maintaining cell viability. In addition, in
the cells in group formulated in autologous plasma was the cytokine
25 production maintained. Representative data from one culture is shown

below:



Nor nosol 4h 12h 24h 48h 15 37C 937 8214 7012 2816 22C 93 7 85 6 78 16
58 16 4C 90 8 80 6 80 12 48 20 These results denonstrate that cells
f or mul at ewloiog/o7wsRIsSi on nmedi um 20 exhibit a significant decraser29500
viability notable within the first 12 h after fornulation. Increased
tenperature results in nore rapid loss of viability and decreased
tenperature slows the loss of viability. Formulation in autol ogous plasma
was capabl e of naintaining cell viability. In addition, in the cells in
group formulated in autol ogous plasma wagot he cytokine 25 production

mai nt ai ned. Representative data fromone culture is shown below WO

03/ 077658 PCT/ US02/ 29520 -42 | FN-Gamma Cyt oki ne Production at 22C (pg/ m)
4h 12h 24h 4 Sal-i-ne-ND-ND ND-ND 5% Dextrose NDOX ND ND ND 5 Pl asma- Lyl e

—a

240 80 ND ND|_Nor mosdfN-SammeLytatyenedustien rigG dpeimis e 9600| 6200 4800 2200
*ND =not detpctable 10 As showamhi n trezlﬁxarrplzeh beI omsweact vation in

i nfusi on nedfg,contar Ty dlleuuuy-NtJ)uJ oY d—cottgat—stge particles
also maintaips _viahilty singe the particleds do not] have to| be renoved

prior to infpB%dREXtESAVPLE 7 PNBpar at{NBn of [Ati - CD3[Nhd ant - CD28
nonocl onab apblsnadmyisol I ol da 2&5 paraoagnetN@ beads[yguman anti - CD3 and

[
: . l ol o ar o
anti -CD28 np ﬁorn{blélllubl o ar—ahft ledlul €9 12-.03 ND - ND

Autologous Plasma 9600 6200 4800 2200

f=. 3

"ND =not detectable

10 As shown in the Example, below, reactivation in infusion medium
containing antibody-conjugated colloidal size particles also maintains

viabilty, since the particles do not have to be removed prior to infusion.
EXAMPLE 7

Preparation of anti-CD3 and anti-CD28 monoclonal antibody colloidal

15 paramagnetic beads

Human anti-CD3 and anti-CD28 mouse monoclonal antibodies are

immobilized on Miltenyi Goat-Anti-Mouse (GAM) micro-beads for Th1 cell
expansion. The beads are used for activation of primed CD4 + T cells
(CD4 4+ T cells activated using Human anti-CD3 and anti-CD28

20 immobilized on Dynal beads). Advantages of using these beads include,
for example: 1) The Miltenyi beads are micro particles that remain in
colloidal suspension, as a result these beads do not settle at the bottom
of the flask in bioreactor; 2) Miltenyi micro-particles following binding to
CD4 T cells will be internalized or shed, as a result the activation signal

25 through CD3 and CD28 will be transient and not continuous; and 3) the

need to debead the product prior to infusion in patients is eliminated.



i mmobi lized on MItenyi Goat-Anti-Muse (GAM m cro-beads for Thl cell
expansi on. The beads are used for activation of prinmed CD4+ T cells (CD4+
T cell s awoisar®ses usi ng Human anti-CD3 and anti-CD28 20 i mcwhisbh2/2%e0 on
Dynal beads). Advantages of using these beads include, for exanple: 1) The
Ml tenyi beads are mcro particles that remain in colloidal suspension, as
a result these beads do not settle at the bottom of the flask in

bi oreactor; 2) MItenyi mcro-particles following binding to CH T cells
will be internalized or shed, as a resuljgthe activation signal 25 through
CD3 and CD28 will be transient and not continuous; and 3) the need to
debead the product prior to infusion in patients is elimnated. WO

03/ 077658 PC&[RE&)@J&%}ZO -43- A Materials: Goat anti-Muse 1gG MItenyi

M cr obeads iI'becco” s Phosphate Buffered Saline (dPBS) GCeneral Buffer
(dPBS with 1 % HSA) 5 OKT3 human_anti-CD3 nonocl onal Antibody, 1 ng/m
(Ortho) CD28 AS ,%&ﬁ&#%ﬁyﬁgﬁgﬁﬁwmwm&mm Antibody, 1 ng/ni (BD)
M5 or LS colum for M ni MACS or OctoMACS (M Itenyi order # 130-042-201 or
130- 042- 401) 10 MPHihemcs's Mhosehgie Butfered:Salboe ¢d2B302) or M di MACS unit
(Mltenyi order #130 042 102) Sanple CD3/CD28 Anti body Solution for Quality
Control Sanpl e OG3hedBFkerafiFiBSh wBdalise HBA)Qual ity Control M tenyi

CD3/ CD28 T-Cell Expansion Beads 15 B. Preparation To prepare the beads,

human ant 6- CD3 angkarg hu%mmﬁ@%claﬁamﬁii%&% 1 dgARdR9Red to the

sol ution of beads. The m xture of beads and anti bodi es was | ncubated room
tenperature. The BEBESAGH GRS SAL-CD28 Bulk monoclonal Antibody, 1 mg/ml

(BD)

MS or LS column for MiniMACS or OctoMACS (Miltenyi order #
130-042-201 or 130-042-401)

10 MiniMACS (Miltenyi order # 130 042 302)or MidiMACS unit
(Miltenyi order #130 042 102)

Sample CD3/CD28 Antibody Solution for Quality Control
Sample CD3/CD28 Expansion Beads for Quality Control
Miltenyi CD3/CD28 T-Cell Expansion Beads

15 B. Preparation

To prepare the beads, human anti-CD3 and anti-CD28 were mixed
at ratio of 1:1 and added to the solution of beads. The mixture of beads
and antibodies was incubated room temperature. The beads were washed
on a Miltenyi MS column 10 times to remove unbound antibodies and

20 eluted from the column using X-vivo15.

To prepare the volume of beads to be conjugated is selected.
Each 2 mL of GAM Miltenyi beads results in about 2 mL of anti-CD3/anti-
CD28 beads. Twenty ul of anti-CD3/anti-CD28 beads were required to

stimulate <107 total cells. The colloidal solution of GAM Miltenyi beads



on a MItenyi M5 colum 10 tinmes to renove unbound anti bodies and 20 el uted
fromthe colum using X-vivol5. To prepare the volune of beads to be

conj ugat ewoiog/0swbect ed. Each 2 nL of GAM M | tenyi beads r@smuss2/2952@bout 2
m. of anti-CD3/anti- CD28 beads. Twenty,ulL of anti-CD3/anti-CD28 beads were
required to stinulate <_ 107 total cells. The colloidal solution of GAM.
M I tenyi beads WO 03/ 077658 PCT/ US02/ 29520 -44 was gently vortexed to
re-suspend t he beads, which were then transferred to a 12 x 75

pol ypropyl ene tube for coupling the antijgdies. To prepare a CD3/CD28

anti body solution, CD3 and CD28 anti bodies were m xed together in equal
anounts to produce a 5 honbgeneous solution. For each 500 Sul of GAM beads

100, ug each of anti-CD3 and .anti-CD28 anti body so] ution s used. The

sol ution vvasWaﬁr%‘?ﬂ&‘éd%g‘?xﬁgﬁonrﬁ'%ﬁﬁ’fln_dg’w&ﬁ? Sofwé'r‘?}‘i Wéf%\%é% anti - CD28
anti bodi es. fansfhrddgst s anp of78 Bélﬁfr‘éb?@ﬂb%bb%fr ReupBRgThe 2PRibodiesdl
anti- CD3/anti-CD28 solution was added tor every 500 ,ul of GAM M I tenyi

10 beads and the &g%pggérgarﬁﬁ?t&ﬁ%gsa ﬁ)%td%%arﬁaﬁ%}ﬁ')r(nﬁg)% ;mggﬁléébody- bead

sol ution tube was pla on sp rotors ut es room

t enper at ur e. aitibo dieweetemixed eogethentn kqdyl amouhts eolpusdus®ma assenbl ed in
the magnetic field of an Oct oMACS separator (M| tengiqﬁl\/&gnet). A
eggds

' ( 15
col | ectioR t NBEOREHERLE SR e Of IRACRR QP! OB GEAMy 0§43 eaciped
buf fer was plage f ] s%ﬂ?t' h £ LLibrate.
The bead- ant %ﬁg y gorﬁntt???%ﬁ Cm%ﬁ;glag]glgggvontlo '%ﬁg\“’g‘{égggqtﬁ% %?'g 18{3({)&)%% um.
Ant i body- beagradhlagid oy miing equalamoghts ahdntitCDB wndl antiiGD2Y aintibbldées.
effluent was collected. The colum was washed 20 with 10 x 500 , uL GCeneral

Buf fer (dPBS wit hrdr ¥%ohioryatidndof Herhnhddies b the YdRet 2DPE HESREI Ve
fraction (contains unbound anti body). 500,ul of X- Vivol5 was applied to

the col um afk®Y aetifddd8 selistien wan adeged eneeery 500 ul of GAM Miltenyi
10 beads and the resulting mixture is gently vortexed. The antibody-bead

solution tube was placed on spindle rotors for 60 minutes at room

temperature.

To remove the unbound antibody, an MS column was assembled in

the magnetic field of an OctoMACS separator (Miltenyi Magnet). A

15 collection tube was placed under the column. 500 ul of degassed PBS
buffer was placed on top of the column and run through to pre-
equilibrate. The bead-antibody solution was loaded onto the pre-
equilibrated column. Antibody-bead solution was run through, and
unbound antibody in the effluent was collected. The column was washed

20 with 10 x 500 uL General Buffer (dPBS with 1% HSA) and total effluent
collected as negative fraction (contains unbound antibody). 500ul of X-
Vivo15 was applied to the column and the beads pushed out and stored

in a sterile 50 mL conical centrifuge tube at 4° C.



in a sterile 50 nL conical centrifuge tube at 4 C. WD 03/ 077658

PCT/ US02/ 29520 -45 EXAMPLE 8 Thl Cell Preparation using antibodies

i mrobi | i 2&0 oan7wamobeads for re- stinulation A Preparati @aTafSoy/ps20rh 1
cells 5 As in the above Exanpl es, |eukocytes (-5000 m) were obtained from
Donor/ Pati ents by | eukapheresis. The | eukapheresis product was further
purified using magnetic separation techni ques, described above, to isolate
that CD4 cell fraction (>80% pure). The CD4 cell fraction and
anti-CD3/anti-CD28 i mobilized Dynal beagg_ were incubated together for 10 3
days. Briefly, approximately 25 x 106 purified CD4+ cells were placed in a
sterile 12 x 75 culture tube with cap. The cells were centrifuged and the
super nat ant di scarded. The cells Wer%){fﬁé@ig ded in 2.5 nL X- VIVO 15
Medium (10 x 106 cells per niL). 1875 / CD28 coated sheep anti
nouse | &g (SAI\/QI 1ﬁ Dynabeads (4 x 107 beads/nL_at a 3:1 ratio of beads to
cell's) were THilspelhBEeparatign yising aptibgdiesdmrpehilized @genangheadgfarienas

pl aced into stimalagen Magnet and rocked gently 5 times to expose all of the
liquid to the magnet. At the end of 5 mnutes, with the tube on the
magnet, the AsupePregaratiox-ofithe TIb1 eells um was renoved. The tube was then 20
renoved fromthe magnetic field. The beads were gently disturbed by

tappi ng tBe tube. AEha ther dBdRIELEMMPIL! letikaePtdsy(TE0BD M)t Wetd@bbaadd pel | et
by tapping. The tube was placed on ice for 20 mnutes and vortexed gently

every 5 25 nifem &onauiRatipniniby lenkapheresis. Phe seykapbferpsie-puaduetiwesyvi vo 15
yas 20de0, Al ol RS P Rl Mk SRS 0
The isolate that CD4 cell fraction (>80% pure). The CD4 cell fraction and

anti-CD3/anti-CD28 immobilized Dynal beads were incubated together for

10 3 days. Briefly, approximately 25 x 108 purified CD4 + cells were placed

in a sterile 12 x 75 culture tube with cap. The cells were centrifuged

and the supernatant discarded. The cells were resuspended in 2.5 mL X-

VIVO 15 Medium (10 x 10° cells per mL).

1875 uL of CD3/CD28 coated sheep anti mouse 1Gg (SAM)

15 Dynabeads (4 x 107 beads/mL at a 3:1 ratio of beads to cells) were
dispensed into a 50 mL conical centrifuge tube, which was placed into
the MPC Magnet and rocked gently 5 times to expose all of the liquid to
the magnet. At the end of 5 minutes, with the tube on the magnet, the
supernatant X-Vivo 15 medium was removed. The tube was then

20 removed from the magnetic field. The beads were gently disturbed by

tapping the tube.

The purified CD4 + cells gently mixed with the bead pellet by
tapping. The

tube was placed on ice for 20 minutes and vortexed gently every 5

25 minutes during this incubation. 22.5 mL of pre-warmed X-Vivo 15 was
added to the 2.5 mL bead/cell mixture for a final concentration of 1 x 108
celis/mL. These cells were inoculated into a culture bag (LifeCell). The

bag was placed in a 37°C incubator at 5% CO, and 100% humidity. The



bag was placed in a 37C i ncubator at 5% C02 and 100% hum dity. The WO

03/ 077658 PCT/ US02/ 29520 -46 Dynal Beads were renpoved by nagnetic

separ at i oworoe®uicss ng in a cell culture m xture. B. Resti waratSopeesand
expansion of Th 1 Cells in Bags The cell culture mxture is re-stinulated
with anti-CD3/anti-CD28 5 immobilized on GAM M| tenyi m crobeads (M Itenyi
Bi ot ec, Auburn CA), prepared as described in EXAMPLE 7. At day 3 (72 hours
post initiation, the contents of the bag were gently but thoroughly m xed,
and t hen transferred to a 50 nL conicalggentrifuged tube, which was pl aced
into the MPC Magnet for 5 minutes. The supernatant was rempved and into a
10 fresh 50 nL conical centrifuge tube. About 5.0 n1_ of the vveII-mxed cel l
suspensi on Wﬁ n Lsngterred . [ ntvo ch of t ubes ana é@e tube
cont ai ni ng t R BLPRAAY W& "eamq e %,5%%@ if figkara ﬂf‘rrrersH '&tafﬁ 0 rpmfor
5 m nutes, apdittRemisuper natant was transferred into another sterile 50 nL
coni cal centrifuge 15 tube, centrifuged and resuspended in conditioned

medium at a gell gdg hﬁﬂatbd?{ f'%f%égﬁ’"ﬁ Jrﬁllcon V}FCBQ%JM from Sysnex x

vol une of e |umx o Vi a ioned nmediumto add) and

T06.cel 15 was addBhe RN BITI Ryl Bamilr ptave B AnsoCh e Daf ™ =

vort exi ngSQ%ﬁﬁrﬁbbﬂ%HYoﬁGAMWIﬂﬁerﬁWrmr@&)Béh%ls' mmaw BrbteWﬁ@buﬂ%%t ion is
conplete the density is adjusted x’g addition of a 5 (v/v) mxture of

condi ti oned ReaFaiad mdieraf:@bledxn\ﬁ VP& @. 1A’§<dal%(&lhlosuw%ﬂ'h”e’setlm,l S

are inocul at |.ture ba |ncubat d Eac of the
i ncubati on, ﬁ“dep%%{i)%ﬁs o?wpﬁgja\ﬁow?r?@%fquﬂ‘bew&?lég ¢ 1g a glythfe& fresh
medi um t o r ephABigifedtd bi BOhSL 8BHical BRYTUYBEHtAbE! AHIEh SvadBR3HARIS58
PCT/ US02/ 29520

the MPC Magnet for 5 minutes. The supernatant was removed and into a

10 fresh 50 mL conical centrifuge tube.

About 5.0 mL of the well-mixed cell suspension was transferred
into each of 2 tubes for analyses. The tube containing the bulk of the cell
suspension was centrifuged at 1200 rpm for 5 minutes, and the
supernatant was transferred into another sterile 50 mL conical centrifuge

15 tube, centrifuged and resuspended in conditioned medium at a cell density
of 100 x 10° cells/mL (WBC count from Sysmex x volume of medium x %

viability)/100 = mL of conditioned medium to add) and placed on ice.

20 uL of anti-CD3/anti-CD28-GAM-Miltenyi microbeads per 10 x
10°% cells was added, mixed well, incubated on ice for 20 minutes,

20 vortexing gently every 5 minutes during the incubation.

When incubation is complete the density is adjusted by addition of
a 25:75 (v/v) mixture of conditioned medium and fresh X-Vivo 15 to 1 x
10° cells/mL. These cells are inoculated into a new culture bag and
incubated. Each day of the incubation, a portion of the working
25 supernate is exchanged for fresh medium to replenish nutrients and

remove waste products.



-47 On day 6 and day 9 of the culture, the cell culture mxture is re-
stinulated with anti-CD3/Anti-CD28 i movbilized on GAMM Itenyi Mcro
Beads. 20wplosof7esht i - CD3/ anti - CD28- GAM M | t enyi m cr obead®ChaS02/2080ed per
10 x 106 cells that had been resuspended at a density of 100 5 x 106/ ni.
The tube containing the cell/bead suspension was placed into an ice bath
for twenty mnutes and m xed gently every five mnutes during the cold

i ncubation, the cells bead m xture is transferred to a culture bag, which
was placed in the incubator. On day 183, Qe cells were harvested. 10 C
Results The resulting cells had the fol oW ng properties, which indicate
that they are pol ycl onal Th 1 cells: A Purity -99% CD4+ and CD3+. B.

Viabilit 90% C. P t K t
about 10 ng per N ArbiE 2R ey 3" AGeriRth o the sl cPRORS ekt 8 e "o o
produce det eg{lhﬁll@tey%theélﬂl C'f)3/12?1‘i’1’ci'39t)2@3r M%%ll&%ﬁec% a8 Mibeeksi l\ﬁlgrcﬁL Do

not have detectible CTLA-4 on cell surface. H. gene expression | evel
these cel | s Behilbi t20 L QfearHcGDﬁ/en’e@QSSGAM-MHtBNFFrglmmbﬁadst_v@as | L- 15,

| L-18, TNF- | F- b bl | L-4 |l L-5 P35,
L opao. | 129883 pef oG XG0 odls A at bESh Pasuinengn At 4 Gy, o6 380
PCT/ US02/ 895201 08/48L EXﬁéfl?hﬁe%oR@%mg/ﬂﬁé e8Il Meab&uspeHsiohInesH|5EEPinto

anti bodi es conjugated to colloid
an ice bath for twenty mlnutes and mixed gently every five minutes

during the cold incubation, the cells bead mixture is transferred to a
culture bag, which was placed in the incubator. On day 13, the cells

were harvested.
10 C. Results

The resulting cells had the following properties, which indicate that

they are polyclonal Th1 cells:
A. Purity ~99% CD4+ and CD3+.
B. Viability > 90%

15 C. Produce a large amount of INF-gamma cytokine (up to about

10 ng per million cells)
D. Do not produce detectible IL-4
E. Do not produce detectible TGF-beta
F. Do not produce detectible IL-10.
20 G. Do not have detectible CTLA-4 on cell surface.
H. At gene expression level these cells exhibit:

1. detectible expression of INF-gamma, IL-2, IL-15, 1L-18,
TNF-alpha, TNF-beta.

2. undetectable IL-4, IL-10, IL-5, IL-12P35, I1L-12P40, IL-
25 1beta, IL-150 alpha, IL-6 expression.



si ze paramagnetic beads Resting Th 1 cells harvested cells produced by any
nmet hod can be 5 used. In this exanple, the Thl cells were produced by the
met hod | rwOBXANBEE 7. The cells were washed to renove al | PEIfiESom2dt5aNt
liquid, such as mediumfromthe cell culture), and placed in fresh nmedi um
and re- stimulated with anti-CD3/anti-CD28 i mobilized on MItenyi mcro
beads as in EXAMPLE 7. 10 After the initial incubation, the cells were
re-suspended in new clean nmediumand allowed to incubate 24 hours. The
resulting cell culture mxture has all _gp& the characteristics associ ated
with cells when originally harvested. In"was found that these cells

exhi bit augnented | NF-ganma production following stinulation (up to 2.5 ng
per mllion cells in 24 15 hours). Shg@ﬁﬂgﬁgk%ications will be apparent to
those of skill in this art, it is i at this invention be limted
only by the ﬁcqge of the a&genﬁed claims. WO 03/077658 PCT/ US02/ 29520

- 49~ CLAI vs: Reactivatiomgficelis HpingsE Rg/ CPBrntikadies goniudased dd gelleidabus| y
activat ed orsigeipssamagpeti¢c beadgherein the T-cells are cells for adoptive

i mrunot herapy; and 5 infusing theminto a subject. 2. The nethod of claim
1, wherein the ceRéestirgg &hrlesdlischdrokbtaul ogls prydieetdi g ang.métdeimed of
claim1l o$ cl ai ﬁi wherein the hﬁ%vested cells are frozen and then thawed

prior to Peat¥i%a Uis exgraplerthe t1hQﬁJ'So‘f"e%PrQﬁUf_iﬁdaPVrﬁh;'c-fB?TWeiﬂei n, the
cells are aEf(AWITQ‘.dWOTH@rc%II:E Wé}e.a\%tgﬁeéltQQPéﬁgggélpguﬁ&n'a%ﬁFﬂqQﬁd, 5. The

met hod of any of clains 1-4, wherein e cel
such as medium from the cell culture), and placed in fresh medium and re-

stimulated with anti-CD3/anti-CD28 immobilized on Miltenyi micro beads
as in EXAMPLE 7.

10 After the initial incubation, the cells were re-suspended in new
clean medium and allowed to incubate 24 hours. The resulting cell culture
mixture has all of the characteristics associated with cells when originally
harvested. In was found that these cells exhibit augmented INF-gamma
production following stimulation (up to 2.5 ng per million cells in 24

15 hours).

Since modifications will be apparent to those of skill in this art, it is
intended that this invention be limited only by the scope of the appended

claims.



rested for about 24 to about 120 hours. 6. The nethod of any of clainms 1-5,
wherein the cells are 15 rested for about 72 to about 96 hours. 7. The
met hod ofwarg/oofes&l ai ns 1-6, wherein re-activation is ef P€TtuEsd2/m520
contacting the cells with activating nonocl onal antibodies. 8. The nethod
of any of clainms 1-6, wherein re-activation is effected by 20 contacting
the cells with activating nonocl onal antibodies; and then mxing the with
peri pheral bl ood nonocytes (PBMC). 9. The nethod of claim7 or claimS8,
wherein the activating nonoclonal antibggies are inmobilized on cells. WO
03/ 077658 PCT/ US02/ 29520 -50 10. The nethod of any of clains 7-9, wherein
the activating nonoclonal antibodies are imopbilized colloidal size
particles. 1é AB}@_HH hod of claim 10, wherein the colloidal size particles
are paramagn E‘ éads. 5 12. The nmethod of any of clainms 1-11, wherein the
harvested T- cells are produced by collecting source material froma
subject;: purifying T- @emeéh?gro?ﬁ%ﬁé's@@ﬁrce material; and activating the
T-cells a mnimumof 3 tinmes at 2-4 day 10 intervals, whereby a highly pure
popul ati on of pol ycl oneg-agttatimg horyesied nseviogshyr activaieéd arprimed Treehied of
any of claing, 1-12, rein the T-cellg are .purified CD4+ cells. 14. The
net hod of cl &fhﬁrﬁ'@,tm}c&”ﬁ ‘?ﬁé’%ﬁ)ﬁgr 8§PP§V%H'§'“‘H{I}9t5P@cPV'f6‘ y positive
sel ection_15. The method of claim 14, wherein the CD4+ cells are purged

5 infusing them into a subject.

2. The method of claim 1, wherein the cells are rested following
harvesting.
3. The method of claim 1 or claim 2, wherein the harvested

cells are frozen and then thawed prior to reactivation.

10 4, The method of any of claims 1-3, wherein, the cells are

activated no more than about 4 hours prior to infusion.

5. The method of any of claims 1-4, wherein the cells are

rested for about 24 to about 120 hours.

6. The method of any of claims 1-5, wherein the cells are

15 rested for about 72 to about 96 hours.

7. The method of any of claims 1-6, wherein re-activation is

effected by contacting the cells with activating monoclonal antibodies.

8. The method of any of claims 1-8, wherein re-activation is

effected by

20 contacting the cells with activating monoclonal antibodies; and

then
mixing the with peripheral blood monocytes (PBMC).

9. The method of claim 7 or claim 8, wherein the activating

monoclonal antibodies are immobilized on cells.



of CD45RO + cells 16. The nethod of claim 12, wherein the source material
is purged of platelets 20 17. The nethod of claim15, wherein the source.
mat eri al wWo o3pureged of platelets 18. The method of clai m PEI/usazesen t he
source material is purged of nonocytes. 19. The nethod of claim17,
wherein the source material is 25 purged of nonocytes. WO 03/077658

PCT/ US02/ 29520 -51 20. The nethod of claim 12, wherein the initial
activation of the T-cells is effected by contacting the cells with

i nobi |i zed anti-CD3 and anti-CD28 mAbsgp2l. The nethod of claim 20,
wherein the anti-CD3 and anti- 5 CD28 s are immobilized on

i mmunomagneti ¢ beads. 22. The nmethod of claim 20, wherein the anti-CD3 and

anti- CD28 mAbs areg i bilized, on _col loidal size particles. 23.. The et hod
of any of clains i?’zz%ﬁé}‘&_ﬁh":d o?ﬁgy'lg-fc%!?'ln%s ZF%’ Y‘@?f@ﬂ tp&ra‘?fﬁ’-aﬂ'@_ hour s

af ter harvestionotforhahaltRbdiéd BrdnRbARRY EoidPAdiRsS paiitdedli Xxed with

aut ol ogous peri pheral bl ood nonocytes (PBMC) prior to infusion. 24. The

nmet hod of any of ghai - i 43 h - col - §St: -120
hours after har vegt1;' nﬁgéc%%hadﬁqgﬁi%!ﬂ??m(lt)’m%rlohbir%'ﬁzﬂg gcgzl |'(§/§tsf'%é;pémql%%di es;
and fornul at etk paramadgnetiobea@s. The net hod of claim 24, wherein the cells

are forum ated in infusion medium 26. A conposition of T-cells,
conprising T-cell g2areThdspetiirRAof Bny of claims 1-11, wherein the harvested T-

cells are produced by
collecting source material from a subject;
purifying T-cells from the source material; and

activating the T-cells a minimum of 3 times at 2-4 day
10 intervals, whereby a highly pure population of polyclonal Th1

memory cells are produced.

13. The method of any of claims 1-12, wherein the T-cells are

purified CD4 + cells.

14. The method of claim 13, wherein the CD4 + cells are purified

15 by positive selection

15.  The method of claim 14, wherein the CD4 + cells are purged
of CD45RO + cells

16. The method of claim 12, wherein the source material is

purged of platelets

20 17. The method of claim 15, wherein the source. material is

purged of platelets

18. The method of claim 12, wherein the source material is

purged of monocytes.

19. The method of claim 17, wherein the source material is

25 purged of monocytes.



20 plasma, wherein the plasma is autol ogous with respect to the T-cells.

27. The conposition of claim26, wherein the cells are suspended at a
density oWoat/ofwast about 107 cells per m. 28. The conpo®criusnz/efs2€] ai m
26, wherein the cells are suspended at a density of at |east about 108
cells per m. WD 03/077658 PCT/ US02/ 29520 -52 29. The conposition of any o
clainms claim26-28, wherein the T- cells are | abeled wth nonocl onal

anti bodies. 30. A conposition of T-cells, conprising T-cells; and anti-CD3
and anti-CD28 mAb-conj ugated col | oi dal F e particles. 5 31. The
conposition of cIa|n130 wherein the cells at a density of at |east about
10" cells per . 32. The conp05|t|on of claim 30, wherein the cells at a

density of at t about 1 e e he. co any of
cl ai ms~ 30- 32, vvhe ? 3@&?‘8&% 6?35\'?' ﬁ%e%*}ﬁéﬁ'” S '0g1e rr%ﬁ ‘ﬁ i&es or
extendi ng t he-sdigl ib- éffécﬁeafbchsﬁ{éo%mb%ea@@et\M/tﬁ .rﬁrﬁayneé&%rnepamcmr' sing
suspending the T-cells in autol ogous plasma. . The nethod of claim1,

wher ei n t he BatWeR28dnAdISI s conprise at |east 50% Thl cells. 15 36. The
met hod of .any of clains 1-25 and 35, wherein the harvested cells conprise
at least 70% Th 12del | §he371eth‘ﬂtboﬁetd1md2©f wangyeiof thel antine 33 3hd atidi-35,
wherein the §E) vested cells Ieast 50% Th2 cells. 38. The nethod of any
of clains BABS ffframe 'I'?@ op INAUNNPAGNRYS Peads: | east 70% Th2
cells. 39. The met hod of claim8, wherein the PBMC are autol ogous wth
respect to the T- @& | sThagnethed abclin 20, whereinghewndi-GDB ahd aPBNC ar e

al I ogenei c CD28 mAbs are immobilized on colloidal size particles.

23. The method of any of claims 1-22, wherein:
the T-cells are rested for 72-120 hours after harvest;
10 labeled with monoclonal antibodies; and

mixed with autologous peripheral blood monocytes (PBMC) prior to

infusion.
24. The method of any of claims 1-22, wherein:
the T-cells are rested for 72-120 hours after harvest;
15 contacted with immobilized activating antibodies; and
formulated for infusion.

25. The method of claim 24, wherein the cells are forumlated in

infusion medium.

26. A composition of T-cells, comprising T-cells are suspended in

20 plasma, wherein the plasma is autologous with respect to the T-cells.

27. The composition of claim 26, wherein the cells are suspended

at a density of at least about 107 cells per ml.

28. The composition of claim 26, wherein the cells are suspended

at a density of at least about 108 cells per ml.



with respect to the T-cells. 25 41. A conposition produced by the nethod of
claim7. WO 03/077658 PCT/ US02/ 29520 -53 42. A conposition produced by the
nmet hod ofwarwg/oofesgl ai ns 1- 25 and 35-40. 43. A conpositi oRCTASNPI530 Nng
activated T-cells and autol ogous peripheral blood nonocytes (PBMC). 5 44.
The conposition of claim42 or claim43, wherein the PBMC are autol ogous
with respect to the T-cells. 45. The conposition of claim42 or claim43,
wherein the PBMC are allogeneic with respect to the T-cells. 46. The

met hod of any of clains 1-25 and 35-40,_§?§rein the 10 cells are infused
into a patient fromwhom the peripheral ood nonocytes (PBMC) were
renoved.

29. The compos'ition of any o claims claim 26-28, wherein the T-

cells are labeled with monoclonal antibodies.
30. A composition of T-cells, comprising T-cells; and
anti-CD3 and anti-CD28 mAb-conjugated colloidal size particles.

5 31. The composition of claim 30, wherein the cells at a density

of at least about 107 cells per ml.

32. The composition of claim 30, wherein the cells at a density of

at least about 108 cells per ml.

33. The composition of any of claims 30-32, wherein particles

10 are dextran coated.

34. A method for extending the shelf-life of T-cells for adoptive

immunotherapy, comprising suspending the T-cells in autologous plasma.

35. The method of claim 1, wherein the harvested cells comprise
at least 50% Th1 cells.

15 36. The method of any of claims 1-25 and 35, wherein the

harvested cells comprise at least 70% Th1 cells.

37. The method of any of claims 1-25 and 35, wherein the
harvested cells at least 50% Th2 cells.

38. The method of any of claims 1-25 and 35 wherein the
20 harvested cells at least 70% Th2 cells.

39. The method of claim 8, wherein the PBMC are autologous

with respect to the T-cells.

40. The method of claim 8, wherein the PBMC are allogeneic

with respect to the T-cells.

25 41. A composition produced by the method of claim 7.
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42. A composition produced by the method of any of claims 1-
25 and 35-40.

43. A composition, comprising activated T-cells and autologous

peripheral blood monocytes (PBMC).

44, The composition of claim 42 or claim 43, wherein the PBMC

are autologous with respect to the T-cells.

45. The composition of claim 42 or claim 43, wherein the PBMC

are allogeneic with respect to the T-cells. -

46. The method of any of claims 1-25 and 35-40, wherein the
cells are infused into a patient from whom the peripheral blood monocytes

(PBMC) were removed.



