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binds to CD28 on a T-cell. Methods of stimulating the expansion of certain
subsets of T-cells 25 have the potential to generate a variety of T-cell
conposi t i onsDesngiptibn iohthel iRelated Adr apy. Successful inmmunot herapy can be
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To sustain T-cell activation, T lymphocytes typically require a
second co-stimulatory signal. Co-stimulation is typically necessary for a T
helper cell to produce sufficient cytokine levels that induce clonal expansion.
20 Bretscher, Immunol. Today 13.74, 1992; June et al., Immunol. Today 15:321,
1994. The major co-stimulatory signal occurs when a member of the B7 family
ligands (CD80 (B7.1) or CD86 (B7.2)) on an activated antigen-presenting cell
(APC) binds to CD28 on a T-cell.
Methods of stimulating the expansion of certain subsets of T-cells
25 have the potential to generate a variety of T-cell compositions useful in
immunotherapy. Successful immunotherapy can be aided by increasing the
reactivity and quantity of T-cells hy efficient stimulation.
The various techniques available for expanding human T-cells
have relied primarily on the use of accessory cells and/or exogenous growth
30 factors, such as interleukin-2 (IL-2). IL-2 has been used together with an anti-
CD3 antibody to stimulate T-cell proliferation, predominantly expanding the
CD8* subpopulation of T-cells. Both APC signals are thought to be required for
optimal T-cell activation, expansion, and long-term survival of the T-cells upon




re-infusion. The requirement for MIC-matched APCs as accessory cells
presents a significant problemfor long-termculture systens because APCs
are rel avpwaloggshort-1ived. Therefore, in a | ong-term culPCorsSoyyastem APCs
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for a 5 renewabl e supply of accessory cells is problematic for treatnent of
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generated, activated T-cell population should be in a state that can maximally
orchestrate an immune response to cancer, infectious disease, or other disease
states. The present invention provides methods to generate an increased
number of more highly activated and more pure T-cells that have surface
25 receptor and cytokine production characteristics that appear more healthy and
natural than other expansion methods.
In addition, the present invention provides compositions of cell
populations of any target cell, including T-cell populations and parameters for
producing the same, as well as providing other related advantages.

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



WO 03/ 024989 PCT/ US02/ 28161 |east a portion of the T-cells and stinul ates
said T-cells, and wherein said T cells expand to a concentration of about
bet ween 6wW® 03085198€l | s/ M and about 90 X 106 cells/m in PesaISOIZ8I6EBbOUL
two weeks. In one enbodinent, the T cells are derived froma single

I ndi vidual and the T cells expand froma starting nunber 5 of cells of
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enbodi ment smedibanclldes b ys hentirhited toeRFAYGI1 t64RrAINBY, DMEM|, MEM poitERINd
control forF-?é?Bé-{/R/ot 'i%,n%fn rXt-\?ivenﬁlo.f rmnf&ﬁﬂ& embodiments, the media can
comprise a cytokine, such as IL-2, IFN-y, IL-4, GM-CSF, IL-10, IL-12, TGFB,
25 and TNF-q, or a vitamin. In further embodiments, the medium comprises
surfactant, an antibody, plasmanate or a reducing agent (e.g. N-acetyl-cysteine,
2-mercaptoethanol).
In further embodiments, the closed system of the present
invention comprises a bioreactor culture container positioned on a platform
30 capable of rocking. In certain embodiments, the speed and the angle of the
rocking platform are variable. In further embodiments, the rocking of said
platform is initiated on about day 3 at about 5-15 rocks/minute. In yet other
embodiments, the platform further comprises a variable heating element, a
magnet, and a gas manifold In certain embodiments, the closed system further
35 comprises a syringe pump and control for sterile transfer to and from said
closed system.
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cl osed system 3 WD 03/024989 PCT/US02/28161 In a further enbodi nent, the
nmet hods of the present invention provide for a surface that has attached
t heret o awbDiosme498gent that ligates a first T- cell surfacecmiser/ssief a

T-cell, and the same or a second surface has attached thereto a second
agent that ligates a second noiety of said T-cell, wherein said 5 ligation
by the first and second agent induces proliferation of said T-cell. In a
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another embodiment, the third agent is an anti-4-1BB antibody or antibody
fragment thereof.
The present invention also provides for populations of T cells
25 produced according to the methods as described herein.
One aspect of the present invention provides for an apparatus,
comprising a closed culture container comprising at least one outlet filter and
one inlet filter; said closed culture container having inside a volume of culture
medium comprising expanded T cells at a density of from about 6 X 10° cells/ml
30 to about 90 X 108 cells/ml. In certain embodiments the expanded T cells are at
a density of from about 10-50 X 10° cells/ml. In further embodiments, the
medium of the apparatus further comprises a surface wherein said surface has
attached thereto a first agent that ligates a first cell surface moiety of a T-cell,
and the same or a second surface has attached thereto a second agent that
35 ligates a second moiety of said T-cell.



and the sane or a second surface has attached thereto a second agent that
35 ligates a second noiety of said T-cell. 4 WO 03/024989 PCT/ US02/ 28161
One aspecwO®B/ 024989 present i nvention provides for conpositiPecrAISOD2YIGi Sing a
total of 100 X 109 activated and expanded T cells froma single

I ndi vi dual . Anot her aspect of the present invention provides for nethods
for 5 expanding a popul ation of cells by ceII surface noiety ligation,
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second agent induces proliferation of said T-cell; following contact with said
surface for a period of time of about between 0 and 5 days, seeding said
population of cells at a concentration of between about 0.2 X 10® and 5.0 X 10°
cells/ml in a closed system comprising a disposable bioreactor bag comprising
25 at least one inlet filter and one outlet filter; perfusing medium through said
closed system at about 1 ml/minute; rocking said bioreactor bag on a rocking
platform at about 5-15 rocks/minute; and wherein said T cells expand to a
concentration of about between 6 X 10° cells/ml to about 90 X 10° cells/ml in
less than about two weeks.
30 The present invention also provides populations of T-cells wherein
said T-cells are proliferating and wherein said population is at a concentration
of between about 6 X 10° cells/ml and about 90 X 10° cells/ml. In one
embodiment, the population of T-cells reaches a total cell number of between
about 100 X 10° and about 500 X 10° in less than 2 weeks in culture.



enbodi nment, the population of T-cells reaches a total cell nunber of
bet ween about 100 X 109 and about 500 X 109 in less than 2 weeks in
cul ture. WOW®0DBRD24989 PCT/ US02/ 28161 These and ot her a®peaiss2/zfiét he
present invention will becone evident upon reference to the follow ng
detail ed description and attached draw ngs. BRI EF DESCRI PTI ON OF THE
SEVERAL VIEWS OF THE DRAWNGS 5 Figure 1 is a plot conparing the total
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stimulation (XCELLERATE I[I™) with cells activated without magnetic
concentration and stimulation (XCELLERATE I™).
20 Figures 5A-5B are plots depicting T-cell activation and expansion
with XCELLERATE I™ PBMC (5A) or PBMC having been frozen and thawed
(5B) to initiate the XCELLERATE I™ process.
Figures 6A-6B are plots depicting time course analysis of CD25
expression following activation of T-cells in one donor sample (PC071) during
25 the XCELLERATE I or ™ process. Restimulation was performed at the 8 day
mark to simulate in vivo activation. Figure 6A, depicts CD25 expression on
CD4" cells, while Figure 6B depicts CD25 expression on CD8" cells.
Figures 7A-7B are plots depicting time course analysis of CD154
expression following activation of T-cells in one donor sample (PC071) during
30 the XCELLERATE I or II™ process. Restimulation was performed at the 8 day
mark to simulate in vivo activation. Figure 7A, depicts CD154 expression on
CD4" cells, while Figure 7B depicts CD154 expression on CD8* cells.
Figures 8A and 8B are plots illustrating growth of human
peripheral blood T-cells following stimulation with anti-CD3 and anti-CD28 co-
35 immobilized beads utilizing process set forth in Example IX.




Figures 8A and 8B are plots illustrating growh of human peripheral bl ood
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20 expression profile of CD25 on CD8" cells.
Figures 14A and 14B are flow cytometry data plots representing
CD154 expression following secondary stimulation, wherein primary and
secondary stimulation sources were varied. Figure 14A represents the
expression profile of CD154 on CD4* cells, while Figure 14B represents the
25 expression profile of CD154 on CD8* cells.
Figure 15 is a flow cytometry data plot representing CD137
expression on all expanded T-cells in sample following secondary stimulation.
Figures 16A and 16B are flow cytometry data plots representing
CD54 expression following secondary stimulation, wherein secondary
30 stimulation sources were varied. Figure 16A represents the expression of
CD54 on CD4"* cells, while Figure 16B represents the expression of CD54 on
CD8"* cells.

Figures 17A-17D are flow cytometry data plots representing cell

phenotypes as well as CD154 and CD137 expression following secondary

35 stimulation by anti-CD3 and anti-CD28 coupled beads of T-cells obtained from
a patient with B-cell chronic lymphocytic leukemia. Figures 17A and 17B



CD8+ cells. Figures 17A-17D are flow cytonetry data plots representing cell
phenotypes as well as CD154 and CD137 expression follow ng secondary 35
stinul at iwo o248t i - CD3 and anti - CD28 coupl ed beads of T-@erltsopiiai ned
froma patient with B-cell chronic |ynphocytic | eukem a. Figures 17A and
17B 7 WD 03/024989 PCT/ US02/ 28161 represent CD4+ and CD8+ cells present
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(22B), prior to anti- CD3 anti - ?comrm ad stinul ation.
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anti - cD3 and®f Qmsﬂcmleg, versus control stalnlng (e g., background) in cells with both
20 CD4 and CD8 sub-populations (22A) or CD4-enriched populations (22B), prior
to anti-CD3 and anti-CD28 co-immobilized bead stimulation.
Figures 23A-23B are plots representing ELISA analysis of TNF-a
(23A) and IFN-y (23B) in media following stimulation of peripheral blood
lymphocytes with anti-CD3 and anti-CD28 co-immobilized beads.
25 Figures 24A-24B are plots representing ELISA analysis of IL-4
(24A) and IL-2 (24B) in media following stimulation of peripheral blood
lymphocytes with anti-CD3 and anti-CD28 co-immobilized beads.
Figure 25 is a plot depicting increase in T-cell size following
stimulation of peripheral blood lymphocytes with anti-CD3 and anti-CD28 co-
30 immobilized beads and using forward scatter analysis.
Figures 26A-26L are bar graphs representing flow cytometry data
of CD62L expression (mean fluorescence intensity, MFI) (26A), CD49d (MFI)
(26B), CD25 (MFI) (26C), CD69 (MFI) (26D), CD154 (MFI) (26E), forward light
scatter (size) (26F), viability (% live gate) (26G); all following stimulation with
35 anti-CD3 and anti-CD28 co-immobilized beads and re-stimulation with the same



30 immobilized beads and using forward scatter analysis. Figures 26A-26L
are bar graphs representing flow cytonetry data of CD62L expression (nean
fl uor escewoasjooensity, M-l) (26A), CD49d (MFI) (26B), CP2I/USMAS16(26C),
CD69 (MFI) (26D), CD154 (MFI) (26E), forward light scatter (size) (26F),
viability (%live gate) (26G; all following stinmulation with 35 anti-CD3
and anti-CD28 co-imobilized beads and re-stinulation with the sane 8 WO

03/ 024989 P 2/
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Wt hin the 8ueh slimulgtion- wfenssto thechgation of a T-cell surface moiety that in one
embodiment subsequently induces a signal transduction event, such as binding
20 the TCR/CD3 complex. Further, the stimulation event may activate a cell and
upregulate or downregulate expression or secretion of a molecule, such as
downregulation of TGF-B. Thus, ligation of cell surface moieties, even in the
absence of a direct signal transduction event, may result in the reorganization
of cytoskeletal structures, or in the coalescing of cell surface moieties, each of
25 which could serve to enhance, modify, or alter subsequent cell responses.

The term “activation”, as used herein, refers to the state of a cell
following sufficient cell surface moiety ligation to induce a noticeable
biochemical or morphological change. W.ithin the context of T-cells, such
activation, refers to the state of a T-cell that has been sufficiently stimulated to

30 induce cellular proliferation. Activation of a T-cell may also induce cytokine
production and performance of regulatory or cytolytic effector functions. Within
the context of other cells, this term infers either up or down regulation of a
particular physico-chemical process.

The term “force”, as used herein, refers to an artificial or external

35 force applied to the cells to be stimulated that induces cellular concentration




activation, refers to the state of a T-cell that has been sufficiently
stinulated to 30 induce cellular proliferation. Activation of a T-cell may
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effector functions. Wthin the context of other cells, this terminfers
either up or down regulation of a particular physico-chem cal process. The
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nonocl onal antibodies; prinatize ... humani zed nouse- human;
by a magnetic field. Thus, in t |s context while cells and beads have previous
contact and ligation, nevertheless, during concentration of cells additional
ligation occurs.
The term “target cell”, as used herein, refers to any cell that is
25 intended to be stimulated by cell surface moiety ligation.

An “antibody”, as used herein, includes both polyclonal and
monoclonal antibodies; primatized (e.g., humanized); murine; mouse-human;
mouse-primate; and chimeric; and may be an intact molecule, a fragment
thereof (such as scFv, Fv, Fd, Fab, Fab’ and F(ab)’s fragments), or multimers or

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

35 e.g., by the incorporation of galactose residues. This includes, e.g., F(ab),
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nouse-primate; and chineric; and nmay be an intact nol ecule, a fragnent
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mul ti mer sworo3@d9sggr egat es of intact nol ecul es and/ or frageErise/2aand may
occur in nature or be produced, e.g., by inmmunization, synthesis or
genetic engineering; an "antibody fragnment,"” as used herein, refers to
fragments, derived fromor related to an antibody, which bind antigen and
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conpl enent arﬁ ﬁﬁt of nol ecul es that denonstrate specific binding, generally
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denonst gt e coRPldrhétary set of molecules that demonstrate specific binding, generally of
relatively high affinity (an affinity constant, Kg, of about 106 M-1).

A “co-stimulatory signal”, as used herein, refers to a signal, which
in combination with a primary signal, such as TCR/CD3 ligation, leads to T-cell
proliferation.

25 A ‘ligand/anti-ligand pair’, as used herein, refers to a
complementary/anti-complementary set of molecules that demonstrate specific
binding, generally of relatively high affinity (an affinity constant, Ka, of about 106
M-1). Exemplary ligand/anti-ligand pairs enzyme/inhibitor, hapten/antibody,
lectin/carbohydrate, ligand/receptor, and biotin/avidin or streptavidin. Within the

30 context of the present invention specification receptors and other cell surface
moieties are anti-ligands, while agents (e.g., antibodies and antibody
fragments) reactive therewith are considered ligands.

“Separation”, as used herein, includes any means of substantially
purifying one component from another (e.g., by filtration or magnetic attraction).

35 “Quiescent”, as used herein, refers to a cell state wherein the cell
is not actively proliferating.
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Additionally, while still not wishing to be bound by theory, the present invention
may function by providing optimal aeration for the expanding cells. Thus, cell
25 surface moiety ligation combined with aeration through rocking and perfused
media lead to unexpectedly robust cell activation and expansion of T-cells to
unexpectedly high densities and absolute numbers. Accordingly, within the
context of T-cells, the present invention provides a variety of unexpected
advantages, first it eliminates the need for a separate monocyte-depletion step
30 using “uncoated” particles, simplifies expansion of T-cells by requiring fewer cell
transfers and fewer reagents, increased level of T-cell activation during
activation process, significantly reduces the time to achieve cell numbers
adequate for cell therapy, reduces time and labor involved in the processing of
the cells, reduces the cost of manufacturing, and increases the flexibility of
35 scheduling patient processing and infusions.
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Accordingly, within the context of T-cells, the present invention provides
a variety of unexpected advantages, first it elimnates the need for a
separ at e nonocyte-depl etion step 30 using "uncoated" particles, sinplifies
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controlled é@galb@rgfgra&@apf)eﬁ@ﬁtl surface nmoi eties could be of practical
benefit. In one exanple, nornal g_c i.vation by ant@tgen aad antigen
?ﬁl

15 presenting cel l's USWNe ?’@E‘ﬁﬂ t@fm' bacivatipndyy geiigenapd antigen
cyt oskeli st apresentingaselizausoaly pesutsi rataggregtioraadfi TAR aaftssicytuskeletald cel |

her et n (uSa TR, polflzAa T BE JERURIGP SRS 8P NP, RY SaRRIE ) o
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For met hOdslmor;rogeé ﬁ‘expgnsmn i Vitto (rjes ing mehlgﬁer Aumbets o{‘ ﬁ#useable and
more robust cells for therapeutic applications. In particular, the present
invention provides for methods of activating and expanding T-cells to very high
densities (ranging from 6 X 10° cells/ml to 90 X 10° cells/ml) and results in

25 production of very high number of cells (as many as 800 billion cells are
expanded from one individual from a starting number of cells of about 0.5 X 10°
cells) Other benefits could be improved receptor “aggregation” for cells with
defects, such as lower-than-normal TCR density on the cell surface. Similarly,
in vivo applications could be beneficial where specific T-cell populations need to

30 Dbe activated, such as tumor-specific T-cells at tumor sites. Improved receptor
aggregation and orientation could provide an activation signal otherwise difficult
to obtain for functionally tolerized T-cells. Further, such activation could be
used within the context of antigen specific T-cells. In this regard T-cells from a
tumor could be isolated and expanded and infused into the patient. Similarly,

35 T-cells exposed to an antigen either in vivo or in vitro could be expanded by the
present methodologies.
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densities (ranging from6 X 106 cells/m to 90 X 106 cells/m) and results
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CD28 are Co- |mmob|I|zed on a surface. A preferred surface for such

immobilization includes particles, and in certain aspects, beads, such as

paramagnetic beads. In another aspect of the present invention, any ligand

25 that binds the TCR/CD3 complex and initiates a primary stimulation signal may

be utilized as a primary activation agent immobilized on the surface. Any ligand

that binds CD28 and initiates the CD28 signal transduction pathway, thus

causing co-stimulation of the cell with a CD3 ligand and enhancing activation of

a population of T-cells, is a CD28 ligand and accordingly, is a co-stimulatory

30 agent within the context of the present invention. In a further aspect of the

invention, a force is applied to the mixture of T-cells and anti-CD3 and anti-

CD28-conjugated surfaces to concentrate the T-cells, thus maximizing T-cell

surface ligation. While in one particular embodiment the concentration force is

magnetic force applied where the anti-CD3 and anti-CD28 coated surfaces are

35 paramagnetic beads, other means to bring the cells and the ligands together in

a concentrated fashion are available in the art. Such methods of stimulating a
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CD28 are co-immobilized on a surface. A preferred surface for such
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25 that binds the TCR/ICD3 conplex and initiates a primary stimnulation
signal may be utilized as a primary activation agent imobilized on the
surface. Any ligand that binds CD28 and initiates the CD28 signal
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known a 'eﬁ i péaallmraqcmwghe@:y@m arcqmRination of at least two
different anti-CD2 antibodies. Stimulatory combinations of anti-CD2 antibodies

that have been described include the following: the T11.3 antibody in
combination with the T11.1 or T11.2 antibody (Meuer et al., Cell 36:897-906,
1984), and the 9.6 antibody (which recognizes the same epitope as T11.1) in
25 combination with the 9-1 antibody (Yang et al., J. Immunol. 137:1097-1100,
1986). Other antibodies that bind to the same epitopes as any of the above
described antibodies can also be used. Additional antibodies, or combinations

of antibodies, can be prepared and identified by standard techniques.
A primary activation signal can also be delivered to a T-cell
30 through other mechanisms. For example, a combination that may be used
includes a protein kinase C (PKC) activator, such as a phorbol ester (e.g.,
phorbol myristate acetate), and a calcium ionophore (e.g., ionomycin, which
raises cytoplasmic calcium concentrations), or the like. The use of such agents
bypasses the TCR/CD3 complex but delivers a stimulatory signal to T-cells.
35 Other agents acting as primary signals may include natural and synthetic
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20 CD2 antibodies is typically acconplished using a conbination of at |east
two different anti-CD2 antibodies. Stinmulatory conbinations of anti-CD2
ant i bodi e&0 oBlavshave been described include the foll ow n@CTtuse2/ué1 3
antibody in conbination with the T11.1 or T11.2 anti body (Meuer et al.,
Cell 36:897-906, 1984), and the 9.6 anti body (which recognizes the sane
epitope as T11l.1) in 25 conbination with the 9-1 antibody (Yang et al., J.

I . 137 :

bl topes as 1Gaos, AlfaRtura) AOHHA malitaliag MHE R o Wt pepiled frogoet®

Addi ti onal &}hepkgands may "'&H-r'ﬁﬂ Mﬁfﬁ@m lsniteghta, igoReRLigle, QQWPB@“%‘ aFawBy and

11 dfent i fi gdt lwctéiT | luﬁletacdtrmmn@ﬁ gly ﬁ]ﬁptmr )éoﬁ!bié Yédd lgm %Ité}am HoMmoRkesO be
ellrvere (0] -Ce u other nechan

conbi nat i on”ﬂﬁ’é&e NreSHE %6@42 | e a?”BPFﬁrE'Qﬁ”ﬁ’l %@d%ﬁgﬁcﬁé‘&mﬁ(ﬁa or,

such as & plialtinah, esalerS¢ienge.,1996h0Ccbe274(5284) .94 6. pant sbkjble MHC alimetsi um
' h h

concentr at | 88 >P°“8”%E‘é‘f' | Pros Nefl A SEPY BaOPeds TP 180T, o Withip ey o

conpl ex but caslexy of thexprasent investign sihgrizge obcqnqeatnaﬁon wd@th@mlata@@m&y

acting as pgé & I
03/ 024989 PCTgUEJlrSi(})ﬁzélﬂ%rl‘g? ré@é’ptbﬁﬁbl‘éﬁﬁaﬁtﬁi Wa%no%oﬁﬂﬁé}”@%%l 'ﬁi’g“‘y\M@é’ 53 th or

|_|g é‘lgh natural |igand

wi t hout a péUELB @@W C&YSner 1igands may i ncl ude but are not
limted1{0o, a pepti Fleln ptdley RerodiRent sighll trémsduetion @vents manthh@drm

other " super Of maaHted BErAkAg o, iRl e BTPAR: infhtidf” Hor r@%céj‘“’lg%
Cct 4 274(52}81193tr\9¢|GL31I9d arfdcembish| eayHCstimtated (abal Measorecet uaing Pthec Nat |
Acad Sci @cér?t%iwfl%eﬂ-l%dg%}the p?gsbﬁi iAveRgon.context of the present

|nvent|on use concentration and stinulation may result in such
hi gh receptor pol ari zation that no secondary signal is required to induce
proliferation of The®dondadlSigRapt her enbodi nents, signal transduction

Crventi 9. "For exanpt g AGIAIoRS Bt e cECRIGES: iablex, o8 e BllieG
nmeasur ed usiappeatseto b® nequitedator caielmmymmb.s pamarp activatiensignalviend iTecell, Bhe

Secondary Shgﬁ'@er 1&0%%&"&& I(SHJ i cﬁ%{ tolpel— Eg@ q%??m%ngl:gégsgh(ﬂ?zgﬁ

nol ecul e be~requi re I ver act
signal in aS tatory mOleﬂwﬂ%rh%‘B hﬁe@dmpb@tedn inHegy mgotbeouransnm o§ .a

ternmed acce‘r‘éé?rn%(; OF-céIp- toStblﬂéi' HePstormatisRY &Ry dlibseqheRn ;5rHﬁ’I’eIrai?tf%:tneO'arid1

regulat Bg ererﬁtlar%%nt | nus in addltlon to the primary activation signal, induction of T-

cell responses requires a second, co-stimulatory signal. One such co-

stimulatory or accessory molecule, CD28, is believed to initiate or regulate a

signal transduction pathway that is distinct from any stimulated by the TCR

complex.

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

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

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

35 agent, including an anti-CD28 antibody or fragment thereof capable of cross-
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resting T-cell to blast transformation, and subsequent proliferation and 20
differentiation. Thus, in addition to the primary activation signal,
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molecule that may act as a co-stimulator for T-cells is VCAM-1 (CD106) that
binds very-late-antigen-4 (VLA-4) on T-cells. Ligation of 4-1BB, a co-
stimulatory receptor expressed on activated T cells, may also be useful in the
25 context of the present invention to amplify T-cell mediated immunity.
One of skill in the art will appreciate that cells other than T-cells
may be stimulated by binding of an agent that ligates a cell surface moiety and
induces aggregation of the moiety, which in turn results in activation of a
signaling pathway. Other such cell surface moieties include, but are not limited
30 to, GPl-anchored folate receptor (CD59), human IgE receptor (FceRi receptor),
BCR, EGF receptor, insulin receptor, ephrin B1 receptor, neurotrophin, glial-cell
derived neutrophic factor (GNDF), hedgehog and other cholesterol-linked and
palmitoylated proteins, H-Ras, integrins, endothelial nitric oxide synthase
(eNOS), FAS, members of the TNF receptor family, GPl-anchored proteins,
35 doubly acylated proteins, such as the Src-family kinases, the alpha-subunit of
heterotrimeric G proteins, and cytoskeletal proteins.
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In a further enbodi nent of the invention, activation of a T-cell
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cells, bone marrow, lymph node tissue, spleen tissue, and tumors. In certain
embodiments of the present invention, any number of T cell lines available in
the art, may be used. In certain embodiments of the present invention, T cells
25 can be obtained from a unit of blood collected from a subject using any number
of techniques known to the skilled artisan, such as ficoll separation. In one
preferred embodiment, cells from the circulating blood of an individual are
obtained by apheresis or leukapheresis. The apheresis product typically
contains lymphocytes, including T-cells, monocytes, granulocytes, B cells, other
30 nucleated white blood cells, red blood cells, and platelets. In one embodiment,
the cells collected by apheresis may be washed to remove the plasma fraction
and to place the cells in an appropriate buffer or media for subsequent
processing steps. In one embodiment of the invention, the cells are washed
with phosphate buffered saline (PBS). In an alternative embodiment, the wash
35 solution lacks calcium and may lack magnesium or may lack many if not all

divalent cations. Again, surprisingly, initial activation steps in the absence of
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stimulatory nol ecul es may be used on the sane or differing surfaces. Prior
to expansion, a source of T-cells is obtained froma subject. The term
"subj ect "wp3jonvended to i nclude living organisns in whiclRCIruSOneaInE
response can be elicited (e.g., mammals). Exanples of subjects include 20
humans, dogs, cats, nmice, rats, and transgenic species thereof. T-cells can
be obtained froma nunber of sources, including peripheral bl ood
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embodiment, the incubation time period is 24 hours. For isolation of T cells
from patients with leukemia, use of longer incubation times, such as 24 hours,
can increase cell yield. Longer incubation times may be used to isolate T cells
25 in any situation where there are few T cells as compared to other cell types,
such in isolating tumor infiltrating lymphocytes (TIL) from tumor tissue or from
immunocompromised individuals. Further, use of longer incubation times can
increase the efficiency of capture of CD8+ T cells.
Enrichment of a T-cell population by negative selection can be
30 accomplished with a combination of antibodies directed to surface markers
unique to the negatively selected cells. A preferred method is cell sorting
and/or selection via negative magnetic immunoadherence or flow cytometry
that uses a cocktail of monoclonal antibodies directed to cell surface markers
present on the cells negatively selected. For example, to enrich for CD4" cells
35 by negative selection, a monoclonal antibody cocktail typically includes
antibodies to CD14, CD20, CD11b, CD16, HLA-DR, and CD8.
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techni ques. For exanple, in one preferred enbodinent, T-cells are isolated
by 15 incubation with anti-CD3/anti-CD28 (i.e., 3x28) -conjugated beads,
such as WSNABEARS(r) M 450 CD3/CD28 T, for a tinme periodprsufifSovesant for
positive selection of the desired T cells. In one enbodi ment, the tine
period is about 30 mnutes. In a further enbodi ment, the tine period
ranges from30 mnutes to 36 hours or |longer and all integer val ues there
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enbodi nent s,concentrations of cells. By significantly diluting the mixture of T cells and
surface (e.g. particles such as beads), interactions between the particles and
cells is minimized. This selects for cells that express high amounts of desired

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

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

35 to be engulfed by phagocytotic monocytes. In certain embodiments, the
paramagnetic particles are commercially available beads, for example, those
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concentrations of 125 or 150 mllion cells/m can be used. Using high
concentrations can result in increased cell yield, cell activation, and
cell expapogBomIsturther, use of high cell concentrati onsPariuses28mer e
efficient 15 capture of cells that may weakly express target antigens of
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many tunor cells present (i.e., |eukem c blood, tunor tissue, etc). Such
| ati ons S a t a moe eto
popul a BFod%éb bmyndi xs hhaéaﬁﬁe irédé’arl\é&ﬁ? Dg ?‘Qé%dl% Om@% éﬁ;s)fk,

obt ai n. For S | concentr at | on O

oP bl ent seDVeRBeRdss ndbihreBard At NE e, MaASth aneAl-BR0n 45 onadiseart, ot
expressi on. hmepeaﬁaltmlseaf@odeme?éd by o@&ﬁn?ethdeﬁa{aﬂﬁéwdt? pémcle@wml
concentrati (0]7] I N XL U

and-sur f ace lieByafit prdtein®leT it Bieits Br affib@fied) TgHSVBH| fisliing b3 °
particl esSandntubmiles include those zerdteirdhiasd saitibodiesf ar fraginests thereafxthaeds hi gh

amount s of dﬁét'é if%%llﬁ?ér’ﬁ e*ns tp%gg%aaqmgae maéér{eﬁﬁ% ba%%eﬁ@ﬁe' e,

CD4+ T cells ress
captured t hahﬁfe@@m beads I"§><3|l|'Ci|1e béﬁ@%tc@at,e@n‘ﬂéhtshéﬁpcﬁﬁ%l mDHS%ﬁ@méﬂPﬁiG%h Qﬁ;ait

the concent r giti-aiouek ambbmegsmb h&man %rdﬁ@(lmmﬂ n ot h)e(r 182}3%0“ ments, the

trat d f out 0 an
Fﬁ?gggrrsa: 32 :Jflebefagl rfﬁrfolmﬁagb FPB@'"BP ncgce@gﬁ‘l’ e%;‘ﬁ)c%@mﬂ?ﬁjﬁ gyl ons
(i.e., Cm4+p|(BHidu®}1tlngﬁBM6 isSelptezt frdnT wholebblood q:ranmresecbpenmrerar bIdeeXd

' : te

E'eéﬁseéf’aﬂil fltn St ot Vit BPERAARR o T oty B} barellirea,
cells to facpamlG@S@tmDUHWbabath\M@W removab ok manosytesel@ppraximatelwant i on
uses paramagpgh i KeRpEdli thra? f6f aBodt 36 rﬁ.\(jbfésf:toezthq%]ﬁsté? é?ftcﬁ@ﬁk&ég%@

phagocytotic r[Dngé ytes. certain | Nent's magneti—c part icles

are commer ci pyed\by; 'inasn%t'%&meva'fqrceélﬁﬁwa hqvg@tachgg tmrcmgslifag dbe
PCT/ usozﬂ881|ﬁérarrrzargwéucqshrwe§>y nshcbi\?sepaewrort bantw@%rf@mm% haledev

I dsT d M 280, M 450 ﬁ%
rapert - o neeieR” tiedle eSS o Ko CRAM otV mAtRC SPRvYARY | <
particles w mlethodoicrgyl aeyhie psed einckudirgg @ vasietyuof prloicki ae «mrmumﬁencl:&adnlgl1]I es).
| rrel evant ibleS f(%f@éﬁ)?‘ﬂmboféf gﬁeh@qbéﬁ?lle l@%%eﬂ{rﬁ{qﬁ' (b?ﬂg‘)gﬁl@ I es

or fragrrents t ere(’) pecifica
expanded. | nASBHARES EhbtarAUIRie sdemetion r ean e@&ntmg@lﬁh’@dl iy L@IeV@fé%IMs Qfoat ed

with shegg ambthdw@eesamdowltesmogeaéf o@@’hhry”r@kﬁlelriiﬁhébﬁﬂ' GScluding flewen
serum al bum c?ytometn% anaIyS|s oF EDq% osmve ce?ls befjare Xng Saftle?sé1 grdfep ertrlgﬂ by

T-cells for stimulation can also be frozen after the washing step,

which does not require the monocyte-removal step. Wishing not to be bound by

theory, the freeze and subsequent thaw step provides a more uniform product

25 by removing granulocytes and to some extent monocytes in the cell population.

After the washing step that removes plasma and platelets, the cells may be

suspended in a freezing solution. While many freezing solutions and

parameters are known in the art and will be useful in this context, one method

involves using PBS containing 20% DMSO and 8% human serum albumin, or

30 other suitable cell freezing media, the cells then are frozen to -80°C at a rate of

1° per minute and stored in the vapor phase of a liquid nitrogen storage tank.

Other methods of controlled freezing may be used as well as uncontrolled

freezing immediately at —20° C. or in liquid nitrogen.

The cell population may be stimulated as described herein, such

35 as by contact with an anti-CD3 antibody or an anti-CD2 antibody immobilized

on a surface, or by contact with a protein kinase C activator (e.g., bryostatin) in

24



10 preincubating PBMC isolated from whol e bl ood or apheresed peri pheral
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anti-CD28 aptib acl one Besancon, Ffance) can e used
as can ot heﬂnke(f t3/ a surFace such as a cell expressing Fc receptors or an antibody or

other binding agent which will bind to the agents. In a preferred embodiment,
the two agents are immobilized on beads, either on the same bead, i.e., “cis,” or
to separate beads, i.e., “trans.” By way of example, the agent providing the
25 primary activation signal is an anti-CD3 antibody and the agent providing the
co-stimulatory signal is an anti-CD28 antibody; and both agents are co-
immobilized to the same bead in equivalent molecular amounts. In one
embodiment, a 1:1 ratio of each antibody bound to the beads for CD4* T-cell
expansion and T-cell growth is used. In certain aspects of the present
30 invention, a ratio of anti CD3:CD28 antibodies bound to the beads is used such
that an increase in T cell expansion is observed as compared to the expansion
observed using a ratio of 1:1. In one particular embodiment an increase of from
about .5 to about 3 fold is observed as compared to the expansion observed
using a ratio of 1:1. In one embodiment, the ratio of CD3:CD28 antibody bound
35 to the beads ranges from 100:1 to 1:100 and all integer values there between.
In one aspect of the present invention, more anti-CD28 antibody is bound to the
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met hods commonly known in the art (Berg et al., Transplant Proc.
30(8):3975- 3977, 1998; Haanen et al., J. Exp. Med. 190(9):1319-1328, 1999;
Garl and ev0O 0302989, J. | munol Meth. 227(1-2):53-63, 1999pCTNse2/pibmary
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bound to begstefdried values include at least 1:5, 1:4, 1:3, 1:2, 1:1, 2:1, 3:1, 4:1 to 6:1, with
one preferred ratio being at least 1:1 particles per T-cell. In one embodiment, a
ratio of particles to cells of 1:1 or less is used. In further embodiments, the ratio
25 of particles to cells can be varied depending on the day of stimulation. For
example, in one embodiment, the ratio of particles to cells is from 1:1 to 10:1 on
the first day and additional particles are added to the cells every day or every
other day thereafter for up to 10 days, at final ratios of from 1:1 to 1:10 (based
on cell counts on the day of addition). In one particular embodiment, the ratio
30 of particles to cells is 1:1 on the first day of stimulation and adjusted to 1:5 on
the third and fifth days of stimulation. In another embodiment, particles are
added on a daily or every other day basis to a final ratio of 1:1 on the first day,
and 1:5 on the third and fifth days of stimulation. In another embodiment, the
ratio of particles to cells is 2:1 on the first day of stimulation and adjusted to
35 1:10 on the third and fifth days of stimulation. In another embodiment, particles
are added on a daily or every other day basis to a final ratio of 1:1 on the first
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used. In a further enbodinent, a 1:50 CD3:CD28 rati o of antibody bound to
beads is used. In another enbodinent, a 1:30 CD3:CD28 ratio of anti body
bound t o Wead®24989 used. I n one preferred enbodi nent, a 1: POTAS82/BIRB ratio
of anti body bound to beads is used. In another enbodinent, a 1:3 CD3: CD28
10 ratio of antibody bound to the beads is used. In yet another enbodi nent,
a 3:1 CD3:CD28 ratio of antibody bound to the beads is used. Ratios of

particles tgagehnd 11{0Bhthedhird ana%in' a2 P SimLIRIBAS OnY B YRR ih ThdBh'een
may be used t0 stinmulate T-cells or other target cells. 0ose 0
ordi nary skMill appregiatesthat & yarietyqpl pthespiadies anay densuitalile Jobfusgaintthel e to

15 cel | s mapretrpenlamtionn IAdricligr, ates Wil wdry\depehdington paaRle §Rkand™or
exanple, snal| IS|.zed (Eﬁi%ds could only bind a" few cell’s, while |arger beads
coul d bind © SIASAREMPE n enbodi ments the ratio of cells to particles

ranges fidom 1: 100 t oUsb@ dertaid nasihodalogipsrit wedylies aduatateeesitanthintain I
further enbggj : ' ] : s . L r..val ues
i bet weon. e Safand R4 4 BRI 6 roets ildifig MR sl ant’
anti - CD3- aftimylationcby sepaiatingdthgal-celis om the stimulussaftanaa persdiof abautr- cel |
stinmul ation e i ;
"ncl ude at ﬂgigtﬁ%,?ﬁ?&ﬁé‘@b% of Toew Brojifétgligh s, niurfRoRid Berddbas
preferred r&-fo d8vhby.der pxarople; exapining he.sizg & meamiring the velumne sbt@ ment |
anbr g_t i d0of Teewllsj suets aBQASIiﬂ\?]?| Gomferlcl.)dumeH mfl?iésregém a del’stiﬁglrﬁ—g@r ha%I a
enbodi nent s,_ the.rat i. C 0, C s.can be wvaried dependi ng on
the day of T oaftelst driaur B MicroRS, iR 8o ol effatoR 4Ef seipghe
particl es tm thel presence obthelstimuylatingliganh the Aecdli mean diigmeted wiltisicté aseal
articles a ; ; r y fter
Por up to 110 gRoicP2 niiftoatyGay 3 eCheqi ) dpbreBXenl g hdlay Y Wik R
counts on t Ateamal cell digraeter dagreaseas mappaximalely8 migionai thent-celsnmayde o 30

of gart gl eaeédﬁvﬁtﬁeldl %mh; re]j-st]i_lmgl&éédmtof inﬂ%b_edﬁlir‘th@f Srolifevatdin @E tﬁedﬁbf&é'gy.st ed
A BT WO A SSRGS
of 1:1 on tbe rhomitdreddy, assayihglfob tie préeericei afccelirslirfacktrholdayies oduch as,
on the 1 rsCOiRs CPRLICHIB RIS epISE. wiith BBl bFsfivaBarinie. Lo~ *
fifth days of stinul alrl ene embagimenterT-eetbslimuiation ippetfouned withranta@B8d on a
03103438 Y 570 BIARS Smbigaa R o ALl g 1O
stimul ati onOf ¢ife o?“%g‘Fé?q‘tl f(?fn¥'iené 1o fplurn dppReaHiDseeRt state (oW | @t Y0of
ot her rat i oproliaratien)s(zipbediiately Susedays dfiér inRiat SEmuIAtiBME NThe Btimulation
particular, sirgﬁtad %Sthvcg,nI lrerxg\;é/d ?r%ﬁme'ﬂ%je' Wi an atrhteI 83||E; gr'ez\?vagﬂgd and infused
back into the patient. The cells at the end of the stimulation phase are
25 rendered “super-inducible” by the methods of the present invention, as
demonstrated by their ability to respond to antigens and the ability of these cells
to demonstrate a memory-like phenotype, as is evidence by the examples.
Accordingly, upon re-stimulation either exogenously or by an antigen in vivo
after infusion, the activated T-cells demonstrate a robust response
30 characterized by unique phenotypic properties, such as sustained CD154
expression and increased cytokine production.
In further embodiments of the present invention, the cells, such as
T-cells, are combined with agent-coated beads, the beads and the cells are
subsequently separated, and then the cells are cultured. In an alternative
35 embodiment, prior to culture, the agent-coated beads and cells are not
separated but are cultured together. In a further embodiment, the beads and
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on cell size and type. 5 Using certain nethodol ogies it nmay be advant ageous
to maintain long-termstinulation of a population of T-cells follow ng the
initial awoisme49enh and stinulation, by separating the T-®erigsot/eaam t he
stinmulus after a period of about 12 to about 14 days. The rate of T-cel
proliferation is nonitored periodically (e.g., daily) by, for exanple,
exam ning the size or neasuring the volunme of the 10 T-cells, such as with

a Coul ter GRUStHE-firsD chbRtEntrREE ?aplrc%ﬁahrtﬁ JT&%S', rE@ iy imeansdhaeﬁgr of

about 6.8 mcrons, and upon jnitjal ‘activation and stinulfation, 1n
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e
T

mean T-cel |, di eases to I oxi ymat e 8 mcrons, the T-cells may
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T-cell re-gti MoYat e nj g3V g of
el | surf agt o EioPRifie imacedRtion bEimalk, 35" W AP TERIN FEREARF rLL o1
are i nduce*ammiet PYBINGHEADS® Ms45Q ﬁDéfQDaﬁﬂoaar@mﬁgnehc@eansgt arratiafon is
perforned wi:{haRédmbiRgd iR@ Wtfér Apveferabl P BS((IWRRGIESH SBni EaIAL!dueR BN
beads (3x28 beads for a eno%g of tine f)UfcI'ICIerl% fo th& cells to
return to FAFHBsPUhMagnesium). (98N, A0S, PhPrgiRay: $4ihin E%B senngedily s- 14
days aft@r dppréciate any cell aionoentratidre mayi bellusedonFos egaraple, $hé ianget esibved
fromthe c cel r e | b [ tient.
The cells 2{:5}? qu%rﬁ%p%lg 'ﬁ ﬁbgs%%%po%%éegéyzfgg%r@ﬁﬁgr%h%lé g‘? the
"super - i nd&itiee sampie iiee 108%)dTay somprige the sayget cell ehintesast. aAccasdinglyst r at ed
by their abjyi by trﬂm'ilfé_?p%”Withﬁu ¥ | @Rt otdtHe rédint | ihVerftiont hs Ecdiflihs O
denonstrate XQFE@':{‘N -1 ke %g?n%i?/age, as |_§ ev| dence §$/ t he exanpl es.
Accor di ngl M ents. & May 08§ & iocsigRilicanilyodrgreass the velHme{hivjHeh i n
\?/)iovoh afg erpa:rlﬁtfl? and ,ce_llflfar@ﬁﬂi(ydit(ﬁjbtﬁ'erc(@b!,Sn@l_@ﬁ@@ﬂﬁé @bRcantratiby of céﬁ@@gﬁ 2
characteriz y_uni gqu not yRi C properties, such as_sustai.ne
expr essi on%nﬁ%%@r@%@@y?gﬁﬁaﬁé dgr%%lgc?ﬁanpa’%ﬁreisur f‘%ﬁr e’é‘HBB'Sr 18?2 of the
present i nwesntbodiment,ha comicestratiore lof about2c billlos, celisimt asrhisedd Ini ahother
agent - coat @&ﬁ% t . I u ﬂt@% ed,
and then t‘r:egnce lsngrdgéacl%ftﬁ% eg_ﬁb’@h@&gﬁ@; %';L?Slevog %géae otcri!e%eb%t% Hﬁ%ﬂ or to
cul ture, tRecensentration obgelioalito st 20eRhs30r 35,1 455 opaP anibign iwei!s/arlds
cul tur ezh t @elnan yet AndtHed lehBIdiRBRO @ Etitlentralien RP2els AbM 7%, 808509024989
PCT/ US02/ 28161 %%I I sl.are II r?t conger]t r.at ed b% aBPI i cation o{ {31 f'or?e,
resul ting i » O% 1005 myltiop. gells/ml is used.  In further embodiments, concentrations o
125 or 150 million cells/ml can be used. Using high concentrations can result in
increased cell yield, cell activation, and cell expansion. Further, use of high cell
concentrations allows more efficient capture of cells that may weakly express
25 target antigens of interest, such as CD28-negative T cells. Such populations of
cells may have therapeutic value and would be desirable to obtain. For
example, using high concentration of cells allows more efficient selection of
CD8+ T cells that normally have weaker CD28 expression.
In a related embodiment, it may be desirable to use lower
30 concentrations of cells. By significantly diluting the mixture of T cells and
particles, interactions between particles and cells is minimized. This selects for
cells that express high amounts of desired antigens to be bound to the
particles. For example, CD4+ T cells express higher levels of CD28 and are
more efficiently captured and stimulated than CD8+ T cells in dilute

35 concentrations. In one embodiment, the concentration of cells used is about 5
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noi ety ligation, thereby inducing cell stinulation. By way of exanple, when
T-cells are the target cell population, the cell surface noieties may be

| i gat ed bwoaBlossng par anagneti c beads to 5 which anti - CP8Tarsd2/28161 - CD28
are attached (3x28 beads) to contact the T-cells. In one enbodinent the
cells (for exanple, 104 to 109 T-cells) and beads (for exanple,
DYNABEADS(r) M 450 CD3/CD28 T paramagnetic beads at a ratio of 1:1) are
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5 28 WO 03/ MiaaPESSartidPNEdEBAORPMI Media 1640 or, X-vivo 15, (BioWhittaker)) that
may contain factors necessary for proliferation and viability, including serum
(e.g., fetal bovine or human serum), interleukin-2 (IL-2), insulin, IFN-y, IL-4, GM-

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

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

35 cells are maintained under conditions necessary to support growth, for
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X 106/m . In other enbodi nents, the concentration used can be from about 1
X 105/m to about 1 X 106/ m, and any integer value in between. The buffer
t hat the welB®2#8® suspended in nay be any that is appropciratse2/sst t he
particular cell type. Wien utilizing certain cell types the 5 buffer may
contain other conponents, e.g. 1-5%serum necessary to maintain cell
integrity during the process. In another enbodi nent, the cell s and beads
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measured, allowing the magnetic force applied to be calculated.

Cells stimulated by the methods of the present invention are

activated as shown by the induction of signal transduction, expression of cell

25 surface markers and/or proliferation. One such marker appropriate for T-cells is

CD154 which is an important immunomodulating molecule. The expression of

CD154 is extremely beneficial in amplifying the immune response. CD154

interacts with the CD40 molecule expressed on many B cells, dendritic cells,

monocytes, and some endothelial cells. Accordingly, this unexpected and

30 surprising increase in CD154 expression is likely to lead to more efficacious T-

cell compositions. Stimulation of CD3* cells as described herein provides T-

cells that express a 1.1 to 20-fold increases in the levels of certain cell surface

markers such as CD154 expression on days 1, 2, 3, or 4 following stimulation.

(See Example V, Table 2 and Figure 4.) Expression of another cell surface

35 marker, CD25, also was greater on T-cells after concentration and stimulation
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WO 03/ 024989 PCT/ US02/ 28161 exanple, an appropriate tenperature (e.g., 370
C) and atnosphere (e.g., air plus 5% C02). Wen using a magnetic field as
t he concewoOroain249go force the magnetic field strength appl iPped/soz/ediel cel | s
prior to cell culture nmay be between 5 the range of 200 gauss to 12,000
gauss on the magnetic surface. The shape and size of the nmagnet may be
adapted to the size and shape of the mxing or cell culture vessels or to
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mar kers and/ or proliferation Ones mar ker proprjate for T-cells is
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Expr essi on of anot her cel | e 3 rker, er on
T- Eel |'s after concent rotcftq ghs '3 ﬁ”ﬁ ﬁalvﬂ iredily appreblaﬁe that Contatt between

the agent-coated beads and the cells to be stimulated can be increased by
concentration using other forces. Accordingly, any means for concentrating
cells with cell surface moiety binding ligands will be sufficient as long as the

25 concentration brings together cells and agents in a manner that exceeds gravity
or diffusion.

It should be understood that in various embodiments the agent-
coated surface may be a particle, such as a bead which is mixed with the cells
and concentrated in a small volume in a magnetic field, thus drawing all the

30 particles and particle bound cells into a defined and concentrated area. In
certain embodiments, the agent-coated surface may be drawn together by force
within thirty seconds to four hours of being exposed to the target cells. In other
embodiments the time may be from 1 minute to 2 hours, or all integer ranges in
between. Application of a force to a cell population with receptor bearing cells

35 that is mixed with a surface to which at least one cell surface ligand is attached
may induce cell receptor polarization, aggregating cell surface molecules. This
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30 WD 03/024989 PCT/ US02/ 28161 than on cells prior to culture or cells
stinul ated by other nethods. (See Table 2.) One of skill in the art wll
appr eci atwotohae49smy target cell that can be stinul ated byceaish2/saisf ace
noi ety |ligation may be conbined with the agent- 5 coated surface, such as
beads. Further, the agent-coated surfaces, such as, beads may be separated
fromthe cells prior to culture, at any point during culture, or at the
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population of T-cells can be selected using any number of selection techniques,
prior to stimulation. One may desire a greater population of helper T-cells (Ty),
typically CD4" as opposed to CD8" cytotoxic or regulatory T-cells, because an
expansion of Ty cells could improve or restore overall immune responsiveness.

25 While many specific immune responses are mediated by CD8* antigen-specific
T-cells, which can directly lyse or kill target cells, most immune responses
require the help of CD4* T-cells, which express important immune-regulatory
molecules, such as GM-CSF, CD40L, and IL-2, for example. Where CD4-
mediated help if preferred, a method, such as that described herein, which

30 preserves or enhances the CD4:CD8 ratio could be of significant benefit.
Increased numbers of CD4"* T-cells can increase the amount of cell-expressed
CD40L introduced into patients, potentially improving target cell visibility
(improved APC function). Similar effects can be seen by increasing the number
of infused cells expressing GM-CSF, or IL-2, all of which are expressed

35 predominantly by CD4" T-cells. Alternatively, in situations where CD4-help is
needed less and increased numbers of CD8* T-cells are desirous, the
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aggregation can induce a signal pathway, which may | ead to down-regul ation
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stimulated, the stimulation and/or expansion time may be 10 weeks or less, 8
weeks or less, four weeks or less, 2 weeks or less, 10 days or less, or 8 days or
less (four weeks or less includes all time ranges from 4 weeks down to 1 day
25 (24 hours) or any value between these numbers). In some embodiments in
may be desirable to clone T cells using, for example, limiting dilution or cell
sorting, wherein longer stimulation time may be necessary. In some
embodiments, stimulation and expansion may be carried out for 6 days or less,
4 days or less, 2 days or less, and in other embodiments for as little as 24 or
30 less hours, and preferably 4-6 hours or less (these ranges include any integer
values in between). When stimulation of T-cells is carried out for shorter
periods of time, the population of T-cells may not increase in number as
dramatically, but the population will provide more robust and healthy activated
T-cells that can continue to proliferate in vivo and more closely resemble the
35 natural effector T-cell pool. As the availability of T-cell help is often the limiting
factor in antibody responses to protein antigens, the ability to selectively
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In one such example, among the important phenotypic markers
that reproducibly vary with time are the high affinity IL-2 receptor (CD25), CD40
ligand (CD154), and CD45RO (a molecule that by preferential association with
25 the TCR may increase the sensitivity of the TCR to antigen binding). As one of
ordinary skill in the art readily appreciates, such molecules are important for a
variety of reasons. For example, CD25 constitutes an important part of the
autocrine loop that allows rapid T-cell division. CD154 has been shown to play
a key role in stimulating maturation of the antigen-presenting dendritic cells;
30 activating B-cells for antibody production; regulating Ty cell proliferation;
enhancing T¢ cell differentiation; regulating cytokine secretion of both Ty cells
and antigen-presenting cells; and stimulating expression of co-stimulatory
ligands, including CD80, CD86, and CD154.
Cytokine production peaks in the first few days of the ex vivo
35 expansion process. Accordingly, because cytokines are known to be important
for mediating T-cell activation and function as well as immune response
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shown to pl akle CD49d ligand to CD49d also allows the T-cell to receive co-stimulatory
signals for activation and proliferation through binding by VCAM-1 or fibronectin
' ligands. The expression of the adhesion molecule CD54, involved in T-cell-
25 APC and T-cell-T-cell interactions as well as homing to sites of inflammation,
also changes over the course of expansion. Accordingly, T-cells could be
stimulated for selected periods of time that coincide with the marker profile of
interest and subsequently collected and infused. Thus, T-cell populations could
be tailored to express the markers believed to provide the most therapeutic
30 benefit for the indication to be treated.

In the various embodiments, one of ordinary skill in the art
understands removal of the stimulation signal from the cells is dependent upon
the type of surface used. For example, if paramagnetic beads are used, then
magnetic separation is the feasible option. Separation techniques are

35 described in detail by paramagnetic bead manufacturers’ instructions (for
example, DYNAL Inc., Oslo, Norway). Furthermore, filtration may be used if the
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a key role in stinmulating maturation of the antigen-presenting dendritic
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prol i feravpDean2498nhanci ng Tc cell differentiation; regul afcagiSoytsiki ne
secretion of both TH cells and antigen-presenting cells; and stinulating
expression of co-stimulatory |igands, including CD30, CD86, and CD154.
Cyt oki ne production peaks in the first few days of the ex vivo 35

eXpansi on PIgERS is A664H! b bnchB A5 SUBALIIP RO fekBOID FCaBfubmer tant

for rredlatln nere
WO 03/ 024989/a|n@w/MSmMMflltwazqwner%w\@labl@ ﬂwc&rﬂ@mm@rqn andt | caI

ncer o e TRTITN S M i okt o AR Dbt s,
N Y R A I I
| h 4% _ TNFS? ,re et Ieﬁﬁ{qulmﬁhusmebbeadis an?ly m@ass opugtattheritter obufl cetd |rﬁa¢UFi ng
t he | rst S e 0 usi u a
t her apeuti cqé/m%ﬂ’? tﬁ%yé@%ﬁé %ﬁﬁv\ﬂa tfgﬁ addﬁ? |°t61%alsﬁq@‘$‘}é %l@thﬁbenﬁ gﬂb nsi on
of T-cells ibioadmpativie sudace wseddiegrages: ¢ et b@degraﬁabh@)smamtlurmdum ithe s

di scussed prpbgel periogxpPr essi on of adhesion nol ecul es known to be
important for mediation of T-cell 10 activation and immune response

modul ati on al so changéd Ngeafherdinamskilin the arbwiicesdily BQWﬁCﬁﬁ%trlﬁiﬁfﬁ%éeU)f t he

ex Vvivo ﬂxp@nmmmr Pegssioldyiés eaome he@iﬁ?ﬁay dei gapaed dt irf arvah@w g of
T-cells to md%&sues nd traffickin
e

i nf | anmat i o W@F“ Falqp APEs ol cee '%PE@%@B"@HEFSH’F\%% cyltiee
presence of ftasks vatlitede Bags) bs aay contairerscapsblemy hoiding cals,apreteyablysin 4.5

Because do""%l’t%ﬂg *éh@ﬁérﬂﬂaﬁ‘lf Iﬁ[&'?eLﬁl‘?lr San?erﬁEHf LlP(ge bP&#éeﬂY"hﬂ@nE@ﬁ 'a\‘b%r‘e%@tortl@e

T-cells ter I'onge
peri ods of asgusefdl. cEpr @xamndﬁnw@éaieman@faﬁture@ecmrr%mﬂ@kecqewqetShthﬁtgher

l evel s of5 Clg@Albe aset idyfowr cBllPBRE bebiddd i ddinbiRbHEA mnthethé%emaag%f Tn@el I's

to these sites under ot ﬁﬁ) é) erre on ons Anot her exa

| ypept i vep % Ao OGP OIS LR S
ﬁgl ggﬁﬁa ? ﬁ%logmltﬁgmpﬁmmf afﬁﬁiggth%bewiphmt ¢oubtamn MO oRAdsrot ssues
P ove the  Eiagiftces” N ATRL A M7 WAV Sbrech'th GBSt Ryl driiiert = °°
proliferati @aterns ocoNeringndiuch hjoreactiors. includiebrdSecPatent| Ngands,0961582;
expr essigy of oddlesnU1808.807/19196/78, (iR o arbnﬁe&mspaté@ 3 hérdiffbl réferdiice. and

T-cel |l -T-cel I it eract I ons
al so changes over thelteg® §€‘Qﬂd"@ﬁﬂfaﬂ3¢ magnﬁ&ew@rcnga"yultan%ﬂ fé'”@dﬁl“@ﬂ be

and concentration of the cells of the present invention may be incorporated into
the base rocker platform of a bioreactor device, such as “The Wave” (Wave
Biotech LLC, Bedminster, NJ). The magnet, or a magnetizable element, may
25 also be enclosed into a standard bioreactor vessel such as a cylindrical
application unit. This built-in magnetic element may be capable of being
switched on and off as desired at various points in the cell culture procedure.
The integrated magnet, or magnetizable element, is positioned so as to aliow a
magnetic field emanating therefrom to pass through the culture vessel. In
30 certain embodiments, the magnet, or magnetizable element, is incorporated
within a wall, or alternatively, within the body of the culture vessel. In a further
embodiment, the cells can be magnetically concentrated and/or activated,
magnetically separated or isolated at a desired point during culture without the
need to transfer cells to a different culture or magnetic separation unit. Use of
35 such a built-in magnetic element can facilitate culture, stimulation and
concentration, and separation processes to enable expansion and tailoring of
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stinmulated for selected periods of tine that coincide with the marker
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As mentioned previously, one aspect of the present invention is
directed to the surprising finding that the combination of a force which induces
25 the concentration of cells, ligation of cell surface moieties, and culturing cells in
a rocking, closed system, results in a profound enhancement in activation and
expansion of these cells. Accordingly, in one embodiment, a bioreactor with a
base rocker platform is used, for example such as “The Wave” (Wave Biotech
LLC, Bedminster, NJ), that allows for varying rates of rocking and at a variety of
30 different rocking angles. The skilled artisan will recognize that any platform that
allows for the appropriate motion for optimal expansion of the cells is within the
context of the present invention. In certain embodiments, the methods of
stimulation and expansion of the present invention provide for rocking the
culture container during the process of culturing at 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
35 11,12,13, 14, 15, 16, 17, 18, 19, or 20 rocks per minute.
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25 al so be enclosed into a standard bioreactor vessel such as a cylindrical
application unit. This built-in nmagnetic el enent nmay be capabl e of being
swi tched wo oatehoed f as desired at various points in the ceCl/usat/2aise
procedure. The integrated nmagnet, or nmagnetizable elenent, is positioned
so as to allow a magnetic field emanating therefromto pass through the
culture vessel. In 30 certain enbodi nents, the magnet, or nagnetizable
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Integrated mag netic or evi ce- cu ure system a
vol umes need@?ﬂ i Gontrek fouﬁterdeetrﬁr\gt%s@ @G dafiem dhﬂuclgse@nsystem Further

embodiments provide for a mechanism, such as a load cell, for controlling
media in-put and out-put by continuous monitoring of the weight of the
bioreactor container. In one embodiment the system comprises a gas manifold.

25 In another embodiment, the bioreactor of the present invention comprises a
CO, gas mix rack that supplies a mixture of ambient air and CO, to the
bioreactor container and maintains the container at positive pressure. In
another embodiment, the bioreactor of the present invention comprises a
variable heating element.

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

35 certain embodiments, perfusion of media through the system is initiated on
about day 2, 3, 4, 5, 6, 7, 8,9, 10, 11, or 12 of culture. In one embodiment,
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As nentioned previously, one aspect of the present invention is directed
to the surprising finding that the conbination of a force which induces 25
t he concewoOroan24so of cells, ligation of cell surface noi ePCcedSoaesi6l
culturing cells in a rocking, closed system results in a profound
enhancenment in activation and expansion of these cells. Accordingly, in
one enbodi nent, a bioreactor with a base rocker platformis used, for
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Furt her embodiments, the cells expand from a starting number of about 100 — 500 X
10° to a total of about 200, 300, or 400 X 10° cells in less than about two
weeks.
25 In further embodiments of the present invention, the cell activation

and expansion methods described herein and the conditioned medium

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

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

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

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

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

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

Although the antibodies used in the methods described herein can

35 be readily obtained from public sources, such as the ATCC, antibodies to T-cell

accessory molecules and the CD3 complex can be produced by standard
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enbodi nents provide for a nmechanism such as a load cell, for controlling
medi a i n-put and out-put by continuous nonitoring of the weight of the

bi or eact owomane@Bner. I n one enbodi ment the system conpri PEI/BOY2H61

mani fold. 25 I n anot her enbodi nent, the bioreactor of the present invention
conprises a CO2 gas m x rack that supplies a m xture of anbient air and
CO2 to the bioreactor container and naintains the container at positive
pressure. | i r i , | Ok A ' i on
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0.5 to 5.0 Indrelrs per day until the desired final volunme is achieved. In
one preferred enbodi ment, nmedia enters the container at 2 liters per day
starting at day 4, until the volume reaches 10 liters. Once desired volune
i s achi eved, Ligand iminobilizgationedn @ Sufadee i nitiated. In 35 certain

mbodi mengs. per f usi onof;-Aediay t h bs.initiated.on .about
Gy 2 1505, BErEUS O inBRGIdH [ABRRIMENTnEIHE Tl Sthl b Sirf L iRennBite
38 WO 03/ 024ueterably) ugspligansisshounshiq asswifades Thetsusfase mayrbe: ary sorfase i s
abodi nent | SRR SONGURY, o BUAd bBliRd OtherelBrlof, iniehrffed b afd! May is
oo o orbistempatile, hah B SysaRiall SihscioricIaths fargRkoR:oha STTYlid on
the cells, sThenbidzormpafibleeblrtaceamaychs bivdegradable or trortbidasgradable. cTs ed,
t at t { t

ocki g 17 rilieE shay Be, fedaP bEbirfflet chdCe Siet Shiteks, B ST S °
speeds. | n cHe suifageperay, conmeriseetdodagemgipesified proteines entrifiedv peplides,
ot 10 b SERERandeS IR aspRnGyy GHED o eBliyar nidif HRPESRbS. AT, O

o

71

about 10 between 6 X 1 _ l'ess 't hat
about two weR¥saccharide may inghidefer axarmBiee celiiiese reaspse pexiade Chitesame
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of cul ture. MaY dedaskidacidasa copelgmes| Ascopalyorr maycaapiise lastipacitl andm a
starting nurgigdoliefack®(PIGA]. RBAWiodéftadadiBGuracas md&) Rtiutle foARHErs>QlcK¢ 109
cells ' Moo ©%8s tp%?yr}d%)gtﬂgllshc\)/\)%ne egr?d p&y[e%&lgﬁer-vinyl acetate). Biocompatible
surfaces include for example, glass (e.g., bioglass), collagen, metal,
hydroxyapatite, aluminate, bioceramic materials, hyaluronic acid polymers,
alginate, acrylic ester polymers, lactic acid polymer, glycolic acid polymer, lactic
acid/glycolic acid polymer, purified proteins, purified peptides, or extracellular

25 matrix compositions. Other polymers comprising a surface may include glass,
silica, silicon, hydroxyapatite, hydrogels, collagen, acrolein, polyacrylamide,
polypropylene, polystyrene, nylon, or any number of plastics or synthetic
organic polymers, or the like. The surface may comprise a biological structure,
such as a liposome or a cell. The surface may be in the form of a lipid, a plate,

30 bag, pellet, fiber, mesh, or particle. A particle may include, a colloidal particle, a
microsphere, nanoparticle, a bead, or the like. In the various embodiments,
commercially available surfaces, such as beads or other particles, are useful
(e.g., Miltenyi Particles, Miltenyi Biotec, Germany; Sepharose beads,
Pharmacia Fine Chemicals, Sweden; DYNABEADS™, Dynal Inc., New York;

35 PURABEADS™, Prometic Biosciences).
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20 enbodi nents, the T-cells expand froma starting nunber of cells of about
500 X 106 to a total of about 500 X 109 cells in |less than about two
weeks. | rwoaeBar89 enbodi nents, the cells expand from a stamttisez281anber of
about 100 - 500 X 106 to a total of about 200, 300, or 400 X 109 cells in
| ess than about two weeks. 25 In further enbodi nents of the present

I nvention, the cell activation and expansion nethods described herein and
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non- bi odegr adabl e. The surface mag nat ur al etic, and a
synthetic surface mayﬂﬂaa@eﬁ Y@ De W%Pf aﬁ?é'p t oPpintegrates infged,
purifi edipr cuetace, bypalwhf&tvd)fmhbdeknowﬁcdrwlsamhblﬁi urallege agja ym;sc Jﬁtgﬁfb%?an&
xaml o celté. R gelreLidr il ARTalel) P StRA R, AT ¥radpeignay
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20 ligand is capable of stimulating the cells. For example, the antibody to a ligand
first may be attached to a surface, or avidin or streptavidin may be attached to
the surface for binding to a biotinylated ligand. The antibody to the ligand may
be attached to the surface via an anti-idiotype antibody. Another example
includes using protein A or protein G, or other non-specific antibody binding
25 molecules, attached to surfaces to bind an antibody. Alternatively, the ligand
may be attached to the surface by chemical means, such as cross-linking to the
surface, using commercially available cross-linking reagents (Pierce, Rockford,
IL) or other means. In certain embodiments, the ligands are covalently bound
to the surface. Further, in one embodiment, commercially available tosyl-
30 activated DYNABEADS™ or DYNABEADS™ with epoxy-surface reactive
groups are incubated with the polypeptide ligand of interest according to the
manufacturer’s instructions. Briefly, such conditions typically involve incubation
in a phosphate buffer from pH 4 to pH 9.5 at temperatures ranging from 4 to 37
degrees C.
35 In one aspect, the agent, such as certain ligands may be of
singular origin or multiple origins and may be antibodies or fragments thereof
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may be lactic acid or a copolyner. A copolynmer may conprise lactic acid and
glycolic acid (PLGA). Non-bi odegradabl e surfaces may include polyners, such
20 as polwOdBwoeoBYy| sil oxane) and pol y(et hyl ene-vi nyl acet C&)uso2/28161

Bi oconpati ble surfaces include for exanple, glass (e.g., bioglass),

col l agen, netal, hydroxyapatite, alum nate, bioceramc materials,

hyal uroni ¢ acid polyners, alginate, acrylic ester polyners, lactic acid
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Accordingly, as is reddia padisplar embodiment, the stimutateryi form afavB7 moleculel | y
any part pgl € b earffBg D28 éﬁtiddd?GGr frégnfeeﬁrthe@av i?%ﬂﬁ%ﬁé&'iﬁ(?ih@rsé?ﬁé'@oﬁe to,
or integrat e%l nt o 15 surface by a vari et{ of et hods known and
avai | abl e i nPR3Re Sirtacergthgagent that stipulatesthe ACR/GPar@mRlen rBiah; @8 ANgand,
or a synt hetanti-CD3aadtibotlye It haciuuitiinam@ynbodiment, the stimulatory form of a 4-
1BB molecule or an anti-4-1BB antibody or fragment thereof is attached to the
same solid phase surface as the agent that stimulates the TCR/CD3 complex,

25 such as an anti-CD3 antibody. In addition to anti-CD3 antibodies, other
antibodies that bind to receptors that mimic antigen signals may be used. For
example, the beads or other surfaces may be coated with combinations of anti-

CD2 antibodies and a B7 molecule and in particular anti-CD3 antibodies and
anti-CD28 antibodies. In further embodiments, the surfaces may be coated

30 with three or more agents, such as combinations of any of the agents described
herein, for example, anti-CD3 antibodies, anti-CD28 antibodies, and anti-4-1BB
antibodies.

When coupled to a surface, the agents may be coupled to the
same surface (i.e., in “cis” formation) or to separate surfaces (i.e., in “trans”

35 formation). Alternatively, one agent may be coupled to a surface and the other

agent in solution. In one embodiment, the agent providing the co-stimulatory
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be coval ent or noncoval ent, electrostatic, or hydrophobic and nmay be
acconplished by a variety of attachnent neans, including for exanple,

chem cal ,wowslhatmBcal , enzymatic, electrostatic, or other meansomsaseby a 20
ligand is capable of stinulating the cells. For exanple, the antibody to a
ligand first may be attached to a surface, or avidin or streptavidin my
be attached to the surface for binding to a biotinylated Iigand. The

anti body to l 0. [ ot ype
ant i bod§ Astlgg}ﬁaér'é g%nﬁd A qeﬁc u es%t}gqjtnﬁge aéé?ﬁéﬁ it ethé ﬁl’lrﬁéfxa%twa’u&ﬁ th

non- speci f i Sign#! ISO'BCEID'LHIQE'OFP’@UP?W %éHI’f@,@e HI@QEQI@HG‘E’ @W’HG@% the, WP nd an
anti body. Aletg%htsabre/ﬁhmobiliz@dl oy deeds MBithéreoRtthe Gaete theahé es Utisacer iy

h I | i nki to t |
e T bardhalh. Soe s, bR, by el o 50 BRI B8,
certain emnbquimeptactivatien signah is anrantcCDal amtidodybandhthe agenhprosmm@d:lme

Further, 1n &”&B@ﬂa@@@%ﬁl fstorHﬁera%'tuaébﬁs aé{ﬁt'ldd?gaec}r{oo%th 3Q%é%' 4 &g

DYNABEADSTM or oxXy-surface
i ncubat ed wlmmqu@egotq/ﬁb@tsmm bg%dnoequwlenbgnola@tdar cﬁfﬁ@Ufﬂté tH@ one

manuf act ur ererﬁbddi'r%bhﬁcé IIOI”?atld36f éééh’ anﬁH@tﬂ‘y Baﬂﬁd tt(') Qﬁ'é bewBs 8t Ch4*nrekly e

i ncubation in a ﬁ E rom at tl%?p%r at ures

ranging f rorﬁxﬂaf‘% ‘Eiatjtc@ Sgr@wtlg5|s| Hs p“é%a'n t3RPE the,, preseat

cert gl 3_ 10 gaménf tlmaya batiobf asti mfnm ?Dzerargubodws tmujngl tplthe @eagsmwewsuﬂy be

anti bodi es . [ WD.

anot her as pgié?t, g’aﬁ‘gﬁé%% 'I’?‘?Fﬁge’fﬁ’%’iﬁ'wﬁ %%@ré%é;?? ic%fp§$g$§gl | g%ﬁ%gﬁgé&i

mol ecul e ( e.apsened-usingaratio ofrmésdnlor@epajﬁcdaeemboﬂithtam inbreasearof from by

any of the fi{f & ?J”ab?&f QGIBIEBI%t ISE%?I?@ d%BOcIIE exﬂéﬁs%?m m&&ﬁéﬂ eto
| sol ate t

be coupled to t he surface rom a greSSI ng

co-sti mul at W%a Fioeeful -4, |6|°"§tﬂ’ﬁ‘i"?ﬁ!ﬂ‘eﬂ§|th§ raligptald: Q@g @ptiagy bexnd
technol oy agdhe Bé§d§$§ng§s fomt FO0G1 toat 169 hﬁWdIIQﬁte@éﬁdumbSQﬁe@ﬂetM%@hat ion

f th I
of vari ant o 1bone 3sBett onthe prese idveRlioh more antiias afisedie Bethgae B 2" >
co- sti nul at qgaytickegythan ani-THO8eadrtibodyves the vaticedf CBStG‘DZSw leas ¢haf oae cil can

al so be use%e{tg EPI%BHW%HS Od}eth?f invént ﬁfrfj tﬂ?rrgtu? I lr#ntl %ﬁ{ tiody' oanti

recogni ze tha e’ac
proliferati &D%farﬁlb%bsmuﬂﬂ tq- tlil@I b@aqimys agfgatﬂﬁethﬁﬁ’nﬂﬂl I ||ﬂeln©rpalbéldéé or

g :JLZI:JLG 2(%35 mboﬂﬁhgﬁg%ﬁ QUO%MS%E)i@‘FﬁIo bf‘aﬁﬁi‘jbec% e?c?hnd"’fﬁ béad%}éghé?éﬁ
adsor p? i on &noﬂ}%?ﬁmp%élmpn& @eﬁ%&oéﬁ? Méﬁg‘?} 'Spggﬁif’q?g Bé%d%és used.
The anmount afsed. In a further embodiment, a 1:50 CD3:CD28 ratio of antibody bound to
beads is used. In another embodiment, a 1:30 CD3:CD28 ratio of antibody
bound to beads is used. In one preferred embodiment, a 1:10 CD3:CD28 ratio
25 of antibody bound to beads is used. In another embodiment, a 1:3 CD3:CD28
ratio of antibody bound to the beads is used. In yet another embodiment, a 3:1
CD3:CD28 ratio of antibody bound to the beads is used.
In certain aspects of the present invention, three or more agents
are coupled to a surface. In certain embodiments, the agents may be coupled
30 to the same surface (i.e., in “cis” formation) or to separate surfaces (i.e., in
“trans” formation). Alternatively, one or more agents may be coupled to a
surface and the other agent or agents may be in solution.

Agents
Agents contemplated by the present invention include protein

35 ligands, natural ligands, and synthetic ligands. Agents that can bind to cell
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15 a particular ligand attached to a surface may be readily determ ned by
flow cytonetric analysis if the surface is that of beads or determ ned by
enzyme- |woload2498amunosor bent assay (ELISA) if the surfacePC3/usor2HsuUe
culture dish, nesh, fibers, bags, for exanple. In a particular enbodinent,
the stinmulatory formof a B7 nolecule 20 or an anti-CD28 anti body or
fragnment thereof is attached to the sane solid phase surface as the agent
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the primary a is in solution or coupled to a surface. In a
preferred enbgliddsxréea‘&lllttﬁgk'hm ?‘réaértagents are inmmobilized on beads, either on

the same bead, i.e., "clsoneoaspest fefher presebtdientione whent ﬂalﬁsdeﬂl&usv\hy of
exanpl e, tge éﬂl‘i\maté"'loc\,’élﬂ' Ugeﬂﬁl“égén&r inBRIY IR@hHY AatCareStdpdie b bﬁ‘ﬂlﬁ'fHe
ant i body and wggb‘&‘ﬁrgwg an&%éﬁ strm atI Q{r si.gna 2 I S anlferatlloﬁCD28
anti body; and Blexy D@@ 28.and {nitiating acdivation g4 profi
equi val ent nokespectivelamAoTosdingly, theeter idBludes thode p%t%{hsqhaﬁaﬁdlmeh o
o ool e b ek i, SRR 2, el B i
CD3: CD28 anti wﬁ|mamolauhganctshmdireaslantubodlesdmeatdd totlhnetceilrsurf&ueep:mmn T
cel | expaggy) OButh é?%%&n\é%darﬂf HEGIRANE Shérof fifay BEHIBHA AP BEESRENLS \ith 2
conventlonal techniques, such as hybridoma methods and recombinant DNA
and protein expression techniques. Useful antibodies and fragments may be
derived from any species, including humans, or may be formed as chimeric
proteins, which employ sequences from more than one species.
25 Methods well known in the art may be used to generate
antibodies, polyclonal antisera, or monoclonal antibodies that are specific for a
ligand.  Antibodies also may be produced as genetically engineered
immunoglobulins (Ig) or Ig fragments designed to have desirable properties.
For example, by way of illustration and not limitation, antibodies may include a
30 recombinant IgG that is a chimeric fusion protein having at least one variable
(V) region domain from a first mammalian species and at least one constant
region domain from a second distinct mammalian species. Most commonly, a
chimeric antibody has murine variable region sequences and human constant
region sequences. Such a murine/human chimeric immunoglobulin may be
35 ‘“humanized” by grafting the complementarity determining regions (CDRs),
which confer binding specificity for an antigen, derived from a murine antibody
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about .5 to about 3 fold is observed as conpared to the expansi on observed
using a ratio of 1:1. In one enbodinent, the ratio of CD3: CD28 anti body
bound 15 wo oBha9keads ranges from 100:1 to 1:100 and al |l iparaper/281al ues
there between. 1In one aspect of the present invention, nore anti-CD28
antibody is bound to the particles than anti-CD3 antibody, i.e. the ratio
of CD3:CD28 is less than one. In certain enbodinents of the invention, the
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An immunogen may be comprised of cells expressing the ligand,
purified or partially purified ligand polypeptides or variants or fragments thereof,
or ligand peptides. Ligand peptides may be generated by proteolytic cleavage
25 or may be chemically synthesized. Peptides for immunization may be selected
by analyzing the primary, secondary, or tertiary structure of the ligand according
to methods know to those skilled in the art in order to determine amino acid
sequences more likely to generate an antigenic response in a host animal (See,
e.g., Novotny, Mol. Immunol. 28:201-207, 1991; Berzoksky, Science 229:932-
30 40, 1985).
Preparation of the immunogen may include covalent coupling of
the ligand polypeptide or variant or fragment thereof, or peptide to another
immunogenic protein, such as, keyhole limpet hemocyanin or bovine serum
albumin. In addition, the peptide, polypeptide, or cells may be emulsified in an
35 adjuvant (See Harlow et al., Antibodies: A Laboratory Manual, 1988 Cold
Spring Harbor Laboratory). In general, after the first injection, animals receive
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propagated in vitro, or prepared reconbinantly, or by other nethods known
to those with skill in the art. In one aspect of the present invention,
when it iwodase498us to 15 stinulate T-cells, useful agent€Tiusot/eslel | i gands
that are capable of binding the CD3/TCR conplex, CD2, and/or CD28 and
Initiating activation or proliferation, respectively. Accordingly, t he
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equal t@(ﬁbg#éfei&ﬂy g, thaprseswgehercahltrx th@ imBiLAHeRr anifiRl  Thetspldtn aisbout
106 M1, an %t Imlylelonrr?ar T ger];'lg{lab | >c’:o(r)nbu'?ede €?or a few minutes with a membrane
fusion-promoting agent, such as polyethylene glycol or a nonionic detergent,
and then plated at low density on a selective medium that supports the growth
of hybridoma cells, but not myeloma cells. A preferred selection media is HAT
25 (hypoxanthine, aminopterin, thymidine). After a sufficient time, usually about 1
to 2 weeks, colonies of celis are observed. Single colonies are isolated, and
antibodies produced by the cells may be tested for binding activity to the ligand
polypeptide or variant or fragment thereof. Hybridomas producing antibody with
high affinity and specificity for the ligand antigen are preferred. Hybridomas
30 that produce monoclonal antibodies that specifically bind to a ligand polypeptide
or variant or fragment thereof are contemplated by the present invention.
Monoclonal antibodies may be isolated from the supernatants of
hybridoma cultures. An alternative method for production of a murine
monoclonal antibody is to inject the hybridoma cells into the peritoneal cavity of
35 a syngeneic mouse. The mouse produces ascites fluid containing the
monoclonal antibody. Contaminants may be removed from the antibody by
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10 than or equal to about 107 M1. Affinities of binding partners or

anti bodies can be readily determ ned using conventional techniques, for
exanpl e, wbaes®2498®scri bed by Scatchard et al. (Ann. N. Y. parawmo2/&ist USA
51: 660, 1949) or by surface plasnon resonance (Bl Acore, Biosensor,

Pi scataway, NJ) See, e.g., WIff et al., Cancer Res., 53:2560-2565, 1993).
15 Anti bodies may generally be prepared by any of a variety of techni ques
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such derived from a non-human monoclonal antibody, such as the variable region

derived from a murine, rat, or hamster monoclonal antibody, into a vector

containing sequences that encode at least one human constant region. (See,

e.g., Shin et al., Methods Enzymol. 178:459-76, 1989; Walls et al., Nucleic

25 Acids Res. 21:2921-29, 1993). The human constant region chosen may

depend upon the effector functions desired for the particular antibody. Another

method known in the art for generating chimeric antibodies is homologous

recombination (U.S. Patent No. 5,482,856). Preferably, the vectors will be
transfected into eukaryotic cells for stable expression of the chimeric antibody.

30 A non-human/human chimeric antibody may be further genetically

engineered to create a “humanized” antibody. Such an antibody has a plurality

of CDRs derived from an immunoglobulin of a non-human mammalian species,

at least one human variable framework region, and at least one human

immunoglobulin constant region. Humanization may yield an antibody that has

35 decreased binding affinity when compared with the non-human monoclonal
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antisera, for exanple, by affinity chromatography using protein A or using
the |igand pol ypeptide or peptide coupled to a suitable solid support. 10
Monocl onavoann249edi es t hat specifically bind |igand pol ypepriutes28n1
fragnents or variants thereof nay be prepared, for exanple, using the
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An additional method for selecting antibodies that specifically bind

to a ligand polypeptide or variant or fragment thereof is by phage display (See,
e.g., Winter et al., Annul. Rev. Immunol. 12:433-55, 1994; Burton et al., Adv.

25 Immunol. 57:191-280, 1994). Human or murine immunoglobulin variable region
gene combinatorial libraries may be created in phage vectors that can be
screened to select Ig fragments (Fab, Fv, sFv, or multimers thereof) that bind
specifically to a ligand polypeptide or variant or fragment thereof (See, e.g.,
U.S. Patent No. 5,223,409; Huse et al., Science 246:1275-81, 1989; Kang et

30 al, Proc. Natl. Acad. Sci. USA 88:4363-66, 1991; Hoogenboom et al., J. Molec.
Biol. 227:381-388, 1992; Schlebusch et al., Hybridoma 16:47-52, 1997 and
references cited therein).

Cell Populations
As discussed above, the present invention has broad applicability
35 to any cell type having a cell surface moiety that one is desirous of ligating. In

48



4,464,456), in vitro immunization of human B cells (see, e.g., Boerner et
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t ransgeniwo ogioz®sTar ryi ng human i mrunogl obul i n genes and fPagiusn2/ef16spl een
cells from imunized transgenic mce carrying i munogl obulin genes

i nserted by yeast 10 artificial chronmosone (YAC) (see, e.g., U S. Patent
No. 5,877,397, Bruggemann et al., Cuff. Opin. Biotechnol. 8:455-58, 1997,
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activation (XCELLERATE) process could help promote the generation of TH1-
type immune responses, important for anti-tumor and anti-viral responses. Like
CD154, increased expression of GM-CSF can serve to enhance APC function,
particularly through its effect on promoting the maturation of APC progenitors

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

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

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

to enriching for CD4" cells, one aspect of the present invention is focused on
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Methods of Use
In addition to the methods described above, cells stimulated
and/or activated by the methods herein described may be utilized in a variety of
contexts. With respect to the prototypic example of T-cells, the methodologies
25 described herein can be used to selectively expand a population of CD28*,
CD4*, CD8*, CD45RA*, or CD45RO* T-cells for use in the treatment of
infectious diseases, cancer, and immunotherapy. As a result, a phenotypically
unique population of T-cells, which is polyclonal with respect to antigen
reactivity, but essentially homogeneous with respect to either CD4* or CD8"
30 can be produced. In addition, the method allows for the expansion of a
population of T-cells in numbers sufficient to reconstitute an individual’s total
CD4" or CD8" T-cell population (the population of lymphocytes in an individual
is approximately 3-5 X 10'"). The resulting T-cell population can also be
genetically transduced and used for immunotherapy or can be used in methods
35 of in vitro analyses of infectious agents. For example, a population of tumor-
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used in vivo, to induce cell signaling events on a target cell popul ation.
5 However, as al so noted above, the prototypic exanple provided herein is
directed woo3oezmBds, but is in no way limted thereto. W PhTrSSpesisito
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profile uporproducing virus prlor to restoring the T-cells to the infected individual. For

example, one or more anti-retroviral agents can be cultured with CD4* T-cells
prior to expansion to inhibit HIV replication or viral production (e.g., drugs that

25 target reverse transcriptase and/or other components of the viral machinery,
see e.g., Chow et al. Nature 361:650-653, 1993).

Several methods can be used to genetically transduce T-cells to
produce molecules which inhibit HIV infection or replication. For example, in
various embodiments, T-cells can be genetically transduced to produce

30 transdominant inhibitors, “molecular decoys”, antisense molecules, intrakines,
or toxins. Such methodologies are described in further detail in U.S. Patent
Application Nos. 08/253,751, 08/253,964, and PCT Publication No. WO
95/33823, which are incorporated herein by reference in their entirety.

The methods for stimulating and expanding a population of

35 antigen specific T-cells are useful in therapeutic situations where it is desirable
to up-regulate an immune response (e.g., induce a response or enhance an
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stinmulation of T-cell popul ations wherein Tc (CD8+) cells have been
depleted. As indicated above, CD154 is an inportant i mmunonodul ating
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transplantation therapy. Accordingly, increasing T-cell function and anti-CLL T-

cell activity with anti-CD3 x anti-CD28 co-immobilized beads would be

beneficial.

For example, given that deficient expression of CD154, the ligand

25 for CDA40, on T-cells of B-CLL patients has been cited as a major immunological
defect of the disease, the T-cell populations of the present invention, which may
provide sustained high levels of CD154 expression upon re-infusion, could aid
in its treatment. Investigators report that in CLL the capability of a patient’s T-
cells’ to express CD154 is defective as well as the capability of the leukemic B-

30 cells to express CD80 and CD86. The failure of leukemic B-cells in CLL to
adequately express the ligands for CD28, could result in failure to fully activate
tumor-responsive T-cells and, therefore, may represent the mechanism
underlying the T-cells’ apparent state of tolerance. Studies in which CD40 is
engaged on CLL B cells, either via soluble anti-CD40 antibodies or via CD154-

35 transduced leukemic B-cells, appears to correct the defect in CD80 and CD86
expression and up-regulates MHC surface expression. Kato et al., J. Clin.
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infiltrating | ynphocytes can be obtained froman individual afflicted with
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enhance an Another embodiment of the invention, provides a method for
selectively expanding a population of Ty cells from a population of CD4* T-

25 cells. In this method, CD4* T-cells are co-stimulated with an anti-CD28
antibody, such as the monoclonal antibody 9.3, inducing secretion of Tys-
specific cytokines, including IFN-y, resulting in enrichment of Ty, cells over Tyo
cells.

The observation herein that phenotypic traits of activated T-cells

30 vary over time during the expansion process, combined with the fact that T-cells
have been demonstrated to be activated within a few hours (lezzi et al.,
Immunity 8:89-95, 1998). Accordingly, in combination with the methodologies
herein described, this provides the ability to expand a tailor made subset of a T-
cell population in a short period of time. In one embodiment, this technique can

35 be utilized at the bedside of a subject, in an outpatient modality, or at a
subject’s home, similar to the use of kidney dialysis. For example, a method or
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is engaged B cells, either via or via
CD154 Jad p?atform may be a part of a remova? msert whlc?w is mserte into one of the

device chambers or physically present within one of the disposable

components. In another embodiment of the continuous flow aspect discussed

above, the system may comprise contacting the cells with the activating

25 components at room temperature or at physiologic temperature using a

chamber within a blood collection device or an incubation chamber set up in
series with the flow path to the patient.

In another example, blood is drawn into a stand-alone disposable

device directly from the patient that contains two or more immobilized

30 antibodies (e.g., anti-CD3 and anti-CD28) or other components to stimulate

receptors required for T-cell activation prior to the cells being administered to

the subject (e.g., immobilized on plastic surfaces or upon separable

microparticles). In one embodiment, the disposable device may comprise a

container (e.g., a plastic bag, or flask) with appropriate tubing connections

35 suitable for combining/docking with syringes and sterile docking devices. This

device will contain a solid surface for immobilization of T-cell activation
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35 transduced | eukem c B-cells, appears to correct the defect in CD80 and
CD86 expression and up-regul ates WVHC surface expression. Kato et al., J.
Cin. 52w00303/9824989 PCT/ US02/ 28161 Invest. 101:1133- 1P¢T/USt9SM8p1 Ranhei m
and Kipps, J. Exp. Med. 177:925-935, 1993. Cells treated in this way were
able to stinulate specific T-cell anti-tunor responses. Wth the enhanced
expression of CD154 on the surface of the T- 5 cell population of the
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conbi nat i onreadily apgpeeciatehadalietyiaf blood products can be utilized in conjunction with
20 the devices and methods described herein. For example the methods and
devices could be used to provide rapid activation of T-cells from cryopreserved
whole blood, peripheral blood mononuclear cells, other cyropreserved blood-
derived cells, or cryopreserved T-cell lines upon thaw and prior to subject
administration. In another example, the methods and devices can be used to
25 boost the activity of a previously ex vivo expanded T-cell product or T cell line
prior to administration to the subject, thus providing a highly activated T-cell
product. Lastly, as will be readily appreciated the methods and devices above
may be utilized for autologous or allogeneic cell therapy simultaneously with the
subject and donor.
30 The methods of the present invention may also be utilized with
vaccines to enhance reactivity of the antigen and enhance in vivo effect.
Further, given that T-cells expanded by the present invention have a relatively
long half-life in the body, these cells could act as perfect vehicles for gene
therapy, by carrying a desired nucleic acid sequence of interest and potentially
35 homing to sites of cancer, disease, or infection. Accordingly, the cells
expanded by the present invention may be delivered to a patient in combination
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herein described, this provides the ability to expand a tail or nmade subset
of a T- cell population in a short period of tine. In one enbodinent, this
t echni quewoan/0388be utilized at the bedsi de of a subject, PCa/tsn2/zgitpat i ent
nodality, or at a subject's home, simlar to the use of kidney dialysis.
For exanple, a nethod or 53 WD 03/024989 PCT/ US02/28161 device wherein
T-cells are incubated in contact with activation signals (e.g. anti - CD3
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such factors as the condition of the patient, and the type and severity of the
patient’s disease, although appropriate dosages may be determined by clinical
trials.
. All references referred to within the text are hereby incorporated
25 by reference in their entirety. Moreover, all numerical ranges utilized herein
explicitly include all integer values within the range and selection of specific
numerical values within the range is contemplated depending on the particular
use. Further, the following examples are offered by way of illustration, and not
by way of limitation.
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receptors required for T-cell activation prior to the cells being

adm nistered to the subject (e.g., imvobilized on plastic surfaces or upon
separ abl eworBoeopgarti cl es). In one enbodi ment, the di spos&blrasdewice nay
conprise a container (e.g., a plastic bag, or flask) with appropriate

t ubi ng connections 35 suitable for conbining/docking with syringes and
sterile docking devices. This device will contain a solid surface for

i obi I'i zation of T-cell activation @5@M@p9§§024989 PCT/ US02/ 28161
conponents (e.g., anti-CD3 and anti - odi es); these nmay be the
surfaces of the container itself or an insert and will typically be a flat
surface, an etched flat surface, an iBEXAgRLErl surface, a porous pad,
fiber, clinically acceptablel/safe d, beads, etc.). Additionally
when using the stand 5 al one devicéf%kheS@MH}%EQ can remain connected to
the device, or the device can be separable fromthe patient. Further, the
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cryopr eserved M nicSE ragt on.
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si mul taneously, M ddiaining a total of 5 x 10° CD3* T-cells is taken and set-up with 1.5

x 10° DYNABEADS® M-450 CD3/CD28 T to initiate the XCELLERATE Process

for a second infusion. During the incubation period of <8 days at 37°C, 5%

25 CO,, the CD3"* T-cells activate and expand. The anti-CD3 mAb used is BC3

(XR-CD3; Fred Hutchinson Cancer Research Center, Seattle, WA), and the

anti-CD28 mAb (B-T3, XR-CD28) is obtained from Diaclone, Besangon, France

With a modified process referred to as XCELLERATE ™ the

30 process described above was utilized with some modifications in which no
separate monocyte depletion step was utilized and in certain processes the
cells were frozen prior to initial contact with beads and further concentration

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

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

35 patient by apheresis. Components of an apheresis product typically include
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subj ect and donor. 30 The nethods of the present invention may al so be
utilized with vaccines to enhance reactivity of the antigen and enhance in
vivo ef f ewD.03/084984 her, given that T-cells expanded by thePpmasentsibnventi on
have a relatively long half-life in the body, these cells could act as
perfect vehicles for gene therapy, by carrying a desired nucleic acid
sequence of interest and potentially 35 homng to sites of cancer, disease,
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their entire ranges erein explicitly

i ncl ude al | a%ﬂélganceatrab@n of 5ﬂxw tqeeﬂs/ndnJ@eéﬁwogﬁeélag mﬁy@ﬁn@ﬁbwmms
20 in the range of 30 — 70 mi, and the cell concentration can range from 10 to

200x10° cells/ml. Once the Cryocyte bag is filled with cells and freezing solution,
the bag is placed in a controlled rate freezer and the cells are frozen at
1°C/minute down to -80°C. The frozen cells are then placed in a liquid nitrogen
storage system until needed.

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

The thawed cells, approximately 0.5x10° CD3"* cells, are placed in

30 a plastic 1L Lifecell bag that contains 100 mi of calcium-free, magnesium-free
PBS. The PBS contains 1% - 5% human serum. 1.5x10° 3x28 beads
(DYNABEADS® M-450 CD3/CD28 T) are also placed in the bag with the cells
(3:1 DYNABEADS M-450 CD3/CD28 T:CD3* T-cells). The beads and cells are
mixed at room temperature at ~ 1 RPM (end-over-end rotation) for about 30

35 minutes. The bag containing the beads and cells is placed on the MaxSep
Magnetic Separator (Nexell Therapeutics, Irvine, CAb. Between the bag and
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nunerical values within the range is contenpl ated dependi ng on the
particular wuse. Further, the follow ng exanples are offered by way of

i1l ustratwor3/oz989 not by way of limtation. 56 WO 03/ 024983/USC¥291802/ 28161
EXAMPLES EXAMPLE | T-CELL STIMJULATION 5 In certain experinments descri bed
herein, the process referred to as XCELLERATE | TMwas utilized. In brief,
in this process, the XCELLERATEDTM T-cells are manufactured froma

peri pher al o] onu ( : InSmP Cia. r
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Buring this ddligtatiabred ey beads atd fetained bnthe AR Wtilei thg RBS hhe upeadad
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Magnet i c Sep&t a5 PUMPSAAN @Yo renpve the beads and any
nonocyt i cd phagocyti c Cid 8x2& deads earak carudeattaten célts beants to thelbeads reaget hi s

nonocyt e- de i ATl g | 4 cOT: : . +
Toells s MpedWEbaPeulind Metl® (PR SoBilod Bl B BiyvhitERertRly ¢
to initiate MhbexdractRiEEPOOiRdReman (sgipnoR0 Bt 1Mobaaes.t 10 mi 200 MY L-The
5 5, O QU ORI S5 oL NG
: 0 ] . -
first infusi/drt f?ré'ﬁﬂithﬁré‘za)%%‘% @DQI%BFEWEIM sﬁe&%&,@e ?é"ter%}' gllved
:Jnti | )a @ C dray, eultiig mbedia is @ldded umtitithie mgoeamtaing 100apnt. oﬁherlbaglcymfélnid_gyjs
ater) at ] are . ni ng
2"t o bl of 4§ ol ReplaleY i bORMSE: (AT BB COT Ang el eHRGRRN
DYNABEADS( r )eXplang0 CD3/CD28 T to initiate the XCELLERATE Process for a
second infusion. Duri | t {PR | n aty_ tR4tidn C2,
the CD3+ T-cells acti \%'Ehgﬁ'?]géggnﬁ’? 'Pﬁgé%dr???ﬁ)é&yfsn%ﬁieg ﬁ%&élg
(XR-CD3; Fr @%&o@fﬁramweae]masn&%aymww rC,e_"iSS@ng Bedayggnd 8 ciaysria
\6/1\;1: Ih - CDZfsd U}‘&hlt&JE’e.Tﬁcﬁmf -cegs ?la‘saags%dséLd D&n%@e{dlrif_?_u EtiellE’ﬁﬁ@;gﬁQﬂevé‘_rroince
a nodifi ocess referred. to as. . r
descr i bed atiS eS8 TRAHES EaPlEReiene pRRICHIE e Sxpsian Ol es 308 COIBE, ot o
nonocyt e depredayB oftoafiureasOntddy & edliameré allowed o flowrwwes geavityn@ppomd. | s
were frozen Qe to Lol tial ] : raLi on
and st ot at S oRrehEMERYATofbl 8 BARER (A8 inagtididEarhBs BRUIRE 0,
cells are washed and concentrated using the COBE device noted above and
20 resuspended in a balanced electrolyte solution suitable for intravenous
administration, such as Plasma-Lyte A® (Baxter-Healthcare).
As described within the specification XCELLERATE I™ refers to
conditions similar to that above, except that stimulation and concentration were
not performed and monocyte depletion was performed prior to stimulation.
25 Both XCELLERATE I™ and II™ processes were performed and
T-cell proliferation was measured after 8 days in culture. The yield of expanded
T-cells was greater when CD3" cells were concentrated prior to cell culture.

(See Table 1). In addition, the cell population had greater than 90% CD3* cells.

Table 1. T-Cell Yield Expansion at Day 8

Experiment No CD3"* Concentration | CD3" Concentration
(XCELLERATE I™) (XCELLERATE II™)

NDa079 33 x10° 36 x10°
NDa081 38 x 10° 42 x 10°
NDa082 28 x 10° 38 x 10°
Average 33+5x10° 39+3x10°
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this process T-cells were obtained fromthe circulating blood of a donor or
35 patient by apheresis. Conponents of an apheresis product typically

i ncl ude 80 0RO8Y 024989 PCT/ US02/ 28161 | ynphocytes, nmon@CYIESS2/28161

granul ocytes, B cells, other nucleated cells (white blood cells), red

bl ood cells, and platelets. A typical apheresis product contains 1 - 2
x1010 nucl eated cells. The cells are washed with calciumfree, nagnesium
free phosphate buffered saline to renove plasnma proteins and platelets. The
5 washing step was perforned by centrifuging the cells and renoving the
supernatant fluid, whi dﬁuﬂmrtmrm@ntamebpemmdrm thisotegsasd vard depict
acconpl i shed g mnﬂ;e?%%xaéwaa&a% ad We a%'lh@‘félpos gn&.bhf&%é bifhes 071

System Baxte he cells are :IEI nt al ne In a C system as

processed. d’ezﬂﬁ Stipuiated yithoys tgeeceptratiasard fivg béB-‘;hetSthrﬁ@”? gimulated

non- bi ndi ngy i€ CSDS“chﬂbetﬁratﬂ)nnq%@ﬁlgﬁres(ﬁéﬁd2 ned for actl vat ed cells) and
then continuing wth t ed cell §?can

t
be frozen, stored, and %P%Eﬁgﬁéw tﬁp&ells&ﬁ%@ﬁfc{a& M?g'&? |§ Offi& R
i ncrease r obustitoes sffedtivelyr micrédasesat the rpuity wéIthe BD3fepdlbst amgvejlrwurhmeastmg In
| e, 3 d
one exarm e- $0154 i [l 2 okbirest 23304 WPRTELIRovEE okl e
sol uti on. Théztggieﬁmowwm%ﬁ@w? Errpedlﬂspufatatlyn where anonylagoas( 9t>§ qedis BEDR 109

gglr:;n ;Pbﬁsneﬁﬁgsgﬂg@lm éddﬂ%r% : @ﬁﬁérfngeﬁré?@t@hh'éww thétfﬁgl conc%%?srtatlgoﬁngP
50x1 06 cel | JPAgNE '@)} %ewﬁﬁrfﬁﬁé%n‘ie@ﬂ?n%Blﬁ%s 20 in the range of

30 - 70 M, and the cell concentration can range from 10 to 200x106
cells/m. Once the Cryocyte bag is filled with cells and freezing sol ution,

the b i | troll ed dt f t
LG bt e town d8oRAC %%Oksf’ﬁféﬁa{?ﬁﬂ PesifégtioRaga el Sarace Blafkesi . -
nitrogen storage syst ahteuroncenisalippdUsing Weak aed SirongdMagn@ised from t he

ol ora +heored 37 € Fe
||C]U|d nltrogm St-ot age ayctclll ana—are—thayea—at C—T1ro—+ehpve D'\VL_O

t he t hawed cel Exparimeent henl Magheid| Dayt |hCPabec uSlzéreeCDBﬁgﬂ@)mmfr@@s#DES on
the COBE 2991|System Thg washed cel|ls areft pa [ h gh| an
m cron nesh fHter—Fhethanwed—cetts; appro'idg@cl ,aﬁ;ﬁguo@%\, - \,;Je&?", are

placed in 30/ HDab8&tic 1 L Lifecell |bag that confains 100 m of

. 04 - 0,
cal o ur {1 cc. | TBANGsLy T eo PR oTTe FBS tomal I B | S furen g

IV =fJU \\W. V.. ATV ] (J.I V AT OO 'JI \VaA w3 | T
bag with t he cePbs- Weak 0 56% 0.37
Selection
Post- Strong 0 61% 0.35
Selection
No Selection | None 3 533 758 19
Post- Weak 3 90% 570 846 41
Selection
Post- Strong 3 92% 558 1006 45
Selection

Post-Culture | None

Post-Culture | Weak 8 92% 412 110 9 17.7
Strong 8 93% 413 89 7 37.8
NDa089
Pre-Selection 0 44% 312 6 4 0.5
Post- Weak 0 46% 0.39
Selection
Post- Strong 0 55% 0.3
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(3:1 DYNABEADS M 450 CD3/CD28 T:CD3+ T-cells). The beads and cells are

m xed at roomtenperature at - 1 RPM (end-over-end rotation) for about 30
35 m nut &0 03loz198Bg cont ai ni ng the beads and cells is pl aced/usn2/2d161 MaxSep
Magneti c Separator (Nexell Therapeutics, Irvine, CAb. Between the bag and
58 WD 03/024989 PCT/ US02/ 28161 the MaxSep, a plastic spacer (approximately
6 mmthick) is placed. (To increase the magnetic strength the spacer is
renoved. ) The beads a cells at C bga re I he | he
magnet V\}ti l e "%e Tuﬂam‘ iz uﬁ'tniDS\,e bi)%'(e E",':"S %o %i)m (‘58@6 38'2%#% ads
and concentrated cells bpund to|the peads ar@scyi ns(mal)vthMggl gaubtufe
media (1 |iteSeketdai ni ng X-Vivo 15, | Bl oWi[ttaker|; wth|[50 nl|heat
i nactivated po Ied hunman rum | 2Q m M Hepes, [10 - gl utam ne
with or witho%g out 100 \i/%ab 1] U2 1 L- Hté%é 3L @égecel PgM ture bag.
After transf [8HOY he 3x28 bealls—and positively tsel ected cells into | he

Li fecell 10 bagostcul t ur e| Seshga | s 3adfdeggwnt]i lsobhg bzep conteisns| 1000 nl . The
bag cont ai ni n@electien cel I s i s placed | n an incubatjor (37C and 5% C02) @and

cells are alllo ex d Cells vefe split 1(to om each of s| 3 and
5. T-cell acti et fur pﬁ%ﬁ'&!% efat éS 4 by hdPvest ?g%yc Il's
after 3 days|and 8 days | Strongb ,ulsture87eétct|\3at1i n @ T{ceh§s wag2assessed

by neasuring cell size, the Tevel of cell surface marker expression,
particularly the expression of CD25 and CD154 on day 3 of culture. On day
8 cells were allowed to flow under ravit (tapgrox 150 m/m n) over the
MaxSep magnet to renove the magnet |ep%r@/Qﬂ 8y g)nd the ceI | s are washed

and concentra COBETdey ot-etabove-anar20—-te stspepded in a
bal anced el echgg:fe?i'[ iisE ol utl%erqﬁsu%égv W g tg)c?r?lim S ‘P[’? | on,
such as Pl asnp- Lyte A(r) {(Baxter ye% re'%aly |§§ r qf%P ifth he
specification| XCELLERATE|I TM reflers to |conditi on zﬁm ki #mo t g? above,
except that spHruation—and—eong e'“NF‘j‘),“ O (" I)c Flde 0 i ﬁncryg'?"tocyte
depl eti on was ﬁﬁ 6§;n~edfpr;e1; tc;ds P 3tiu..|2: utH XCEEEERATE .'.DLan
[1TM pr s—wereperfored—and—FcetH—prolH-eragttopwas—reasured r
8 dayg ?ﬁeiﬁf JyeSelg fon; Noge o expande4 8o 15 das bre e:m:h A3 )g+te
celI's were copcifiediad ;;Weﬁk td cebl clut B8 (Sée TabIE 1)1 H addition,
the cell popu 00be 896 col1 4 e 1 38all Yiel d
Expansi on at Concentration 3+ Conclentration

No Selection | None 6 309 4 12 26

Selection Weak 6 685 4 67 25

Selection Strong 6 720 4 115 42

Five additional experiments were performed comparing the
5 process of XCELLERATE I™ to that of XCELLERATE II™. For the cells
activated and culture-expanded according to the two processes, cell activation
markers (cell size, CD25 expression, and CD154 expression) on days 3 and 8

of culture are shown below in Table 3 and in Figures 6-7.

Table 3: Cell Activation Markers on Day 3

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

Number Process (FSC)

(Donor) Day | Day | Day | Day | Day | Day
0 3 0 3 0 3

NDa104 | XCELLERATEl | 282 | 526 7 625 5 50

(PCO71) XCELL"ERATE 315 | 531 7 750 5 162
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(XCELLERATE 1'n) (XCELLERATE II'TM NDa079 33 x 109 36 x 109 NDa081 38 x
109 42 x 109 NDa082 28 x 109 38 x 109 Average 33 5 x 109 39 3 x 109 59
WO 03/ 02490893PeIPRaJS02/ 28161 Furt her experinents were per fPernesd2/2816t hi s
regard and depict total number of expanded cells as well as the fold
expansi on of nine batches of cells stinulated w thout CD3+ concentration
and five batches of cells stinulated 5 with CD3+ concentration. (See
Figures 1 and 2)Expgepingemnt rati on of| tOel SigdT'$ Tp23qpiFi)cdt ComsofMA) fragneti ¢
force prior to | cMuimbee ef peédaselly i@scpases the puritly of the CD3+ cells
as well as incrpagbopr) CD154 | evel [spay amdye | Day[gWw=gs [3Day @age[)l ct CD154
| evel s graphically). Funthernore, a@nparg son of |T gcel|l @rol | f;erdt I on

wher e popul ati opsgiids CelkbEmge K et—to 1w t§O 4211 ng
strengt hs showed F h%%xr%?“s mﬂr % Mreat er

yield of CD3+ cplls  (Tabl’& 2y) Tabfe 2.58(?0rrrpa§| Jor1df |T-Telll 13Polﬁi feration
and Cell Surfacge Markers| after Cdncenfrati ¢on Usijng Wedk and Stromng Magnets

Experi ment Magngt ‘x&;ﬁtmml- DLoA—ED3¢#—(FSE—NFH M09 NDa087
Pre-Sel ection O 4%,5@%%? Q TT I:n2§ Mk 0 §60n§y27 S prtign Post -
Strong 0 61% 0.3 i FB’*%el%% dHONoné 3 |5%80758 39 | P8%t| weak 3

90% 570 846 41 | Selectiom Post- Stjfrong|3 92% 5581006 45 Selrecti on
- — \Abdl, Q D204 4192 114 O 17 17 Ctly A~ (0)
Post-Cul ture NOW%EH@AYE A P2 S5t Stfong8 93% 413

89 7 37.8 NDa0g9

(PC060) XCELLIIIERATE 291 | 660 6 741 5 177

NDat15 | XCELLERATEI | 253 | 560 6 202 6 25

(PCO73) XCELLIIIERATE 252 | 582 6 448 6 83

Average | XCELLERATE! | 262 | 583 6 467 5 42
+ Std Dev + +50 | =1 + 221 + 1 =17
15
XCEL'-IFRATE 283 | 595 6 566 5 148
23| +47 + 1 + 189 +1 +17

All cultures in Table 3 were initiated with cells that were frozen/thawed.

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

II™ process generated cells whose cell size and CD25 expression activation
5 markers on day 3 were on average similar, but typically higher and continued to
be higher following stimulation. However, the CD154 activation marker on day
3 for T-cells from the XCELLERATE II™ process was much greater than for
those of T-cells from the XCELLERATE I™ process. Further, as demonstrated
above, the XCELLERATE II™ process generated CD25 and CD154 levels that

10 were consistently higher per donor than other methods.

The expression of CD154 on Day 3 of the XCELLERATE II™
process is actually much higher than for XCELLERATE I™. This observation
suggests that the T-cells are in a higher state of activation during the
XCELLERATE II™ process than in the XCELLERATE I™ process. It is

15 predicted that this may translate into a more effective product when
administered in vivo.

CD3* Cell Purity, CD4 Cell/CD8 cell ratio, and cell viability on Day
3 of culture were also determined for five patient samples. The phenotype and
viability of cells used subjected to the XCELLERATE I™ process and the
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Pre-Selection 0 44% 312 6 4 0.5 Post- Wak 0 46%0.39 Sel ection Post -
Strong 0 55% 0.3 60 WD 03/024989 PCT/ US02/ 28161 Experinment Magnet Day
CD3% Si zewQOD23B249854 CD3# (FSC) (MFI) (MFI) x 109 Sel ect ipom/uBox 28160 eak 3
83% 589 685 67 Selection Post- Strong 3 83% 600 720 El Sel ection

Post-Cul ture Weak 8 89% 409 58 25. 3 Strong 8 87% 371 65 13 42.1 Table 2.
(continued) Experinent Magnet CD25 CD25 CD154 CD154 CD3 on Day 0 on Day 3
on on Cell EaYERA o] I I

Sel ection Né(% 8 7§8ﬁ3§3’|l écggi%é%{gﬁ g\ﬁvﬁv'\ﬂ\;%{éwNﬁT 44)4?(%&3%}%(1%?%(?)0#{}]0
Strong 8 10 Qmﬁyyé’éﬂmﬂb bengdaiBiGect i on None 6 309 4 12 26 Sel ection
Wak 6 685 4 67 25 Selection Strong 6 720 4 115 42 Five additional
experiments were performed conparing tfgpa 4rocess of XCELLERATE I TMto
that of XCELLERATE IITM For the cells activated and cul ture-expanded

according to theNDaw proceB®es, |cBaloaqtiDaydon DeyrkelsDagsl || dDae3 ¢D25
expression, |and CD154 ex|pr@Bsf on) Osll dgycDACBEBd 8CD®T culCeir e | ©DB:6DaYWN
bel ow in Table 3 and in |Fi @elles| 64abilitygbl eatig¥ Cel ICect | Wadbitin | Mardtier S [on
Day 3 Expefinent Cell SizRur®p2b ({91 ) |CD154 ( NFIBurity (%)
(%)’ (%)
103 70 92 1.91 79 82 1.3
XCELLERATE |
103 85 99 2.3 91 95 2.4
XCELLERATE
Il
104 67 95 3.2 84 78 2.7
XCELLERATE |
104 110 99 3.7 93 87 2.9
XCELLERATE
l
107 69 99 2.3 85 82 2.3
XCELLERATE |
107 119 99 2.7 95 92 2.8
XCELLERATE
]
110 63 99 29 91 82 2.6
XCELLERATE |
110 83 99 3.9 93 92 4.5
XCELLERATE
]
115 60 99 1.9 92 91 2.7
XCELLERATE |
115 72 99 2.2 96 94 2.8
XCELLERATE
]

= Purity of CD3" T-cells on day O after monocyte-depletion in the XCELLERATE I process
5 or after magnetic concentration in the XCELLERATE Il process
W = ratio of CD4" : CD8" T-cells on day 0 after monocyte-depletion in the XCELLERATE |
process or after magnetic concentration in the XCELLERATE Il process
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Nunber Process (FSC) (Donor) Day Day Day Day Day Day 0 3 0 3 0 3 NDalOo4
XCELLERATElI 282 526 7 625 5 50 (PC071) XCELLERATE 315 531 7 750 5 162 | |
61 WO 03/WD4R8UIBLCT/ US02/ 28161 Experiment Cell Size CD25PCWRISp2/@Eb4 ( MFI)
Nunber Process (FSC) (Donor) Day Day Day Day Day Day 0 3 0 3 0 3 NDalO7
XCELLERATE 243 578 5 287 4 23 (PC074) XCELLERATE 272 587 6 311 5 120
NDall0 XCELLERATE | 262 588 6 497 4 59 (PC076) XCELLERATE 284 615 6 580 5

197 11 NDall3 XCELLERATE 271 662 5 %%gg,ﬁ:,@:él (PC060) XCELLERATE 291 660 6
741 5 177 11 NDall5 XCELLERATE | Y02 6 25 (PC073) XCELLERATE
252 582 6 448 6 8£FFA®5N@Q@F£(EEUJ‘EM%QHBB$T MaBUCHEADEFSERONey 50 1

221 1 17 15 XCELLERATE 283 %% @Aﬁ@ﬁ)éﬂ%PLﬂ:’ﬁOﬁZ?’ 47 1 189 1 t17 Al
cultures in Table 3 were initiate cells that were frozen/thawed. The

data in Table 3 and Figures 6-7 show that the XCELLERATE JITM process
generated cells \AhoseF@eitHusssta@ aménGlaééup%pltm Teérapiis Develbprmenker s

on Gy 5 vt Sl P o PR L s oA oo Lo
3 for T-cells fromthd. XCEERERAE EXCELMERATE: 4 spreaessyua hmgneatte+depietiorf or
shove, oo SEELOVRSOERI RV, DAL b, Tl
were consi SPWV%W%@"%é red idrthe napostphasenel RolN2 freezer (as noted in
10 Example ). On the day of set-up of the XCELLERATE | process, the CD14*
monocyte-depleted PBMC were thawed and the XCELLERATE process
initiated with DYNABEADS M-450 CD3/CD28 T as detailed in Example I. The
average cellular composition and the average efficiency of CD3" T-cell
enrichment, CD14* monocyte-depletion and granulocyte-depletion for the N = 5
15 donors in these initial steps is shown in Table 5.1 and the data for each
individual donor is shown in Table 5.2.

2. For the XCELLERATE 1l process, the PBMC apheresis
product cells cryopreserved and stored in the vapor phase of a LN, freezer. On
the day of set-up of the XCELLERATE Il process, the cryopreserved PBMC

20 apheresis product cells were thawed and the CD3* T-cells magnetically
concentrated and the XCELLERATE Il process initiated with DYNABEADS M-
450 CD3/CD28 T as detailed in Example I. The average cellular composition
and the average efficiency of CD3* T-cell enrichment, CD14* monocyte-
depletion and granulocyte-depletion for the N = 5 donors in these initial steps is

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

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

30 the XCELLERATE Il process configuration results in efficient elimination of
CD14" monocytes and granulocytes (Table 5.1 and Table 5.2). The efficiency of
the elimination of the CD14* monocytes and the granulocytes in the
XCELLERATE |l process is as good as that of the XCELLERATE | process with
the benefit that it eliminates the need for a separate depletion step using the

35 additional “uncoated” DYNABEADS M-450 T reagent and consistently leads to a
higher CD4/CD8 ratio.
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The expression of CD154 on Day 3 of the XCELLERATE JITM process is

actual ly nmuch higher than for XCELLERATE | TM This observation suggests

t hat the womelote®sare in a higher state of activation duri mgTiuse22{€ELLERATE
JI TM process than in the XCELLERATE | TM process. It is 15 predicted that
this may translate into a nore effective product when admnistered in
vivo. CD3+ Cell Purity, CD4 Cell/CD8 cell ratio, and cell viability on Day
3 of culture weTablel%0: deeeags (NEElSCBﬁIcfleN@/ ¢faCDBhT-cellgiriehmeht eCD ot ype
and viability eloreliesdesietion ahd érﬁﬂoé 1dep|etichlih BRATHitd| BYbps 6fges and
the 62 WO 03/ 0249&&@@‘5@3/&% LE#R’BEEI Pkdceserc&ﬁg%rétrdhsshom

below in Table 4 as neasured by Fl ow Cytonetry or Trypan ue staining.

Table 4 NDa # Day 0 Day 0 Day 0 Day 3 gﬁgiy CD3+
Cel | CD4: CD8 | @i Pregaegttioni ty ratip* %‘é.gi%e aég??i?%’yc.m.u °.S'?§%;P8 Purity

(% 103 70 92 1.91 79 82 1.3 XCH | FFAIEl Qir@@omscvsc@MCDS*

XCELLERATE | |{lInqquing PBYS apheresis 78 A XCE ERATE 11( 3.0/ 93 87
2.9 XCELLERATFoduct 107 69 99 2.3 ég LIISXCRj:ﬁ LERA EA}I 1( 79%%.9 9%9 2.7 95
92 2.8 XCELUBREILBRATENLI0 63 99 2.9 91 82 2.6 XCELLERATEI 110 83 99|3.9

93 92 4.5 Monocyte-depleted PBMC | 51+6 | 55:3 | 57=:5 24+06

g;%?;‘g;h;‘é"&%“”°”°cyte' 64 + 4 6+3 | 04:05 | 24:06
XCELLERATE I
Freeze-thawed PBMC
apheresis product

Post- CD3* magnetic
concentration 92+22 |24+37 0+0 2.86 + 0.86

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

56 +5 112 04+05 24+08

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

Experiment | Cell . Cellular Composition (%)
Number | Preparation CD3* [CD14 | Granulocy | CD4/C
(Donor) + tes Dg*

Incoming PBMC apheresis | 43% | 11% 14% 2.2
NDa104 roduct
(PC0O71) [ XCELLERATEI
Monocyte-depleted PBMC | 54% 5% 12.5% 3.2
Freeze/thawed Monocyte- 67% 4% 0% 3.2
depleted PBMC
XCELLERATE Il
Freeze-thawed PBMC 64% 7% 0% 3.1
apheresis product
Post- CD3" magnetic 110% | 1% 0% 3.7
concentration
NDa107 | Incoming PBMC apheresis | 51% | 16% 1% 2.1
(PC0O74) | product
XCELLERATE |
Monocyte-depleted PBMC | 64% 5% 1% 2.3
Freeze/thawed Monocyte- | 69% | 3% 0% 23
depleted PBMC
XCELLERATEII
Freeze-thawed PBMC 55% | 11% 0% 2.0
apheresis product
Post- CD3™ magnetic 120% | 0% 0% 2.7
concentration
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XCELLERATE I | 115 60 99 1.9 92 91 2.7 XCELLERATEI 115 72 99 2.2 96 94 2.8
XCELLERATE | | * = Purity of CD3+ T-cells on day O after nonocyte-depletion
in the XCEDLBRADRY | process 5 or after nmagnetic concent r @Cirarsoz/esibhe
XCELLERATE Il process "P = ratio of CD4+ : CD8+ T-cells on day 0 after
nmonocyt e-depletion in the XCELLERATE | process or after magnetic
concentration in the XCELLERATE Il process 63 WO 03/ 024989 PCT/ uso2/ 28161
EXAMPLE || EFFI CE%ME@?&BF + T-C ) NG o g
GRANULCCYTE- DEPLERMORES K emaia@rstudy, upon fG:DG‘}I PEDT4 TGLFSm‘M' e Cﬁa&,‘@a" pi es
Devel opnent | apofBeM¥Y, [t he i nconi ng’ PBMC apheresfs pradect was| waygred
split and: 1. For NDag1XCHIndeRATE | process, a M0CYB% depligkd on| A Bp Wwas
carried out and| t @614+ XaeERATEdepl et ed PBMC were cryopreserved anfd
stored in the vapor phaseMgnogytergepleedPBMC (56391t led.5% [10 18%anp[ e 3.3. [n

the day of set-up of the MOWSS,SC’t/he %4+ nhocyt e-H8pl ket ed
PBMC wer e t haweg—and—the jprocess Fni-tiHated ‘,‘;th DYNABEADS M 450
CD3/CD28 T as detailed ir B BV eTRGEe 1t at W"”“““it%?ﬂ and
t he average effjciency of aghl¥ési uet enri chrrenf 8[3){44- rmnocyt e-depl efion
and granul ocyt e} depl et i o Posf- ghe DTEH%S || THopNesSe gl LT At HZEPS 1 S

shown in Table 5.1 and t heodeandrafiar each i ndi vidual domor is shpwn in
Table 5.2. 2. For t he XCELLERATE |1 process, the PBMC apheresis produck
cell's cryopresef %B%I s dngoaing RBMReaphaissis pHede ofl 7% N2 6%eezbr .2.8n | the

daﬁ of set-updo : X |__ W hz_}r‘i‘rynpr ::c.pr\/prl PB 20

apnerest s product cells Vv AT, & —PR e S .'.'&%g-@-t—l—

concentrated and the XCEIH4S Q%#%%%%ﬁ Lpﬂ\fré %.L.s'é%it ede“v'.th EGNABE Dﬁ'?%o
el q

CD3/ CD28 T as detail ed irgi’%@ggl@&c TE7Se age cel Tl ar conRposjtion @and

the average effj ci ency of TtERATEI] enrichiment,  CDi4+ monocyte- dept etion
and granul ocyt e- depl et i on Frexzeithawdd PBMCJONOT 519 [ N8%E |1 Ni % al preps 1 s
apheresis product
Post- CD3™ magnetic 76% 1% 0% 1.9
concentration
NDa115 | Incoming PBMC apheresis | 59% | 17% 2% 1.7
(PC073) | product
XCELLERATE |
Monocyte-depleted PBMC | 60% | 10% 2% 1.8
Freeze/thawed Monocyte- 60% | 11% 1% 1.9
depleted PBMC
XCELLERATE Il
Freeze-thawed PBMC 53% | 12% 1% 2.0
apheresis product
Post- CD3" magnetic 72% 9% 0% 2.2
concentration

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

In addition to the simplification and streamlining of the process by
elimination of the CD14" monocyte-depletion step and the associated reagents,
5 the magnetic concentration step in the XCELLERATE II™ process also
provides a higher purity of CD3* T-cells and a higher ratio of CD3* CD4* : CD3*
CD8* T-cells at the initiation of T-cell activation (Table 5.1 and Table 5.2).
Yield, Purity, Viability and Composition of Activated CD3* T-cells
Pre-harvest on Day 8 of the XCELLERATE I™ process and the XCELLERATE
10 1™ process were also compared.
As shown in Table 5.3, the average yield, purity and viability of the
CD3* T-cells prior to harvest on day 8 are typically improved for the
XCELLERATE II™ compared to the XCELLERATE I™ process.
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25 shown in Table 5.1 and the data for each individual donor is shown in
Table 5.2. As denonstrated in Tables 5.1 and 5.2, the conbination of
freeze/ t W@Gionm24989 t he PBMC apheresi s product foll owed by magrspt/esiel
concentration of CD3+ T-cells direct fromthe thawed PBMC apheresi s product
in 30 the XCELLERATE Il process configuration results in efficient
elimnation of CD14+ nonocytes and granul ocytes (Table 5.1 and Table 5. 2).

The effici entyblefs.31 Neel@) puritpaliasiityGind dempdsition opanrmtesCB3H TLéRIs pre-

granul ocytes i Raf/@st o%@&%h%?ﬂ&xbemmﬁﬁé I ?oc,%%s%aCihéxGE@LEﬁATEh?
XCELLERATE | process wt t he benefltp Rats it eI I mnates the need for a

separate depletion step using the 35 a |t|onal "uncoat ed" DYNABEADS M 450
T reagent and [cExpsfimeanf [ WXCEABRATE a| Pha- ﬂmmmIIde PRspels

03/ 024989 PCT/|UNZHBGL6[L  Tabroeeds. 1: Avetags = - '\/" ey
CD3+T-cel | enr|i cipoeol), CDl@onfigukationyt €- ﬁ et o%% | II ot g?%\ft%%pl etion
in the Initiall Steps of| the XCELLERATE I "&nt {h y L_E E Bce

nara AW Ta C+r~| Cﬂl\l Al | il Ay fa¥aaaVaVol ik,

Confi guration Celd—Pr 6 Zel-Huta ApasHHI on
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2.2 0.3 produ LERMELLERDL Y { S0belet ed 9PBMC| 5197 6 b. 51.73 §. 5
2.4 0.6 Fredze/thawed Monocyte- 64 46 3 0.4 0.5 Z. 41T 0.6 def ed
4

| et
PBMC XCELLERATE Nma1d7reezgcgn@_1ﬁm;ypl _,5’;yp,pﬁ§9ef;| S ggrod Jctggab bogl 112 0.
0.5 2.4 0.8 |Papto7 RaRet 222413 70— 028610
concentration Og(l I ulglrjgcc? u%'alﬁ '%rr%ﬁ =L? ’&I?s(?e m 78d by f?%w cyt Eﬁetry
according to gtandard protocols. 5 Table 5.2: Conparison of the eff|iciency

of CD3+T-cel | [erNDaHent , XCELKERAT®hOC yt1ex t&¥p| et i96n ahd 96 1.6
gr anul ocyt e- dgpl (BCD®8) i n )EGSE?LLE'HA‘FE"H STAPS @ | TTTgg XCH t@?AT o gnd |t he
XCELLERATE |1 (precess—contigurations—Experinent—Cell Cellular Conpeogition
0,
(% NDa113 XCELLERATE | 41 x 10 96 96 1.3
(PCO60) | "XCELLERATE Nl | 43x10° | 98 98 2.0
NDa115 XCELLERATE | 31 x10° 96 96 1.3
(PCO73)  ["XCELLERATE Il | 48x10° | 97 97 14

Average XCELLERATE | 47 = 14 96 + 2 97 +1 |1.2+03

+ Std Dev | XCELLERATE II 45+6 98 + 1 98+1 [ 1.8+x04
* = Ratio of CD3* CD4" : CD3' CD8" Tcells.

Also, as shown in Table 5.3, the XCELLERATE II™ process
maintains a higher ratio of CD3* CD4": CD3*CD8* T-cells throughout the
process. This may be due to preferential concentration of CD3* CD4* cells
during the magnetic concentration step (Tables 5.1 and 5.2).

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

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

Table 5.3 shows that the XCELLERATE II™ process resulted in a
cell product that was more pure (in terms of %CD3* cells) than the cell product
from the XCELLERATE I™ process. That is, the product cells from the
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Nunber Preparation CD3 CD14 G anulocy CD4/C (Donor) + tes D8* |ncom ng
PBMC apheresis 43% 11% 14% 2.2 NDal 04 product (PC071) XCELLERATE I

Monocyt e-wopbeee PBMC 54% 5% 12. 5% 3.2 Freeze/ t hawed MomoEyise2/288826 4% 0%
3.2 depleted PBMC XCELLERATE |1 Freeze-thawed PBMC 64% 7% 0% 3. 1

apheresis product Post- CD3 magnetic 1 110% 1% 0% 3.7 concentrati on NDal07
I ncom ng PBMC apheresis 51% 16% 1% 2.1 (PC074) product XCELLERATEI Monoc

deleted P o
Gepl ot e PEVS LT BRTL  7rose et 88 AR \RRRENDD, CPR RS R S De3e,
product Post% 1%03’*‘%&?%9?'@ fromohe 0¥ bbb BRATECIGH @é@@eﬁthaﬂwa(s@vmgwwmgsg
PCT/ US02/ 2816 3%k s nent Cel | Cel | uI ar Corrp05| tion (%9 Nunber Preparation

0, 0, 0,
%0 Phtor e i, B o T R A 9 ek
t hawed Nbﬁloayaieﬁaiﬁééfca‘lﬂgr(é’ﬁ)ran@ of W/@DBdeRBN[EhK@El:drER@'I&EIIG Ihalrapeeragawed
PBMC 55% 13%84CD# cell ratio of 2.2 and the product cells from the XCELLERATE lI™
process had a CD4/CD8 ratio of 1.8, while the product cells from the
XCELLERATE I™ process had a CD4/CDS8 ratio of 1.2.
The data of Table 5.3 also shows that the XCELLERATE II™
10 process resulted in product cells with an average viability of 98% while the
XCELLERATE I™ process resulted in product cells with an average viability of
97%.

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

EXAMPLE IV
FLOW CYTOMETRY SETTINGS
30
A Becton Dickinson FACSCALIBUR cytometer was used for all
the data collected and presented. Any flow cytometer capable of performing 3-
color analysis could be used by an experienced operator to acquire identical
data. For example, a FACSCAN, Vantage Cell Sorter, or other BD product
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apheresi s product Post- CD3 magnetic 83% 1% 0% 3.8 concentration NDall3

I ncom ng PBMC apheresis 47% 17% 6% 2.3 (PC060) product XCELLERATE | Mbnoc
e- del et edwDBMI26890 4% 3% 1.8 Freeze thawed Monocyte- 63%PETUB0Yasl68

depl eted PBMC XCELLERATE Il Freeze-thawed PBMC 51% 13% 1% 1.5 apheresis
product Post- CD3 nmagnetic 76% 1% 0% 1.9 concentrati on NDall5 | ncom ng
PBMC apheresis 59% 17% 2% 1.7 (PC073) product XCELLERATE |

q % 1%
S ol b, MRS Y 3, 0
apher esi s pr &Rie Borgswouldnrork@siell.c 72% 9% 0% 2.2 concentration Cellular
conposi tions were det ermien fftravhent QNG RN Mel@ﬁpeaﬁ“w ds@dSé%dgéHerm

protocols. In itipn to the si I ficat’ion ream inin
P ocese by  QuitRIRg {8 nStUmeet eARIeImAIAD pr aiapidaa G WS, Jar if Hoese
associ at e r sagties.s TheSe sktings gvertiuseddor the Exdrnplesyirevided Hebein XebvbiATE

ratio o oo edfleton g dtifgs RUb' e BhoSid e ruie i3, A erperiposs

activation (Tasgitumentl handieTalol @dfust) approptiatelyPdion topmpénsbtion t gnchndktector
Conposi tion vat s ;
np QbitAgéd.vat Qo ChR . §§CE{3 ?R‘Z Rt r%ét%?lﬁﬂ Odhtiddidd itH htfifferent

XCELLERATE ITM process and t process were
conpared. As @ﬁfﬁmenhtagémeeuge%unnwe %ﬂl@tﬁﬁé‘tw@'PY.IPaHl%JWy”%FHH"WH@lQ'YQy of
the CD3H(T- eptibial PsigRal bepiativesivotagewith afiginmalPtseddisgioverowd biert he

channels (e.g., compensation). A skilled flow operator, well-versed in using
compensation controls, isotype controls, and with a general understanding of T-
cell biology should be able to reproduce any of the data presented below.
Further it should be noted that various settings, particularly
15 voltage settings, may vary, depending upon the efficiency of the instrument
laser. For example, older lasers may require more voltage to generate a signal
comparable to a newer laser. However, the data obtained, whether with more
or less voltage, should reflect similar patterns in biology.

20 Settings used on the FACSCALIBUR™ (Becton Dickinson):
Detector/Amps:
Parameter Detector Voltage Amp/Gain __Mode
P1 FSC EOO 1.30 Lin
25 P2 SSC 370 1.00 Lin
P3 FL1 610 1.00 Log
P4 FL2 550 1.00 Log
PS5 FL3 520 1.00 Log
30 Although the parameter voltages are generally constant, P3, P4,

and P5 may be adjusted slightly up or down in order to achieve maximum
signal separation, while maintaining a negative control signal value in or near
the first decade (0-10) in signal strength in the log mode.
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XCELLERATE 11 TM conpared to the XCELLERATE I TM process. 66 W) 03/ 024989
PCT/ US02/ 28161 Table 5.3: Yield, purity, viability and conposition of

acti vat edwQOD3#24P8cel | s pre harvest on day 8 of the XCELLER&THSb2/pR16Cess and
t he XCELLERATE Il process Experinment XCELLERATE Pre-harvest CD3+ T-cell
Product Properties Nunber Process # CD3+ Purity Viability CD4/CD (Donor)
Configuration T-cells CD3+ T- (%9 8 Ratio* cells NDal04 XCELLERATE | 65 x

10 95 97 1. 2Th(d§66|111) XCELLERATE | | 50 x 10 97 97 1.7 NDalO7 XCELLERATE |
57 x 10 98 98 0 F>0074%3 LLERATE Il 52 x 10 98 98 1.5 NDallO
XCELLERATE | E!'.’[‘%’E regaetgl o (Iorwand 6Fali@tkl LERATE 11 41 x 10 99 99 2.4

NDal1l3 XCELL{ 5@ éj 41 x 10 96 96 1.3 (PC060) XCELLERATE Il 43 x 109 98 98
2.0 NDall5 X RATElI 31x109 96 96 1.3 (PC073) XCELLERATE Il 48 x 10 97
97 1.4 Average XCELLERATE I 47 14 96 2 97 1 1.2 0.3 Std Dev XCELLERATE
Il 1 45 6_98 1(;3 * = Ratio of CD3' CD4' : CD3' CD8' T-cells.
5 Also, a8 sREH] W?&@@e@%nof‘ﬁe XCELLERATE |1 TM process maintains a

hi gher ratio of CD3+ CD4+: CD3+CD8+ T-cells throughout the process. This
may be due to preferential concentration of CD3+ CD4+ cells during the
magnet i ¢ conCenmpeasatien:step (Tables 5.1 and 5.2). 10 "Inconming" refers to
fresh, washeBL1 rchotaBL2pheresis cells. The starting cells listed in Table
5.2 for the CELLERA'I;&:ITM process were apheresed cells that had been
washed, monokk? e ddepf. lkh, and/or frozen/thawed. The starti ng cells listed
in Table 5. 2gfsor g LLERATE I I TM process were apheresis cells that had
been washed and froze thawed. 15 * = Ratio of CD3+ CD4+ : CD3+ CD8+

T-cel |l s Tabl EL3-3152%WsL2 hat t he XCELLERATE |1 TM process resulted in a

cell product that was nore pure (in ternms of D3+ cells) than the cell

pr oduct

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

15 general acceptable ranges for compensation at the voltages listed above are as
shown below:

FL1-FL2 0.4-4%

FL2-FLA1 18-27%
20 FL2-FL3 2-8%

FL3-FL2 10-16%

The determination of the particular compensation or voltage

values has to be made by an experienced flow cytometer operator with the
25 following goals:

1) Voltage: = Maximization of signal separation between
positive and negative signals (e.g., surface antigen marker negative vs. low
levels surface antigen vs. high levels surface antigen).

2) Compensation: Minimization of interchannel interference

30 (bleed-over) by use of compensation controls.

As voltage settings change, so do compensation settings.
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fromthe XCELLERATE | TM process. That is, the product cells fromthe 67 W
03/ 024989 PCT/ US02/ 28161 XCELLERATE Il TM process had an average ( std dev)
CD3+ cel Iwpuwsioe4psof 96% 1 % while the cells fromthe XCELPERABE/28IM process
had an average purity of 93% 2% Al so, as shown in Table 5.3, the
XCELLERATE 11 TM process 5 maintained a higher ratio of CD4/CD8 cells. The
incomng cells had an average CD4/CD8 cell ratio of 2.2 and the product
cells fromthe XCELLERATE |1 TM proceEifAlmth@\pDM CD8 ratio of 1.8, while
the product cells fromthe XCELLERAT process had a CD4/CD8 rati o of
1.2. The data of Table 5.3 GELPRNFESATIOAANDHEUAROEY ASRATE || TM 10 process
resulted in product cells with an average viability of 98% while the

XCELLERATE | TM pr ocess ulted in product cells with an average viability
of 97% EXAMPLE 111 @E@Vtﬁ refign Bfd aability WW@‘{] ébﬁan‘gﬁ{ggm/??'ﬂc

cel I s) are5r eBiog athifiingrant-cetll dounfing RBINGL a hBMocydNMERGN ESeE FitRPESEABB.USI Ng a
variety of "irrelevant"” .(i.e., non- antibody coated or non-target antibody
coat ed) Dynal beads. Depletion was performed by pre-incubating either

whol e bl ood after separation in ficol EXAMRLEWher esed peri pheral blood with

Dynal Sheep anti-nouse M 450 beggdsyy,&f N% serum al bum n- coat ed
beads (M 450), or with Dynal Epoxy IYARQI/[O4 wggaﬁgﬁa roughly a 2:1 bead to

cell ratio. The cells and beads were incubated for periods of 1-2 hours at

22-37 degrees C, fol | ovgD14y igrestprissed dre@udte@T-e6ld ! bhtimpadl Aidriehed
cell.s were ced

nto-curt 1 e BAtbhGS BeBM oW1 B & ke Slarnent Bl o8l iF@ctins 1 GHASH by
f1 ow cyt onet rAPCsr Bietkingtheniateraetidrediothese halo aéteptorsieg effeivelyEaitdvPard | V
used Tor al| eRENuLn: an inEresglna CAIGTAR oF SLeSiS et Wofe pRERA T,
of perf or ni nFoBceisalinn withI3x2B pasamagnelic beads wereareraqyas frencesll agra@dr to
acquire identdg8l3 5 and 8 and analyzed for the level of CD154 expression. The level of
15 CD154 expression was compared with T-cells that were depleted of monocytes
but were not incubated with 3x28 paramagnetic beads (that is, the T-cells were
not magnetically concentrated at culture initiation). Significant activation of the
T-cells stimulated by magnetic concentration with anti-CD3 and anti-CD28
beads was shown by a three-fold increase in the level of CD154 expression on
20 the third day of culture compared with cells that were not similarly stimulated at
culture initiation. (See Figures 4 and 7). CD25 levels measured in a similar
manner (Figure 6) show a trend toward higher activation.
In general, marker expression was monitored over various times.
In this regard cells are labeled with anti-human CD4 (Immunotech, Fullerton,
25 CA), FITC coupled anti-human CD11a (Pharmingen), FITC coupled anti-human
CD26 (Pharmingen), FITC coupled anti-human CD49d (Coulter), FITC coupled
anti-human CD54 (Pharmingen and Becton Dickinson), FITC coupled anti-
human CD95 (Pharmingen), FITC coupled anti-human CD134 (Pharmingen),
FITC coupled anti-human CD25 Ab (Becton Dickinson, Fullerton, CA), FITC
30 coupled anti-human CD69 Ab (Becton Dickinson), FITC or PE coupled anti-
human CD154 Ab (Becton Dickinson), or FITC or PE coupled IgG1 isotype
control Ab. Cells, 2x10° are labeled for 20 minutes at 4°C with 2 ul of each
antibody in a final volume of 30 ul, washed and resuspended in 1%
parformaldehyde (Sigma, St. Louis, MO).
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data. For exanple, a FACSCAN, Vantage Cell Sorter, or other BD product 68
WO 03/ 024989 PCT/ US02/ 28161 would work to collect simlar data. Al so,

Coul ter pwodao2489 such as the Coulter Epic Sorter woul d womrkisay2smei | . The
i nstrunment setting given bel ow can be used as a general qguideline for

I nstrument conformation to gather data as was done in these 5 studies.
These settings were used for the Exanples provided herein; however,
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Phe dat a presIhpRaemBant . (Fiha 2B PR ks bl HifhSoks BRI B F Mhge.
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dat a obt ai ned" WfétWe@ f'ﬁ”‘?ﬁpr é'o"brCW%@Qte\'ioPP%@éoerho@QﬁCﬂBW cbereyy nanear
patterns 10 binekwgis whithSptdvide o frededed: BRpresSioR b BipiEY 65513109% both

B o). BphSuL AP COLABLL A 316 $WenMhaio ackh st wso

1.00 Log P5 inittatlsaooflclﬂ]mre,ogsmsarlbenbu@lnemhexpmsam Evelsotamdesdaven up
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in the | ogsnoger) eBindrew dadmety RBD PRESCH LR} anbnamidtlyddescribed above).
For example, an unstimulated CD4* T-cell would be negative for CD154 and
would therefore yield MFI values between 1-10. Upon activation by
XCELLERATE I™, at 3 days post-activation, MFI values for CD154 on CD4* T-
cells might be in the 20-40 range, while the XCELLERATE II™ process might
20 yield CD154 MFI values of 60-200. While these are not absolute values in
terms of the number of CD154 molecules expressed on T-cells, there are
sufficient to determine relative levels of increased expression. Accordingly, it
can be demonstrated that an approximate 1.1 to 20 fold increase in CD154
levels between 1-4 days, post-activation can be demonstrated with the

25 XCELLERATE lI™ process as compared to the XCELLERATE |I™ process.

EXAMPLE VII
CYTOKINE ASSAYS

Cells are prepared as described above. Supernatants from cells

30 stimulated for various times are subjected to an IL-2, IL-4, INF-gamma or TNF-

a ELISA according to the manufacturer’s instructions (Biosource International,
Sunnyvale, CA).

In an alternative assay, IL-2 is measured by intracellular staining

of CD4 T-cells using flow cytometry. For intracellular labeling of IL-2 or IFN-y,

35 cells are first incubated with 1 uml Monensin (Calbiochem) for 4 hours prior to
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Primary paraneter: FSC (forward scatter) Value: 52 5 Secondary paraneter:
none Conmpensation: FL1 - 4.0%FL2 FL2 - 21.4% FL1 FL2 - 2.6% FL3 10 FL3
- 15. 2% PuD 0924989 t he settings provi ded approxi nate the seCwiusgy281sed to
coll ect nost of the data presented below, the settings may be altered and
roughly equivalent data on stinmulated T-cells should be generated. The 15
general acceptable ranges for conpensation at the voltages |isted above are
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CD154 i s exp?efggjeﬂ'gmraﬁ?t dawnwhencesing the XGRBERATE i arethadelegi agas

been showp teppssed e XCEIABRATEN™-(@atd fiot Bhewal.t | Pidherl INFD4BhaNevels
were also markedly higher (between 1.5 to 3 fold higher) up to day 5 following
stimulation (data not shown) as compared with XCELLERATE I™.

EXAMPLE VIII
PHENOTYPICAL CELL ANALYSIS AFTER RESTIMULATION
15
For restimulation analysis about 5x10® cells are taken from the
culture at the day of termination. In several examples, the date of termination is
day 8 of culture. The cells are placed into 5 mL of X-vivo 15 media with serum
and with or without IL-2 as indicated above, in one well of a six well plate.
20 About 5x10° Dynabeads M-450 CD3/CD28 T beads to the well containing the
cells and the cells and beads are placed in a 37°C, 5% CO: incubator. After
two days, the samples are removed and tested for viability and analyzed by
FACS to determine cell size, and cell marker and/or cytokine expression levels,
such as CD25 expression levels, CD154 expression levels. Table 6
25 demonstrates these results below for five patient samples subject to the
XCELLERATE I™ and the XCELLERATE II™ process.

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

Experiment Cell Size
Number Process (FSC, | ©D25 (MF) | CD154 (MFI)
(Donor) Configuration | T= _ T= _ T=
T=004gnr| T=9 | 4gnr| 7=0 agnr

NDa104 XCELLERATE| | 393 | 607 | 104 | 478 37
(PCO71) XCELLERATEl | 404 | 659 | 115 | 544 | 12 70

()]
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states and gauge expression |levels for this marker

known to experienced flow cytonmeter operators).

Descri bed herein are 10 net hods whi c@xﬂméjﬁ(for i ncreased expression of

CD154 on T-cell s,

bot h

ALTERNATIVE CELL COLLECTION AND CULTURE PROTOCOLS

10

15

XCELLERATE™

Cells isolated from human blood are grown in X-vivo media
(Biowhittaker Inc., Walkersville, MD) and depending on use supplemented with
or without 20 U/ml IL-2 (Boehringer Mannheim, Indianapolis, IN) and
supplemented with 5% human serum (Biowhittaker), 2 mM Glutamine (Life
Technologies, Rockville, MD) and 20 mM HEPES (Life Technology). Jurkat E6-
1 cells (ATCC, Manassas, VA) are grown in RPMI 1640 (Life Technologies)
supplemented with 10% FBS (Biowhittaker), 2 mM glutamine (Life
Technologies), 2 mM Penicillin (Life Technologies), and 2 mM Streptomycin
(Life Technologies).

Buffy coats from healthy human volunteer donors are obtained
(American Red Cross, Portland, OR). Peripheral blood mononuclear cells
(PBMC) are obtained wusing Lymphocyte Separation Media (ICN
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CD4+ and CD8+. By sinultaneously stinulating and concentrating T-cells at
the initiation of culture, as described herein, expression |evels can be
driven upwoOlmayonsy val ues obt ai ned by standard 3x28 acti varcansonzsishe order
of a 20%to over a 100%increase in |levels, as neasured by nean
fluorescent intensity 15 (MFl) using flow cytonetry (BD FACSCal i bur and
anti body descri bed above). For exanple, an unstimulated CD4+ T-cell would

b ti f : d ef yi Ml val ues - 10.

Upon- act i vat i ot SOHa Mesar £ Jadtolal, 187 B> ehiaR i cs

Rt el s ok o e
pr oces pPdhpharal Sood L) ifed P

th t | ut I in ter of the nunber of 154 nol ecul es

expr esecd on TAESANI S, aiERHOR iR Culti fi8pkCoparAEREPHdte T8 MinnGaaied s of

increajsedtfexmwm)e' ad(s) (&m@l ',d'OBEd,VNOMav),Ca?;b@ellﬁmjpﬁtmyﬁggg,h?h ag 37;’0.

appr oxi mat e incr -

Dot oact fvat @"ﬁ%%@“.ﬁeﬁl&ﬁ%%@éw t F?i“°‘?§’m§&%:ﬁ§f%?:§ 9 fﬁmﬁgﬁ ; s

conpared to f X el[EﬂW_ Edy, Ithey oo emevedvby Phegbc BEparaBay S

Var i bus 11 el adS A InBR SRR, 1adBRNS Y o e fiTbER SoBaraflin ool & 1"

accor di ng t o thedNARHAEIER 8 riBstructions (Qynal): OtgjfB?@E?’oﬁfﬁ:BUﬁﬁﬁfélﬁﬁm ittag &7 BL

S;m_nyyal €10 fCWactib{? Wlir&idb%tiﬁﬁtmﬁ? 5 gl bf-raorincgzlmsetﬁtwédlms agéihlapgj[bgllngr

staining o < s in 0 ry. r.intr | i

of IL- Zgor I #%86? G§@1Le9b Oa&?'ﬁ wg}lbﬁéﬁ“b@ \%\ﬂ?jnaﬂsv%ihﬂéﬁgﬁé‘,tﬁ& To

Cal bi och cetis/mi, 20 mis ghd°Gr After washiy,0116 246 SreakdwitbGheap holi-magsay .

gl’he Cl;lcseg)“? 2405RAYS ﬁfbea?&s;i(ﬂ?’dcél@rgr?%f s@eﬂt %Qnﬁirf%tdﬁ%}r%ﬁbe%en

above, fixed %ng Eerrreg |%{| zed'using becton Dickinson intraceltular

st ai ni ng- ki t depleie@|twicenivieh nrEgnedigpeelt sepaiatinnmaTheLpritpbotfa GdP4E| aalisc arel ed

anti - hunes | E&htmewmm%aerm@ﬁﬁ@@ibwrmwﬂetﬁbs as described by the
manuf acturer. Data 5 ab%w si.tion and fl ow sis is perforned

on a Becton Di cki nson DeREEHS CEHEATe OENFE)e ip@ﬁ&;tﬂ &&%L%BN&J&? QpfGar e
fol I owi ng t hélaskHGobtzey, UrGErcalispmiobcal 37 Givito b Wamalgs).l lfﬁfr‘?ymi¥e da
S hen usi ng Tt HECaE agP, Miler forg Tyt ¥ a3 soitdiogoskl Lk e
| TM (dat a notGMHSSR)(Bopbringerr Mamnireiad)pand 1 @belUsml IL-4 (Boehringer Mannheim).
20 The resulting cell population is weakly adherent and expresses surface markers
characteristic of dendritic cells (e.g., expresses HLA-DR, CD86, CD83, CD11¢c
and lacks expression of CD4). (All antibodies obtained from Becton Dickinson,
San Jose, CA).
Other techniques can utilize human peripheral blood lymphocytes
25 containing T-cells that are incubated in tissue culture plates and/or tissue
culture flasks (Baxter bags), or other common culture vessels in media, which
could be composed of RPMI, X-Vivo 15, or some other T-cell culture media.
Although not required for the activation and growth of T-cells, glutamine and
HEPES are added to the culture media. Fetal bovine serum (10% final), human
30 A/B serum (5%), or autologous human serum (5%) is added to culture media.
The percentage of serum may vary without greatly affecting T-cell biology or
culture outcome. In some instances, recombinant human IL-2 is added to
cultures. In some instances, phagocytic CD14" cells and other phagocytic cells
are remove by magnetic depletion as described, infra. Beads having co-
35 immobilized upon their surface anti-CD3 and anti-CD28 (3x28 beads) are
added at a 3:1 bead:cell ratio. In some instances, 3x28 beads are added at a
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were al so markedly higher (between 1.5 to 3 fold higher) up to day 5
followng stinulation (data not shown) as conpared wth XCELLERATE | TM
EXAMPLE WOI030HERIOTYPI CAL CELL ANALYSI S AFTER RESTI MULATI @NT/UBB2/E8161
restinmulation anal ysis about 5x1 06 cells are taken fromthe culture at
the day of termnation. In several exanples, the date of termnation is
day 8 of culture. The cells are placed into 5 nL of X-vivo 15 nedia with

serum and Wi lheig: oIt AGYL |hlotﬂeﬁmstaméb§afﬁéd3>éweads ar@a&dwééqnﬂémﬁau i X

et R RO RIS P ERe i Yok s ol ot o GRE T B & s ood oo

| ncgbfait ;)r aAB .t Eultutesard myaintdied al@PHegreaseC aesﬂl\?/ed:@@ot:élasaredeﬁmi/ecri kaé

and/or eyt o%%@@ﬁe}doﬁée@ﬁ%é8a9§%§ﬂg‘s€%e%§meib%@ggf?%& B8l bpBeds o4

expressi dn |cellegize, anublell suriacel phenstypatassmeaswedrda fibwscyemetrict malyslse
L

P ocoss. Sa;"*#feasvéﬁ%zsm utfach Btigéns SEperatars &8 ibd Eptcked B utrgd’

T-cell's Prdadeiermingioyte meese@m@pmf@s Meledingt Rt DQtEL"LthAtPE IL+2p N4,

Processes EXPRELy MENF-&2lAs Sbﬂ‘éat@?&lléy? bW éﬁaldﬁi%é% hMEItmesl\M@hﬁémPémé@Sa‘e FSC
r

g(CD:EEErE??A%an ggﬁb %%4T1’?§5/§"37W%7°PJ ‘iﬁct{}l&%&?édﬂmﬂégy é5§<%f8“‘544 12
70 73 WO ngamam&xpm aﬁdzémammfreslﬁnpeduarmmts @gi¥es aeild@%&y(rtﬂi@OQD}S?_ .
5 h o0 ag REICHRE Tabbec A Sl LR A8 00T 17 dafs Tolulid, iftial

XCELLERATE |stimgdatiqgp whesn activated Tocellsnmg 1stowoda beRATaFiNg1a ZMore Mi@sCENS00 10

39 (PQO76) oNesbLERATEDRS I8s ditRinhirtptell 3izétas HBRIhihey-HoRRartEsdattdp® 630
66 659 8 32
is diminishing, rate of cell division may be reduced), cells are either infused into

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

1) No stimulus
2) Phytohemagglutinin (PHA) 2 ng/ml
3) (3x28 beads) at a 1:1 bead/cell ratio
20
Cells are again analyzed over time for cell phenotype and activation/functional
state. Supernatants are again collected for secreted cytokine analysis.

Cells were stimulated by three different methodologies 1) Dynabeads (M-450)
covalently coupled to anti-CD3 (OKT-3) and anti-CD28 (9.3) antibodies (3x28
25 beads) according to the manufacturer’'s instructions (Dynal), 3 beads/cell, 2)
lonomycin (Calbiochem, La Jolla, CA) (100 ng/ml) and phorbol 12-myristate-13-
acetate (PMA) (Calbiochem) (10 ng/ml), 3) allogeneic dendritic cells (25,000
dendritic cells/200,000 CD4 cells). All cells are stimulated at a concentration of
10° cell/ml. Proliferation assays are conducted in quadruplicate in 96 well flat-
30 bottom plates. Cells are stimulated at 10° cells/ml in a final volume of 200 pl.
Proliferation is measured by MTT assay (MTT assay kit, Chemicon International
Inc., Temecula, CA) at day 3 (stimulation method 1 and 2) or at day 6
(stimulation method 3), and results are presented as mean value of
quadruplicates. PBL cultures or purified CD4" cell cultures are stimulated with
35 3x28 beads, ionomycin/PMA, or allogeneic dendritic cells.
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(PC060) XCELLERATE 11 411 633 113 816 12 145 NDall5 XCELLERATElI 433 514
105 247 13 10 (PCO73) XCELLERATE Il 408 569 81 369 20 36 Average
XCELLERATWOI0340ip8670 89 514 9 48 :t Std Dev 58 24 3 43 pCa/usod)sigl 163
XCELLERATE 11 399 583 94 577 14 79 84 22 4 48 13 189 EXAMPLE | X
ALTERNATI VE CELL COLLECTI ON AND CULTURE PROTOCOLS XCELLERATETM 5 Cells
| sol ated from human bl ood are grown in X-vivo nedia (Bi owhi ttaker Inc.

Wal k il VD d t 0

U T2 (Boeht) naor AbnoiioRdrie 'Be_ PUARLETBRLES, Wl ik oght - REIeE 5o
human serumQ%Wl‘ﬁqrak%&9"a"£atm|ﬂ<ﬂ|pmﬁg1§t'muiaﬁl@nl'ﬂthrBUﬁn X%b@@ds (anti-
Rockvi |l I e, “@DSM &Qtl 28R immbbiiged BA HEddY MitacHel tepthetlisads \ﬁé*'shéeéATCC

Va are n 1640 |fe Technol [ nted with
Lovk FBS (B UM TONRE, (AN KPR ey WA the @BTbOGER (DBl laBhagrio the
Penicil | 5 (bhedds, Tecamtivodigisesinglyaod ddamgVirbtrobilizedyen a p(altef€F|g'@|@190éIQO| es).

Red Orobs, ST Eﬁtg%%éf@és el PGS telfaRial slifiRghihAT Coupetl "

obt ai ned usnﬁgmuly apti @Dé?eplad anticPDRB dinabgads\+/- momymemepleﬁeg and +/-
PCT/ US02/ 281ﬁumP§1§f|t[e@eut|cal s, Costa Mesa, CA) according to the

manuf acturers' instructions. Per| pheral bl ood |ynmphocytes (PBL) are
obtained fromthe PBMC fraction by incubation in culture flask (Costar,
Pittsburgh, PA) with uncoated 5 DyngixasiBLERynal, Oslo, Norway), 108

cells/m,,2 beads/cell, no ha es can be renoved
by adherla%ce to the cul t'ﬁBBS&ﬂSE;‘?EPLN%H@@A%E}%FR N'@™n be renoved by
phagocyt osi ng the paranmagneti c beads and then depleting these cells by
magnetic cel | separ atiMoncsesy qCOY 4t op hédbtgﬂ@%éll@?taréeré‘md)w frefh | el

(Dynal). CD4r;rreggrlaltlsong rv(?a %Igglr];étl%ddéglgm)rg r:Enng a variety of “irrelevant” (i.e., non-
antibody coated or non-target antibody coated) Dynal beads. Depletion was

15 performed by pre-incubating ficolled whole blood, or apheresed peripheral

blood with roughly 2:1 bead to cell ratio of Dynal Sheep anti-mouse M-450

beads, or Dynal human serum albumin-coated beads (M-450), or with Dynal

Epoxy (M-450) beads for periods of 1-2 hours at 22-37 degrees C, followed by

magnetic removal of cells which had attached to beads or engulfed beads. The

20 remaining cells were placed into culture alongside un-manipulated cells. Cells

were characterized by flow cytometry for cell phenotype before and after

depletion. Figure 9 demonstrates increased proliferation in the absence of

monocytes.

EXAMPLE Xi
25 PRE-ACTIVATION AND POST-ACTIVATION KINETIC TIMECOURSE STUDIES

A series of experiments were performed in which human T-cells,
isolated either from whole blood or from apheresed peripheral blood, were

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

1) No stimulation
2) Stimulation with phytohemagglutinin (PHA) at 2 ug/mi.
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10 fraction by incubation with 10 g/m of nonocl onal antibodi es agai nst CD3
(clone G10-1), CD20 (clone IF5), CD14 (clone F13) and CD16 (Coulter), 108
cell s/ M ,wb@3ne498at 4C. After washing, cells are treated WCrhusshzsapl
anti-nouse |g-coupled Dynabeads (106 cells/m, 6 beads/cell, 20 mn at 40O
and then depleted twice via magnetic cell separation. The purity of CD4+
cells are 15 routinely 91-95% as neasured by Flow cytonetry. Dendritic

cel I's are gespr at &tinfatfon' with astkerbyra U&N@ (b@ads tialingr anti-COBsénd eABCRY) |
108 cells/m, 2h at 37C (w t hout After extensive washing,

adherent cel b§a€$§°@HgﬁtﬂdéBeﬁe&’) @t%éy"ﬂ hbﬁ@@ﬁt%.'TClet@pﬁl ng 500 Um  GW CSF
(oer nger G i 32 b 5 ot Boe By Besicd bERAay s e
e marker s

resulting cell popula |on I's wea eren Xpresses ur a
characteri st 'rencmﬁbldantinumalmllcéldtSO(Lé/ng 6 n@(rpl)esses HLA- DR, CD86, CD83, CD1

1 d | f C4). ti bodi ob df t
i oki noonS  8hn 1 b6iureA) Pex REsSencenl qBR0RH (BT obRaSRRBore Bheri
bl ood | ynpho%MFt@r%d faﬁow.ﬁgtrémevagofTafsféménﬂd?% &8 vhef‘ﬁ‘rb@%ﬁé dbalefnbﬁ Udfh

culture plates and/or tiSsue culture flasks (Baxter bags), or other cConmon
cul ture vessal\@riety gédirglevant”dbynaheads. Hoepletipo veas perfemad axilldstratersin or
sone ot her Tﬁashtpéﬁlture medi a. Al though not required for the activation
and growth o (1: glutam ne and HEPES are added to the culture nedia.
Fetal bovine serum (10%final), human 30 A/B serum (5%, or autol ogous
human serum (5% is added to culture nedia. The percentage of serum may
vary w t HOut greatly aThecfolloging cegdll surfacegynarkersc uhédrer eartalylzedmby fflowsone

bhagocyt ¢ COIBTRE id%ﬂﬂﬁ‘%’éﬁ'?fgh@"ﬁgf Bptagtfidhibhse, | E02°Ehd, Eha e
depl etion as QWSCGDIJ%QCDMJ 692086&25 5@‘\06%5301116'544 @Q@%pGEWWé’ r
surface anti (GEBawh Y. i C@P%‘f’ze( a8 R&@fTined! & d@fé%ﬁw VJO&)/\%@%E el |

ratio. I n sonme jnstances, beads are added at a /5 02498
PCT/ US02/ 281 8%fHes vig 5’&‘%‘P’F‘9F’¥t|o I n other instances, the 3x28 beads are

itdtiled sgqaegtlal |y ovRtarkdrs, fsumtagsamfscnta @mauce)afvicmmgli mtﬂg abeg, of -

at a S al e ne a ees

L1t gy T ophehA e D e use 4 WeRInTAS 17 Bchette e e

to determ neandl SprnmIatyonscthllemﬁmwgi_, s@attml ICI§25,e CcD62L,cED54s ICD 438,

phenot ype as oz distido fdtefé/?/nﬁﬁ(é ?Pﬁ\;a{ti'og ﬁmcf?énél‘ pY@ﬁéJﬁ%é’ oPéelE“r face
SO CO ecte ro

anti gens. Supernatants are a m cultures
cyt oki ne secretion proHuMas perphedl Noodulymphocyiesi centaining I-[CQHS I\Meﬂﬂ?

20 prepared as described in Example IX. Cells are analyzed over time for cell
phenotype and activation/functional state. Supernatants are collected for
secreted cytokine analysis. Figures 8 and 9 demonstrates general growth
characteristics of human T-cells following activation with 3x28 beads +/-
recombinant human IL-2 at 10u/ml and +/- monocyte depletion . All cells were

25 cultured in Baxter Lifecell Flasks (300ml). The one plot labeled “Scale up”
refers to a 300ml flask culture (No IL-2/Monocyte depleted) that was expanded
up to a Baxter Lifecell 3 liter flask. The graph demonstrates an approximate 2-4
log expansion of human T-cells under the various conditions.

Figure 10 shows the kinetic analysis of cell size as determined by

30 forward scatter flow cytometry profiles over time. T-cell are seen to increase in
size shortly after activation and subsequently decrease in size so that by day 14
they demonstrate smaller forward scatter profiles, indicating a more quiescent
state.

Figure 11 shows IL-2 receptor (CD25) expression over time

35 following 3x28 bead stimulation. Both CD4" and CD8* T-cells show an early
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|FN-y , TNF-a. As activated cells grow and divide, cultures are maintained
at 0.2-2x106 CD3+ T-cells/m. Wen T-cell density exceeds roughly

1. 5x106/ mvp 02024984 t ures are split and fed with fresh nedi C3Wwsay24161 gi ve a
cell density in the 0.2- 1.4x106/m range. At roughly 2 hours to about 14
days following initial stinulation, when activated T-cells are shown to be

entering a nore qui escent phase (e.g., CD25 | evel s di m ni shing, cell size
as determ ne r. , f V.
be reduced), %&F?ésé)éer{\gége Ptlé\%;lf uéza&* nt o’ %ﬁffex 09] &%hé ragé sd[réWat ed

with one of tedugesl oainmajortyiahll- ¢ells:L)ndwat@g|amp(%qgoespwt%af@rragm utinin
(PHA) 2 g/m  3) (3x28vmafiséx2@tstﬁn&|aﬂedﬂeﬂeéw§'ﬁeda%éOmo?@ GBles8er’ glowgai n
anal yzed overq}%sng ?r cel | 5 go%épe and actiyation/functiqgnal state.
Supet nat ant s AW PrEiN SEBTTh they Wk resslRUed R FOORASIORS Coi | 5 wer e
stinmul ate® by three different nethodol ogi es 1) Dynabeads (M 450)

coval ently cqupl eq,t (OKT-3) and anti-CD28 (9.3) antibodies (3x28
25 beads) acggrdl (rilllé) %ﬂ]ﬁ{émﬁgﬁuf acturer's instructions (Dynal), 3

beads/cel |, 2) | om-ntygug/nﬂCal bi ochem La Jol I a CA) (100 ng/ m) and phor bol
12-nyri state-13- acetate IVA; (Cal bi ochem % al | ogene| o
dendritic ce®s (?52@(%09"@@?6 bead stimulation ca-l'CF . cells are
stinmulated at a concentration of 106 cell/ m ProI i feration assays are
conducted in quadruplicate in 96 well flat 30 bottomplates. Cells are

stinul atg¢ at 106 cell Nlﬂﬁetid*ar?al%ué‘@k célPénEéRfonaRPchtter Bhﬁbbé Phéhbﬁ)ﬁe' s
measured by MIT

Chem con | nt el’ nati on
Memotul . CAPChySing, Toerkar naioabionn 3RS HOIPKITeL ReoISLas) Wae ign @erformed.
(stinul ati on Figureod2 %homdomasdlls@atwr e(cpll esigait kﬁhe&es nfiellowingl pemairy and

w'in 35 sxosoney “Hihdlafin.r) BRHF o Sria cERe i R Bl

03/ 024989 Pckmeaaosmm\mg pemannand secondarp glimulations F@gur@sls slows Gl
Coul t |
(Coul ter JS tity IW b)&{%%én@ SfSII&fnﬁ%?g%ﬁhéw étﬁtul?ﬂbﬁ‘goﬁtd 1”‘ of§! (Y bﬂ ddﬂtAo

3x28 bea I zed ds attac

the beads vi &¥ReEgellaB) where the RNy %U(EB'aB@%d‘éaSv@'thﬁrtWé’ﬁ@P@gdleég
coval ently ahhaqb%ﬂumaﬂdmewﬁs l@ﬂaéhs nétie, amAb@rds)@e Béads. ywrarrkedy@ielnueatmg

bi | d trat
moer s o1 BRpARALECi A EUR nsi S B 950 Uk RIS GR S bl
anti - CD28 on pbemattiortQurimgp 8x2y tietibtey eéadactaation/(Figures 19 and 22).

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

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

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

of T-cell maintenance and expansion. IFN-y has been implicated in driving T-
cells to differentiate into Tw¢-type immune responder, while IL-4 has been
implicated for driving T-cells to Tyo-type responses. Cytokine release levels in

30 primary human T-cells activated by either PHA or 3x28 beads were analyzed by
stimulating T-cells as in Example IX, including kinetic studies of responses to
primary stimulation and responses to a secondary stimulus. The data are
shown in Figures 18A-C and Figures 23-24 demonstrate a unique feature of
3x28 bead stimulation. Between day 2 and day 4 following initial stimulation

35 (day one was not assessed), extremely high levels of both IL-2 and IFN-y were
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20 units of 1L-2. EXAVPLE X 10 MONOCYTE DEPLETI ON VI A MAGNETI C DEPLETI ON
Monocyt es (CD14+ phagocytic cells) are renoved from T-cell preparations

Vi a magnewDo3depBeti on using a variety of "irrelevant” (i PeT/usnpesiéanti body
coated or non-target antibody coated) Dynal beads. Depletion was 15
performed by pre-incubating ficolled whol e bl ood, or apheresed peri pheral

bl ood with roughly 2:1 bead to cell ratio of Dynal Sheep anti-nouse M 450

Rooy ((l\)/[450) SRIRRTASREHY SHSHThEEEG8 S QRBRfe setfedoflioobvdb e iidh
by rmagnetic forosaR| bead-simulaterh Torelln @sacomprRes 1o '9%%{850@9% oF @@Ils
beads. The 2%t.hﬁ1mbanmh mASA\heé@perme 7-f318 idrehse en ﬂi' Wieltewas also

phenot ype. berDReERingPes Simulied T 8IS f6 Sarpoe Qi bIRi é&go%%e&é” g
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%\I %I :Dfog_rl_ a}g’cﬁ)_:lhe rcasheofausentthagrm'ﬁcreawms aot dsxaidehatioKfor2prifmaRy AGMUAABNON

- s wer e
performed in Ie/(\ﬁ %%ﬁmﬁdr%feéﬁ%ﬁyﬁg?ﬁ@ &%’@Sr % rtﬁén %&%‘F&%b% lS]a(a}‘%or from
apher esed perquigsseat (ns looger dividing oseareting thedleree: cytakines ynentioneddlavehs .
phyt ohenagal L@W‘HM@ Smyddyon ey RS SaTSlal T RIEE Hehdoads,
Stimul ation A 3908l HB'@QG%J@%@ads Tr@ligwaigh - bed deeeined i adsinitigbads
conj ugat exd t ketieaton/étpansiorPsighallthbsash BxaasT beadjé seéicted eden ﬂigh@ﬂ'l@tél@ f or

culture int presen ence. of. exo

15 e 10 ulENG BReveE RBRER BlimBy AERRIE o, i Edhredst BB el iverern 4

phagocytic cemltlal)y stimuladéd withd PHA beciieteq rlléNﬂvlelvetsf maicbrlewen ttham seen efof s

via magnetic ' ' ; ' "g&?ﬁ a

Depl eti on wasﬁﬁg?g%z? rergléiﬁ%s'm fsl 3S|tfﬁ‘|5t ré}{ceE\Qéfee%zlﬁg%Wse Pﬁ.f&'fqvels

cel | surface markers wdhesgnaldaiad ngeﬁw Wiorr@?“% t @btRIARY ni f@'oﬁ\éﬂ\g

phenot ypey @n%cﬁﬁétidfﬁéxpahsﬁdrah%dué?e% th@?%h @8 bédds akd¥dnctidiblly diBient

CD25, CDA5RA, E %?5 (%DG
than thosé obtained from o6ther means of expansion, such as PHA. The
resultant cells appear to have an altered cytokine secretion response, one that
promotes very high levels of both Tys and Tu2 cytokines, with a possible
favoring of the Tyi-type profile (IFN-y). Secretion of such high levels of these

20 cytokines in culture can have many effects, including: driving T-cells into a Twy

differentiation pathway, which is one that favors anti-:tumor and anti-viral
responses; and also by altering the basic functionality of resultant T-cells (such
as lowering threshold of activation and inhibiting programmed cell death
pathways).

25 EXAMPLE Xl
ANALYSIS OF CD54 EXPRESSION OF CO-STIMULATED T-CELLS

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

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

30 stimulation was either PHA or 3x28 beads, and re-stimulation was either: none,
PHA, or 3x28 beads.
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(41 BB), CD154. Cell size is also exam ned, as determ ned by forward
scatter profiles via flow cytonetry. 15 Markers, such as CD2, CD3, CMM,
CD8, CD14yvoORay9s€D20, CD45RA, and CD45RO are used to detremrtisns28isl B, and
nonocyte | i neages and subpopul ations, while forward scatter, CD25, CD62L,
CD54, CD137, CDl1 54 are used to determ ne activation state and functional
properties of cells. Human peripheral bl ood |ynphocytes containing T-cells
were 20 prepared as described in Exéﬁﬂt\/ﬁ-’l |\$;el | s are anal yzed over tine
for cell phenotype and activation/functional state. Supernatants are
collected for secreted cytdi@RTel W?BVAT'OMWQP@WQ 9 denonstrates
general growth characteri stl cs of human T-cells follow ng activation with

3x28 beads +/- reconbi pﬁﬂ% man |.L-2 at 10u/m .and +/ - nongcyt efﬂﬂepl etion
. Al cells were 25 cu eédem{e%.'?f‘e‘?’ailmgﬁ'équdF‘P‘é?srk‘éar(%Oms eWElge
pl ot | abelSedstirBakation wb T-cellsf s settforth i3 Examié BSkIn:tHlé tegard belld are2lalelwecyt e

depl d h |1 l ] f T

G aph denons ftay SR-EERAAICEA, i hRedtt fBlerol R, FrEcdolibled 3AELMEN ge.
the various E&dHdiet (RIvarmimgen)r £1TC-caupled @néi-hurman i@D26 a(PRheimsingeny,eFITG ze
as determ ”eéo@Med3Qananrwfﬁéﬁ médﬂ (Eélortfytlf]médﬁ &f 'al'\ﬁ%uﬂ‘\ﬁ?{ 3pL:7

T-cell are s Q I ncrease e after activation

subsequent | y?%&'%%&"é‘ i ANdj z%e‘gg h?k'BW@ay F}C Q%’@iﬂ%eﬁfﬁ ymne SRES er

f (r)]r war Idletzf)at (Marpﬁmjed)ﬁﬂTC%upwd aoti-AuRire tOIDJIISﬂS rmlﬁgéﬁ)eFl'FC%U Iebé
shows -2 e [ ti e

ot Tl it on. SeEkRas, €02, ABSRSa3H Bickinghe., Fillendiy) 6R - 5M6ep65,856

PCT/ US02/ 281BamanrcPéas4b (Becten dpickinsorgy EITCBor @&ycdupledChfi-hemyare ££) 154

I I i

St AR OGBSO,

CD25, | ow f oPWHY darecibelad) fori 20 inwies ated°S withl 21é @f £ach og¥|ina lea|1) No
stimul atitgn v@unfa-H :ﬂyé Wasﬁbd%zha&eéa’@;fédo%rdahem @a?&oﬁﬁamh é (35 r’ﬁa &t.

pea 02 T EoL T ol St ) et PR e s Sae e

surface phen ?Wﬁe
was t hen perﬁgmresdﬂwer&lampear Isigsificanst differeriodssowdrt activatiehl tiezas welhedsi cs

fol l'ow ng prjERleaend84* and CD8* cells.

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

T cell expansion was evaluated using varying concentrations of

CD3:CD28 ratios on the 3x28 DYNABEADS® M-450. In the experiments

described herein, the process referred to as XCELLERATE II™ was used, as

25 described in Example |. As shown in Figure 27, surprisingly, about a 68-fold

expansion after 8 days of culture was observed with a CD3:CD28 ratio of 1:10

on the beads. A 35-fold expansion of T cells was seen after 8 days of culture

with a CD3:CD28 ratio of 1:3 on the beads. At a 1:1 ratio, about a 24-fold
expansion was seen.
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secondary stinulation. Figure 13 shows CD25 (IL-2-Receptor) expression
kinetics follow ng primary and secondary stinulation. Figure 16 shows CD54
(1 15 CAMyvoaspe48%i on foll owi ng secondary stimul ation, onPCDAmRF281el | s (A)
and on CD8+ T-cells (B), where the primary stinulation was either PHA or
3x28 beads, and re-stimulation was either: none, PHA, or 3x28 beads.

Mar kers delineating between CD4 and CD8 positive cells were also used to
determne their relative proporti ortmegega@? anti body bead activation
(Figures 19 and 22). 20 EXAMPLE Xl | CYTOKI NE EXPRESSI ON
PATTERNS OF T (RELS FIAANAION SINGRYARSINGhBEAR TeCRbE:. RATIQE F@R P OSITIVE SEUECTIN
including IL-2, |fdywebNyRarviNG ARUNTS of SERUENPREADDIIEN 8F BRhps St udi ed as
they relate to T-cell maintenance, expansion, and differentiation.

Not ably, IL-2 has been shown to be supportive of T-cell naintenance and
expansi ons | FN-y has Beds exapiple desctibes miodificatons tectHd EXCELLERATEN Y at e

Tloel I to HOtTSBee ERERBRED kbt e ae Fbuie TRAH ST rals fuman
T-cel | s act ipagitye sglectiamand kerropliimaxD el expansiondheaughythedirbl/ 10 staymafat i ng

T-cells as idtinfofaigd.e ' X including kinetic studies of responses to
primary stinulation a%qérsl%?iponses to a secondary stinmulus. The data are

shown in Figures 18A- [stAxpetment, LOMRANSASE ware radeiof Gells pasitively of
3?_28 Peflpb Stéel?dt%d wath. a Bet vt ofl3x282 beads:délls ?nd @tiin@\m't_ég with Varging rfatigst ]
stinul ation . Qne. was SSEeSs . me i .evels of bho
IL-2 and |Fl@3 e&gé‘%ﬂa‘%%%%%%ﬁ 'ng‘%@é%é/‘ggﬁﬁgf %E&@P . b%"ﬁ@é?f?y
5-fol d i ncr gesdively selectedtwitts 8528 DYNABEADSE: M-450ad beadT-célbratidsad 3:1
bead- sti nul afed4.%-c GO r 6e S . f ko, CLl

sti rruisalt ed wt h1 mﬁdﬁﬁhg%ﬁo@%? g %?Ifdol géisng#ggg{éﬁfﬁol'%e%e?% W\/\eé% al so
observed i n isgladsandrigsmseanded in 1 NbRBEot % Buman serem- dgumashpdr t s.
St ol ot | o Doads, Wereaddog fone! oA Adihe 2 Fhist! FOFIAG 1 Prale, FOX 100
after cell s-‘mﬁﬁgbe% \é(gt%ﬁﬁg?‘ﬂlp ﬁlﬁ"ﬁﬁ@? g%’% 'n‘?t"&r -@&F@fﬁ Were ftyred e
cyt oki nels nem Ti-26) édslesbane on dagl 3,mmgngedoamdrapm ia{d ewelitplates ih Seml veluin)e. .
re-stinul at t N -gells
whi ch had  CuEok B Wb e SHIERET 2o 20100 BBl o adla 54 At nafze
beads secr etwagllsewere splihtor 2%vel§” cells/iwel- y3x2& healds ewered thenl Begierdiatly i nar y
stimul at (Pn-ad'd@dQQ%6&3éelﬁﬁf‘d§itﬁ/e‘h{1ﬁé{%&§g?g 1¥gtétloaﬁééﬁs?éélf§ylﬁ%t SthiahiDedHA

secreted | FN-%_ | evel s muc ower ) . . .
in Table 7, cell yields on day 10 were highest with sequential addition of beads

. on days 3, 4, and 5 at a final ratio of 0.2:1.

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

Positive Selection Ratio Ratio of Sequentially Cell Yield X 10° on
(beads:cells) Added Beads Day 10
(beads:cells)
3:1 Selection None 4,300
1:1 Selection None 2,600
1:1 Selection 0.33:1onD1 &2 6,700
1:1 Selection 0.21onD1 &2 4,000
1:1 Selection 0.2:1 on D1-5 9,600
1:1 Selection 0.2:1 on D3-5 11,400
25 In a second experiment, positive selection times were varied from

0.5-1.0 hour and the bead:cell ratios varied from 3:1 to 1:1. As summarized in
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their 3x28 counterparts. Simlar difference were al so observed for IL-4
| evel s. These data suggest that cells obtained followng 15
activati owOegp2a1989 on nedi ated t hrough 3x28 beads are functconsbt/sidi ffer ent

t han those obtained from ot her neans of expansion, such as PHA. The

resultant cells appear to have an altered cytoki ne secretion response, one
that pronotes very high levels of both THL and TH2 cytokines, with a
possible favygpigng, tﬂtemgees?'&nt TR Fohtaihed WA £Y41 0 I gh
| evel s of these 20 nes chu | tur cozwgﬁave rrany ?ec Ee&? ﬁ‘%‘?’@fdﬁ

driving T-cePfPECtion ra@l’ﬁi””"@? @ngrssquential additianglea tc,(h isragiaen days
favors anti - Bumrs amdsrwmld beinotéd hbwsta@rnm seamin lviith &beabitcelliratio bhg:basi ¢

functionalit

activation a%c?:fo‘.{

hites Bve FistFiohsat

such

PRMe

fc?i%ﬁtﬁwevr

t hr

ABunyy

eshol d of

25 EXAMPLE Xl I |

ANALYSI S OF CD54 EXPRESSI ON OF CO- STI MULATED T- CELLS Figure 16 shows CD54

(1-CAM expr ereble8: Cell Yivld on DaE 90 tallgwirkt V
and on CD8+ T-cel | ReiBy, Tithsy, @ntlBediienfiar 3x2

Ingt PesitiverSelelddian T- cel I s (A)
&d Agdiighi on was either PHA

or 3x28 beads, and re-stinulation was elther none, PHA or 3x28 beads. 80
WO 03/ 024989 PC}S{,WQ&@&% EXAMRLE XV [SRIGRT, =
ASSAYS Mar ker |lexpression was|nonitored over varl Oﬁ%tl < ﬂ%&ﬁ?( 5
stinul ation of| ToRad¢ell Batiset Jelpqtian TineyanpAddeddBeads t hi s1Q egRay 1(€bl s are
| abel ed wth f[anti-human CD4| (| nmunot ech, FuI(EI;@rdeJMB)CA) FI TC coupl ed
anti-human COLTa (Pharni nge FIrTC-cou ant] - numanm ¢o26_(Pharmingen) ,
FI TG coupl ed ﬁJ - human (‘ﬂd)!)',Lo iPL\1 0413’1' -b upl ed an 10uman  CD%b4
(Phar mi ngen anldi:Bect on Di cki 130rﬁ|nut€sl TC— g Ngpleed ant i - humarg 39995 10
Phar m ngen), [FI.JC coupled ah - m ngen FJ JC-coupt ed
famti -hurrgn )CDZEL?Ab (Begton D é@,;r LH&S Eulll ‘ngfl %rsf‘A\g l:f 8. upl ndpantl -
human CD69 Ab |(Bect on Di cki n:BﬁhmlnLEd:sTC- crOPEondmm Id ant |5-70Qman CD1%4 Ab
Becton Di ckin or FITGCp | ed I~5,01 contyal : 2l | s,
5105 ar e | abar i tor.20 mnlRQmmeLE Ca by DRCLVEE LYBID 0y i nla
final 15 volungl:bf 30 |, wash6@dmimdes esucwlmded in 1 % paAadr el dehyde
(Sigma, St. Loujs, MO . See|Ep ﬂhﬂtﬁés‘ 21- %2 fth D%GA— 26L, qsedos denonét r at ed
by these figures—there—appear—stgntiicant—diiierences—oyef—act-vation tine
as well as 1:1 60 minutes 0.2:1on D3 & D5 9,000
1:1 60 minutes 0.2.10onD3, 4,&5 7,900
EXAMPLE XVII
T CELL EXPANSION USING XCELLERATE || AND THE WAVE BIOREACTOR
10 This example describes the T cells expansion using the Xcellerate
IIb process followed by seeding cells into the Wave Bioreactor.
Day 0 of the Xcellerate Process — On the first day of the
Xcellerate process essentially as described in Example |, the required number
15 of cryopreserved Cryocte™ containers from were removed from the storage
freezer, thawed washed and filtered.
Day 0 — A volume of cells containing approximately 0.5 x 10°
CD3" cells was then mixed with Dynabeads M-450 CD3/CD28 T at a ratio of
3:1 Dynabeads M-450 CD3/CD28 T:CD3" T cells and incubated with rotation.
20 After the incubation, the CD3* T cells were magnetically concentrated and

simultaneously activated.
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The CD3" T cells were then resuspended in



bet ween CD4+ and CD8+ cells. EXAMPLE XV 20 T CELL EXPANSI ON USI NG VARYI NG
CD3: CD28 RATIOS T cell expansion was eval uated using varying concentrations
of CD3: GRP3n2a98Ds on t he 3x28 DYNABEADS(r) M 450. In th@CeAser/2sment s
descri bed herein, the process referred to as XCELLERATE Il TM was used, as
25 described in Exanple I. As shown in Figure 27, surprisingly, about a
68-fold expansion after 8 days of culture was observed with a CD3: CD28

tio of 1:1 ft
8 days of CUP?m%‘bté”ﬁ?ﬁﬁﬁ*’@ﬁ‘%%é%' Cefl CHRPOPAY The bfbomalt BRGeiR * ©F
rati o, about aadbeagswas f@ﬁpmqsinn\aa@at@@éﬁed@@tamnggwgnmcpé% 0Sek/ 28161
EXAMPLE XVI T CELL EXP&NSHFRréimd\Bay RYIThe G548PcdiCrele RaifureR E&%HrT! VE

SELECTI ON FOLLOVED, BY . VARYI SE! | AL Al IT

Thi's exanpl o~ B EDISH RV} B SRS 6" s SEStehacERE RBTH IRf s LR cee
Exanpl e | b t baget dhei hbags wene Herefeterotd te the pdtidntededicated iimcubbitor (3PWG, ti ve
sel ection angofeq?rgptl mal T cell expansion through the first 10 days of

stinmulation first experiment, conparisons were made of cells
positively 10 sel ect e@nprareund Day4 i J her CBRS gelimuese culture-expanded forl at ed

W th var i ng-badddifiondtaa MR EA!domRLcbrikad deaisalilub el alo fRRrrlays

of stinmulation ositivel BEADS( r

M 450 at bea8©8deRiNto 320 dsWaveBipre @nia'nlflgratWeLyOPm%tOf pedia hPoa
cells (agsuntcels 5@3@0%&1 crsellthséd W 87°CG,s vAt@0, avith rthg uaaee dedtion dt nis PBS

5% h d. 15 dded f t ot al I f
o Sy S i B RS et o g fota verure o
total cells. The cell s Oeir @ounts twareddeterminedSeddtadday amdi compbagd 3p callsnt ed
o 1o’ APPSR ST, P o Ryle! ol L8 it
split to 2. 5F»QUI@@80eenp§nw@n| was@zm@ ly' imareved avhesegeliswerg (cplteredaifided
to thoseqgel raePRRIve] BRIr¥adtSr. e Hupfed! cdlf dendtiic® resassd as! Hu?h 2% 5HURTHRE Zed

e o abetem! TS WA BlordSndl o8 v 1hamasiviitg el dengi o 4% o

on Day 10 FohO%mbsu@thdmyltthmqoe:ellemlte AxRB8c&esndAAdtH iceb wouRosf athout 800

Sel ection RapjnR3bE Achleval MUYy & b el 88 2 t&rh gt count of about 0.5
X 10° cells using The Wave Bioreactor.

20 Thus, The Wave Bioreactor provides an unexpected and dramatic
improvement to the expansion process. Furthermore, hitherto unobserved cell
densities and final absolute cell yields were achieved using The Wave
Bioreactor.

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

Alternative T-cell stimulation/activation and expansion strategies
using The Wave Bioreactor, or comparable bioreactor systems, are developed
to achieve high cell densities and high final cell yields.

30 In one strategy, cells are thawed and washed and positive
selection is initiated as described in the Xcellerate Il process. The positively
selected cells are transferred to a 2 liter Wave bag on the Rocker platform..
The volume is increased to 1 liter by introducing complete medium into the bag
via the outlet tube. The bag is then incubated on the Wave platform, without

35 rocking, at 37°C, 5% CO,. On day 3, gentle rocking (5-10 rocks/minute) is
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(beads: cells) Added Beads Day 10 (beads:cells) 3:1 Selection None 4,300
1:1 Selection None 2,600 1:1 Selection 0.33:1 on D1 & 6,700 1:1

Sel ecti orw0.03/03498n D1 & 2 4,000 1:1 Selection 0.2:1 on DPCH(S0561 1: 1
Selection 0.2:1 on D3-5 11,400 25 In a second experinment, positive
selection tines were varied from 0.5-1.0 hour and the bead:cell ratios
varied from3:1 to 1:1. As summarized in 82 WO 03/024989 PCT/ US02/ 28161

Table 8, thg ha@aeson%w 4:5' %ésicaﬁ g\%y é%aws??ﬁ@a 3& %eéb me;r Ryvave bégfsg& Zce' !

rati o selectlo or bead

rati o on dayge vel Uéﬂ@i '%'”quasﬁﬁ’o@l‘ﬂ"l?és ng'f‘édluﬁbqﬁwy Syﬁg{n iscteddpiingreaseh a
bead: cel | 1 ahé 9oRimd of the bag 89 itars per @ ONRayhT SBepribsioh is e et i on

ields. 5 Tabl ; Vi P
Lelecti on | AT GDOUED s "Shing mﬁéﬂ’hgoéla Uil SRh M i8R b Bipme
Sel ect i orb PadithevieadRat i1@ btiersSe dre rdaya® Ity dzgl i 2,Ycellsd are hBesabtétk| |th&afluid
Sel ecti Ti : : , ”’h ]
021 on pe EMed SRIE HekeRndBeliha's g 67 SBncglemt i€ rematb ST oy
4,400 1:1 3berauilet eump.2: The@npelag megmet7igoattachedsty thegubpubline.l he D3,
4, & 5 6, 70Qxphnded el ;WéHﬁét Noatowed &9 flow uttef fHé’Qbelﬁepbag]mRﬁtrQﬁsi@rBOO

1: 1 60 t 000 m nut es
7900 ?x/rllﬁxrﬁfa% o/ The e peadas Srmatiden AalPiesskbia DiBResaeq AnApOPESEIERE

Bl OREACT{IR 10 Thi s exanpl e describes the T cells expansion using the
Doy 0 of the Xoel | orail #f UEHHAVRLSRERGYY Lol % Wiied, Hho lefngh oade o
process essqositielyyselectad asrdesedbed iEthenXcelleratet lhpracegaibub at twice dne cell
and bead concentration. The positively selected cells are transferred to a 20
liter Wave bag on the rocker platform. The volume is increased to 2 liter by
15 introducing complete medium into the bag via the outlet tube. The bag is then
incubated on the Wave platform, without rocking, at 37°C, 5% CO,. On day 3,
gentle rocking (5-10 rocks/minute) is initiated and the volume is increased to 6
liters. On day 4, the fluid delivery system is set to increase the volume of the
bag by 2 liters per day. On day 6, perfusion is initiated at from about 0.5 — 3
20 mis/minute and the outlet pump is set to maintain the volume of the bag at 10
liters. On day 9 to day 12, cells are harvested: the fluid delivery system is
disconnected and 5 liters of supernatant is removed through the outlet pump.
The angular magnet is attached to the out-put line. The expanded cell product
is allowed to flow out of the 20 liter bag into transfer packs. The de-beaded
25 expanded cell product is processed and cryopreserved.

All of the above U.S. patents, U.S. patent application publications,
U.S. patent applications, foreign patents, foreign patent applications and non-
patent publications referred to in this specification and/or listed in the
30 Application Data Sheet, including but not limited to U.S. Patent Application No.
09/960,264, filed September 20, 2001; which is a continuation-in-part of U.S.
Application No. 09/794,230, filed February 26, 2001; which claims the benefit of
Provisional Application Nos. 60/184,788, filed February 24, 2000, and
60/249,902, filed November 17, 2000, are incorporated herein by reference, in

35 their entirety.
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15 of cryopreserved CryocteTM containers fromwere renoved fromthe storage
freezer, thawed washed and filtered. Day O - A volune of cells containing
appr oxi mewelog/o9989 x 109 CD3+ cells was then m xed w th Dpoahmsazgsibt 450
CD3/CD28 T at a ratio of 3:1 Dynabeads M 450 CD3/CD28 T:CD3+ T cells and
incubated with rotation. 20 After the incubation, the CD3+ T cells were
magnetically concentrated and sinultaneously activated. The CD3+ T cells
were then resuspended t i um
ina Lifecell Cel] Cul f@rr%q%ewe@%‘%;@ﬁ@oﬁ%ypﬁ %ﬁétﬁétéleﬁm%gﬁ %s was
then placed gmbadimentsef. H&l‘%ﬂ&@nlmaﬁéﬁ QQ’SPG egdobetein fqronumosaswfnd

Day 3 - The filStratis, |\/&rlb§§ md‘diﬂlddﬂlbﬂs%éﬂﬂﬁéﬁaéé’i)vlthﬁﬁt dé\){étlrﬁf frpfl l‘ﬁ@ dpitnt

th t ent f th 4 L The 4
e content sakh shose BLW GvRRloR Acthditahy b BuS LB Irtiettexcabfey
20n or ar bunbly Ehe dppendiee olths. cAlll of mrenceé tpateﬂtsxmmctﬁphcatlca% etc.

additional d i ul S r hen
seeded into QY%QEO% ItéI?;lihf)blro or%{é% h ’hﬁﬂg'fr etn?getﬁ Pﬁﬁ%’bgﬁl %VﬁegcéLrhe
10 cel | s wer @ngeereeitad herein @xpllsrﬂ@m@we:aﬂ integer vaieememrtbeuramg@t 15
rocks/mnute and with perfusion at 1 m/mnute. Cell counts were determ ned
each day and conpared to cells stinulated and expanded using the static
Xcel lerate Il process. As shown in Figure 28, expansion was dramatically
i nproved when cells were cultured in 15 The Wave Bi oreactor. Further, cel
densities reached as high as 50 X 106 <cells/m in The Wave Bi oreactor, as
conpared to a maxinumcell density of 5 X 106 observed in the static

Xcel lerate Il process. Atotal cell count of about 800 billion was
achieved at day 12 of culture froma starting cell count of about 0.5 X
109 cells using The Wave Bioreactor. 20 Thus, The Wave Bi oreactor provides
an unexpected and dramatic inprovenent to the expansi on process.

Furt hernore, hitherto unobserved cell densities and final absolute cel
yi el ds were achi eved using The Wave Bioreactor. EXAMPLE XVIII 25
ALTERNATI VE PROTOCOLS FOR T- CELL EXPANSI ON USI NG THE WAVE BI OREACTOR
Alternative T-cell stimulation/activation and expansion strategies using
The Wave Bi oreactor, or conparable bioreactor systens, are devel oped
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to achieve high cell densities and high final cell yields. 30 In one
strategy, cells are thawed and washed and positive selectionis initiated
as descriwedsiouoshe Xcellerate |l process. The positivel ypPCcyaisevesadl cel | s
are transferred to a 2 liter Wave bag on the Rocker platform. The vol une
isincreased to 1 liter by introducing conplete mediuminto the bag via
the outlet tube. The bag is then incubated on the Wave platform w thout 35
rocking, at 37C, 5% CO2. On day 3, gentd;gA[%ki ng (5-10 rocks/mnute) is
84 WD 03/024989 PCT/ US02/28161 initiate day 4-5, the contents are
transferred to a 20 liter Wave bag, and the volune is increased to 4
liters. The fywhabisOhinwRy i¢: sSystemis set to increase the volunme of the bag
by 2 liters per day. On day 7 -8, perfusion is initiated at fromabout 0.5
- 3 mMs/mnute and the outlet punp is set to maintain the volume 5 of the
ld)alg' at 10 liter s_. On day. 9 tA ndetitodZor aelivatingrandhexparsdieg:a pbsulhtion df(;r-
elivery syst i supernatant is renove
through the 0Ol Ibg{téar')'as(rirjp?% %8%%’3'&%55 héé[ﬁéﬁs’ﬂé attached to the out-put
line. The expanded celd. pr oqudlrigsaapomx}aiwrt of celsvwhereiof att leasta portion bag
into transferthewlégmp'rggsdecé]gaded expanded cell product is processed and
cryopreserved. I'n an alternatjve strat e%%%cel | s are thawed and washed

and positively seI ect & as GPBRGINGIRIG ROPH Qf ceflavwath g surigees wherginat
twice the celdaid @Dda@@hds@mﬁéd tieéretdnond o¢ nisrel dgened thaﬁfhbﬁté §d:eﬂ€s|u|rféc§f e

transferred to a, 20 er Wave bag cke latf | une ;i s
increased to rgoretsf é)lf q}y eiagt |anPPg'(9|9cPﬁ31%5‘enﬁ?l |md‘Hf"f)er§t 8a ‘Ecﬁgﬁ 9[‘9 t he
out | et tube wherelragaids Tt bells eixpandaoeal ammcehtfatuﬂvef rabmut dretween t60Gt10°

rocking, at SifieiPAhBo P08 col R oS B Ao e Quédigks/ m nute) i s

|n|t|ated an e Vo I'sS I ncreased the fluid
delivery systemis set to increase the volune of the bag by 2 liters per

daé t ﬁh da%/I 6, perfusiqn is THy He’%?@di ortcrrérhpm wher&n %a'fd Tb%er?sp aPéi gfe'rlk/egt e
an e ou u mai ntain the 0 e bag, a iters.
O day o to diyhEsngR ingvidua AR Nelrela:saic, Gellerexbend foer 5 ting pumber
di sconnect ed Gfméll§ of abeuts100 Xsi@Fewrataaltofiaboue00 o1 0heelisth ledwthant dlsdut
punp. The ang ?@Pgnet is attached to the out-put |ine. The expanded

a

cell product wed to flow out of the 20 liter bag into transfer
packs. The de- beaded 25 expanded cell product is processed and

cryopreserved. Al of tdle ahmenidifod RAGIRE 1. WhéreiP Sl BBIR Fdidetled
publi cati ons, atent . ap I I cations, forei patents, forei.gn patent
appl i cati ons gma a,ﬁm l& individual and wherein'said T ce s expand from a startlng number

of cells of about 100 X 10° to a total of about 200 X 10° cells in less than about

two weeks.

4, The method of claim 1 wherein said T cells are derived
from a single individual and wherein said T cells expand from a starting number
of cells of about 100 X 10° to a total of about 300 X 10° celis in less than about
two weeks.

5. The method of claim 1 wherein said T cells are derived
from a single individual and wherein said T cells expand from a starting number
of cells of about 100 X 10° to a total of about 400 X 10° cells in less than about
two weeks.

6. The method of claim 1 wherein said T cells are derived
from a single individual and wherein said T cells expand from a starting number
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patent publications referred to in this specification and/or listed in the
30 Application Data Sheet, including but not limted to U S. Patent

Appl i cat iwo 00249809/ 960, 264, fil ed Septenber 20, 2001; whiPCh/tsg2/28161
continuation-in-part of U S. Application No. 09/794, 230, filed February
26, 2001; which clains the benefit of Provisional Application Nos.

60/ 184, 788, filed February 24, 2000, and 60/249,902, filed Novenber

2000, are in rsat i h V\D
03/ 024580 POl LSS SRPu F0E 01610 £)AEEESbol 500 1h E%*Saﬁg‘%%?*a%ﬁea%

al t hough spe’ﬁ"quge'&bodl ments of the invention have been described herei n
for purposes of illust rati on, various nodifications my be nmade wi t hout

hventi on 5 not i thd exdBbretos §yIErs TBEBRiBGHs o relS AT dsrived”
I nv | IS | X

r ef erences, ﬂwrma\simglqolademduaaptiivmarémrsald dtcells exipard frobvaestariing number
| nor porat edofalg gt dul B60' 56410 1ofal GREAE100% 10" R ke 1B

recited herein explicit I ncl ude a I hteger valu € ran
WO 03/ 024989“@%]3!)2/ 28161 CLAIMS What is clained is: 1. A net hod for
activating and expandi ng a popul ation of T- cells by cell surface rmi ety

| igation, conprising: a. prgvidin opul at,i on of, cell rein | east a
portion thereof conpr¥ses -Q:é"l‘?tg?gﬁﬁ @%'m de ﬁ@e'ga?adldzroﬁﬂ S2E'® QS\‘VegeI | s

with a surf afeem asiegls individiial and vitwreinhasd Tt delis eagaht éroet @ starting numbie?

el Ts. ana G qIALEEL 500%1 350 4 B adiun 200 X35 B Babrthall bt o
concent r at i owooweaksut bet ween 6 X 106 cells/nl and about 90 X 106

cells/mM in less than about two weeks. 2. The nethod of claim1l wherein

said T cells are derived froma 5| ngl e individual and wherein said T cells
expand from a starting-nunbeie mgth @‘équsd%'f“ dowhereinsaid osels age tdariyedof

about 100 X fi& @@uhP@ inBiidte$ ahb WherdinWaid muw&band $ronT b%témh @@nﬁﬁercl aim

1 wherein said Cﬁﬁ H%QOS{EQWH%E’@W@%#&% Iéggbg |1§§il Sa'ﬂgﬁ§s @m\,\&) 6 to

salcheIIs
a total of dboauwedl®) X 109 cells in | ess than about

10. The method of claim 1 wherein said T cells are derived
from a single individual and wherein said T cells expand from a starting number
of cells of about 500 X 10° to a total of about 400 X 10° cells in less than about
two weeks.

11.  The method of claim 1 wherein said T cells are derived
from a single individual and wherein said T cells expand from a starting number
of cells of about 500 X 10° to a total of about 500 X 10° cells in less than about
two weeks.

12. The method of claim 1 wherein said T cells reach a
concentration of about 50 X 108 cells/ml in less than about two weeks.

13. The method of claim 1 wherein said T cells reach a
concentration of about 60 X 10° cells/ml by about day 12.

14. The method of claim 1 wherein said T cells reach a
concentration of about 60 X 10° cells/ml by about day 7.
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two weeks. 4. The nethod of claim 1l wherein said T cells are derived from
a single individual and wherein said T cells expand froma starting nunber
of cells wboaboyss 100 X 106 to a total of about 300 X 109 Pceluse2/28161 ess

t han about two weeks. 5. The nethod of claiml wherein said T cells are
derived froma single individual and wherein said T cells expand from a
starting nunber of cells of about 100 X 106 to a total of about 400 X 109

cells in |less than abo t V‘ﬁfelfﬁo t i ai d
T cells are derived fr%m awsql ng( eQRJG f EI%ETAF? Wﬁgvﬂgr%'ﬁ ?al dlY&;%&}If &
expand from &0B¢HEgtien of @beet 60 &71Qisalis/robasoaboyiday %02/ 28161 of cel|'s of
about 100 X 106 to a total of about 500 X 109 cells in | ess than about two

weeks. 7. The net hod of cI i 1 erein said Ils are riv froma
singl e individual and Werei H] sﬁ\m@"c’ﬁec‘& F'é‘"Bxlawﬁef%’%n?%Id fa??lfsné

of cells of abm&nt&h@n)ﬁfmﬁutmx taft alisonl Bbaboutdzy 72.109 cells in | ess
t han about two weeks. 8. The nethod of claim1l wherein said T cells are

derived froma single individual and wherein said T cells expand froma
starting nunber of celTs ofhabmeth@bmixclags 1owherain asaidf Tageis remmh @ 109

cells in | es%oﬁé'@ﬂra’ﬁgﬁl&f abbP7ovseks. cecIIs/n:I-Ihf}/ ggéd}%vyﬁj claim1l wherein said

T cells are derived froma single individual and erein said T cells
expand froma starting nunber of cells of about 500 X 106 to a total of

about 300 X 109 cells 8. | eThet in@thabwit clatm\m wehkmin 16hid Thecelk! hegthofa

I 1 wh I I di vi dual d
wher o1 n <o o Senesiftetiofdf Bgts 7 S°celfo iy AMBEY ! Scell's of about 500 X
106 to a total of about 400 X 109 cells in Iess t han about two vveeks 11.
The nmethod of claim1 Y‘@ere*r@e e?hoTj Co?'élguﬁr? Wﬁél‘éfﬁd?alar?”b%

i ndi vi dual and wherein said ceIIs
of about 500csnaandration of abput BQ)‘?( Hbcﬁﬁ"sé')@'(b»@qq}g deyi1% in |ess than about

two weeks. 12. The nmethod of claiml1l wherein said T cells reach a

20. The method of claim 1 wherein said T cells reach a
concentration of about 80 X 10° cells/ml by about day 7.

21. The method of claim 1 wherein said T cells reach a
concentration of about 80 X 108 cells/ml by about day 9.

22. The method of claim 1 wherein said T cells reach a
concentration of about 40 X 108 cells/ml by about day 12.

23. The method of claim 1 wherein said T cells reach a
concentration of about 40 X 10° cells/ml by about day 7.

24. The method of claim 1 wherein said T cells reach a
concentration of about 40 X 10° cells/ml by about day 9.

25. The method of claim 1 wherein said T cells expand by at
least about 1.5 fold in about 24 hours from about day 5 to about day 12.

26. The method of claim 1 wherein said population of T cells is

seeded into a culture container that holds from about a 0.1 liter volume to about
a 200 liter volume.
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concentration of about 50 X 106 cells/m in |ess than about two weeks. 13.
The method of claim1l wherein said T cells reach a concentrati on of about
60 X 106 weloBs24989 by about day 12. 14. The nethod of clai mCI/ushzesabh said T
cells reach a concentration of about 60 X 106 cells/mm by about day 7. 88
WO 03/ 024989 PCT/ US02/ 28161 15. The nethod of claim 1l wherein said T cells
reach a concentration of about 60 X 106 cells/m by about day 9. 16. The

met hod of claim1 wherei Sai'ﬁlw_eanfE% e t i 0 X
106 cells/m by about déc'r;"lz 7. ] ééncgtﬁégnggs C_Flaiél %mlcs\%ﬁergglltﬁjesg?@a&]ez
cel |'s reach a coseprisasiatdeass onerinigbtiter argl onelostleldiltes/ M by about day 7. 18.
The nethod of claiml1l wherein said T cells reach a concentration of about

70 X 106 cells/m by abquyt d 9. 19., The nethod of claiml1l wherein_said T
cells reach a concentr %lé'on @Sé’lﬂd @{;C'%”l@@ waered) sRidppoRIiAN 8{;1/- Cefis

20. The net hods gbedédiatrad intisr soncestationlotgbdut 0.2¢C 0%cellsimbRaGUL iSOX 10
about 80 X 106C ﬁg)’J"S/m by about day 7. 21. The nmethod of claim 1l wherein
said T cells r&42M"a concentration of about 80 X 106 cells/n by about day
9. 22. The method of claim1l wherein said T cells reach a concentration of

about 40 X 106 cells/m Jdgy abgat p ;gﬁgggﬁ\t i in
said T cells reach a conéentrat?’gﬁ%gg&a I%’ﬁ% 14 ogé‘geﬂpgﬁ%nﬁh&/&g oﬁgday
7. 24. The netdRedIYSEeMi m 1 wherein said T cells reach a concentration of
about 40 X 106 cells/m by about day 9. 25. The nethod of claim 1l wherein

said T cells expand by | east ahput 1.5 f.old jn about 24 hqurs fro
about day 5 to about dagatolz. e@@ "’Fﬁgf’ﬂe%&@'m avhgreinsaid; glosed dsyspém
popul ati on of chmywides a sontaged edmpnisingaatdebstuore indettfiiencong batletHitted sarfd am
about a 0.1 lilstagﬁrmww to about a 200 liter volune. 89 WD 03/024989
PCT/ US02/ 2816 i e rethod of claim26 wherein said culture container
conprises at least one inlet filter and one outlet filter.

31. The method of claim 29 wherein culture medium is
perfused through said closed system.

32. The method of claim 31 wherein said perfusion is initiated
on about day 4 at a rate of about 0.5 mi/minute to about 3.0 mi/minute.

33. The method of claim 31 wherein said perfusion is initiated
on about day 6 at a rate of about 0.5 ml/minute to about 3.0 mi/minute.

34. The method of claim 31 wherein said perfusion is initiated
on about day 8 at a rate of about 0.5 ml/minute to about 3.0 mi/minute.

35. The method of claim 31 wherein said medium is selected
from the group consisting of RPMI 1640, AIM-V, DMEM, MEM, a-MEM, F-12,
X-Vivo 15, and X-Vivo 20.

36. The method of claim 31 wherein said culture medium
comprises a cytokine or a vitamin.

37. The method of claim 36 wherein said cytokine is selected

from the group consisting of IL-2, IFN-y, IL-4, GM-CSF, IL-10, IL-12, TGFp, and
TNF-a.
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28. The nethod of claim 26 wherein said population of T cells 1is seeded at
an initial concentration of about 0.2 X 106 cells/m to about 5 X 106

cell s/ M .wD3/034989 net hod of claim 1l wherein said expansi oRCPAISO2/BBIEN a

cl osed system 30. The nethod of claim29 wherein said closed system
conprises a container conprising at |east one inlet filter, one outlet
filter, and a sanpling port. 31. The nethod of claim 29 wherein culture

mediumis perfused thggughTgagi ﬁlleie}llcf%on %ﬁeﬁ' witereilh@ale idifdrePm |§Hn 31

wherein said perfusion. s initiat out day 4 at a rate of about
m/minute toCaWBIEESSHTREAM nute. 33. The method of claim 31 wherein sai d
perfusion is initiated on about day6at a rate of about 05n1/n1nuteto

about 3.0 m/m nute. 3 f cl,ai 1 i erfusi.on i s
initiated on about day® ?h 1°f acﬂ%'l]{n%' %ﬁ%ﬁi %ﬁlda 88%6@?&%%

m / m nut e. BBom]JHsesranmdbody cl a| m 31 wherein said nediumis selected from
the group consisting of RPM 1640, AIMYV, DMEM MEM a-MEM F-12, X-Vivo

15, and X-Vivo 20. 36. The nethod of claim 31 wherein said culture medi um
conprises a cytoki ne of0a vibanngthal; of Tglaimyedthheseine saidncyluigh sRedivms ai d

cytokine is semprisesiplakhiatdie group consisting of 1L-2, IFN-y, |L-4,
GVt CSF, |L-10, IL- 12 TG(3, and TNF-a. 90 WD 03/ 024989 PCT/ US02/ 28161 38.

The net hod of claim 31 wherein said culture nmedium conprises surfactant.
39. The nethod of clai#1.31 Whermethchiofl alai (81e wheteinmsaito wpltuke snedium

ant i body. 4029$B%€§%€%6§£%%b%{n 31 wherein said culture medium conprises

pl asmanat e. aim 31 wherein said culture nmedium
conprises a reducing agent. 42. The nethod of claim41l wherein said

reduci ng agent conpriges NrR&ehméthdd/ Df €4l 41 wherein said reducing agent
comprises N-acetyl-cysteine.

43. The method of claim 41 wherein said reducing agent
comprises 2-Mercaptoethanol.

44. The method of claim 29 wherein said closed system
comprises a bioreactor culture container positioned on a platform capable of

rocking.

45. The method of claim 44 wherein the speed and angle of
said rocking platform are variable.

46. The method of claim 45 wherein rocking of said platform is
initiated on about day 3 at about 5-10 rocks/minute.

47. The method of claim 45 wherein rocking of said platform is
initiated on about day 3 at about 11-15 rocks/minute.

48. The method of claim 45 wherein said platform further
comprises a variable heating element.

49. The method of claim 45 wherein said platform further
comprises a magnet.
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43. The nethod of claim4l wherein said reducing agent conprises

2- Mercaptoet hanol . 44. The method of claim?29 wherein said closed system
conpri seswa obiopweact or cul ture contai ner positioned on a pcatiSoz/zsieapabl e
of rocking. 45. The nmethod of claim 44 wherein the speed and angl e of
said rocking platformare variable. 46. The nmethod of claim45 wherein
rocking of said platformis initiated on about day 3 at about 5-10

rocks/ mnute. 47. The th j ; rey } i I rm
is initiated on _aboutgg'%:;%;%mé;%%@ %%ﬁi@%r\gﬂc‘: se}r%%ngibg).s‘ézjgygmﬁunﬁ%gd of
f

cl ai m 45 whefF@RNSSES 8 99F urther conprises a variable heating
el ement. 49. The nethod of claim45 wherein said platformfurther

conprises a nagnet. 91 4989 PCT/ USQ 8161 50. The method . of, claim

45 wherein said cl osedsi\;)s?ﬁf‘rgﬁlﬁ?%?\%f)%%w i‘é'é%reg‘ 3Ad cl%ﬁ‘?l"f%lsge.mélir.thel"he

met hod of cl edmprSesvae syiinges pudpc landecortyal tfemsterile Heansferotpraindefom sgidi nge

punp and CO”{:IBQ{edEg]ét?ﬁ{e” |l e transfer to and fromsaid closed system 52.
C

The nmet hod o wherein said surface has attached thereto a first
agent that ligates a first T-cell surface noiety of a T-cell, and the sane

or a second surface hagpal tPRARRGthOGICHIM FRIEINAEADsLIAR) HasOidthed
second noi ety of, said, T-ce|], .wherein_s agion b rst and secon
agent i nducéker%tpcﬁ #'%@PPL%%%@@?(P fl"sgéf? ‘Fe.l'l %ﬁfacﬁk@oé@( Hﬁa -IldFel |aRdnthg2
wﬂer e: n sai dsameroroa secomd sdrfase hbiacattdched ahéretd adsdcoatedgent thati Irgét@gaﬂt
that |igates : . of _sal Y=Y ei n..saj e
first. secondeardBiet bFidiant oo ineloin Sd idRFLy 1) ahd Bheqi et
The met hod oihduces prdiferation ehsaiddneelhgent is an antibody or an antibody

fragment. 55. The nmethod of claim52, wherein the first agent is an

anti body or a fragnent ther_(leof, and the second a%ent_ is.an antibody or a
fragment thereof . 53. he method of claim 52, wherein said same or a”third

surface has attached thereto a third agent that ligates a third moiety of said T
cell wherein said ligation by the first, second, and third agents induces
proliferation of said T-cell.

54. The method of claim 52 at least one agent is an antibody or
an antibody fragment.

55. The method of claim 52, wherein the first agent is an
antibody or a fragment thereof, and the second agent is an antibody or a
fragment thereof.

56. The method of claim 52, wherein the first and the second
agents are different antibodies.

57. The method of claim 52, wherein the first agent is an anti-
CD3 antibody, an anti-CD2 antibody, or an antibody fragment of an anti-CD3 or
anti-CD2 antibody.

58. The method of claim 52, wherein the second agent is an
anti-CD28 antibody or antibody fragment thereof.
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56. The nethod of claimb52, wherein the first and the second agents are
different antibodies. 57. The nethod of claim52, wherein the first agent
is an antweo i@b39snt i body, an anti-CD2 anti body, or an ant Pbodisot/esaghent of
an anti-CD3 or anti-CD2 antibody. 58. The nethod of claim52, wherein the
second agent is an anti-CD28 antibody or antibody fragnent thereof. 92 WO
03/ 024989 PCT/ USOZ/ 28161 59. The nethod of claimb52, wherein the first

agent is an anti- gt' b?ﬂ ggktﬁv(\ﬁﬁﬁpﬂg \?fﬁ@ﬂetm e g%é@ebf 7 anti

anti body. 60._ The rret ho and
the anti -@2@%@[‘%%)’ qgtr\?r%@@ﬁ@ agenhisran Agti QD%thDOﬂYI to about 1: 100.
61. The nmethod of claimb52, wherein the first agent is an anti CD3 anti body

and the second agent ig.a I and The net hod of

wherein the ligand is §0natltlj- El me{ho&acgzc?adm é%Qﬂ’heB%" %ﬁea%ﬁﬂé’da&'be% m
62, wherein tand thaantidD28 gatibbdysadpresért. at Ehatiowsf abdubt:1dbaiboud3: 1@0. | east
one agent is an antibody or an antibody fragnent. 65. The nethod of claim

53, wherein the first agent is an antibody or a fragment thereof, and the
second agent is an ant Bhody Tbe methpdfralaim bRewberein 8% first@gest lsoan @ntic| ai m

53, uher el n 1% &htisda 0l oserenandonpONigar for Griger ent anti bodi es. 67,

The nmethod of claimb erein thefirst agent is an anti- CD3 anti body,
an anti-CD2 anti body, or an antibody fragnent of an anti-CD3 or anti-CD2

anti body. 68. The net hed. of Theansathod, ofvbkirai 61, Whersht ane ligaadtisi & ratural
anti-CD28 ant, %g)(ﬁl rct[(,D tibody fragment ther eof. 69. The method of claim
53, wherein 9 g%}ent is an anti- CD3 anti body and the second agent
is an anti-CD28 anti body. 70. The nmethod of claim®69 wherein the third

agent is an antibody gg anthBoRkinbsd9ERith 62)Ghahdin the ndfdrIdAAdI8B7.

PCT/ US02/ 28161

64. The method of claim 53 at least one agent is an antibody or
an antibody fragment.

65. The method of claim 53, wherein the first agent is an
antibody or a fragment thereof, and the second agent is an antibody or a
fragment thereof.

66. The method of claim 53, wherein the first and the second
agents are different antibodies.

67. The method of claim 53, wherein the first agent is an anti-
CD3 antibody, an anti-CD2 antibody, or an antibody fragment of an anti-CD3 or
anti-CD2 antibody.

68. The method of claim 53, wherein the second agent is an
anti-CD28 antibody or antibody fragment thereof.

69. The method of claim 53, wherein the first agent is an anti-
CD3 antibody and the second agent is an anti-CD28 antibody.

70. The method of claim 69 wherein the third agent is an
antibody or antibody fragment thereof.

93



71. The nethod of claim 70 wherein said third agent is an anti- 4-1 BB

anti body or anti body fragnent thereof. 72. A population of T-cells produced
accor di ngwoeshmsaet hod of claiml. 73. An apparatus, corpmitsongsial a

cl osed culture container conprising at |least one outlet filter and one
inlet filter; b. said closed culture container having inside a vol une of

cul ture nmedi um conprising expanded T cells at a density of fromabout 6 X

106 cells/m to about 790 XTﬁQ%étﬁbH%‘f@aérgz(? Yvyaﬁiﬁ%gﬁfxﬁgrg?g%@f fés 'm'Ehﬁ:;’S

wherein said e nded cel | are at a : :
The appar at u§‘ﬁ$€@|"ﬁpﬂﬁ-[y7@’ %ﬂ@@é‘ﬁf%@té%@%ed Tcells are at a density
of 20 X 106 cells/m. 76. The apparatus of claim 73 wherein said expanded T
cells are at a density,of 30 c S : — rafus of clajm73
wherei n sai d expanded T<cel gspgéé‘l}%%& Stllrb‘[eem&Rréga?eéigc%@%@a‘t@eﬁesmﬁ?mdm.
The appar at uof oRimIlai m 73 wherein said expanded T cells are at a density
of 50 X 106 cells/m. 79. The apparatus of claim 73 wherein said nedium
further conprises a surface wherein said surface has attached thereto a
first agent that |igafds aPPiaPparaits, CompRsie@ noiety of a T-cell, and the

same or a second surfage hascleddcpelraret brtairer comsimy agasistt Bd dutigat es
a second noi ﬁh%r of ,sai d ell. 80. A conposition conprising a total of 100

L-cel
X 109 activa a %8"%%%%4@*8& T cells froma single individual. 94 WO
03/ 024989 PCT/ US02/ 28161 84aidAclosedhanliittire cenfzmeti hgviag pinpidead i woiurme ofl | s

by cell sur L el L of
cul s b, " cospiaeRealin comBlicREexpanld ¥ Al dfa JES il BRI X 16721
surface has &elomhéqiabowdas X 16neelds/More agents that ligate a cell surface
noiety of at least a portion of the cells and stinulates said cells, and

wherein said cells exgind to a concentratli_on of about bhetween 6 X 106
cells/m and about 907% 106N @PPaats ah alaigs 73 yierghosaid expanded d. cells

are at a density of 10 X 10° cells/ml.

75.  The apparatus of claim 73 wherein said expanded T cells
are at a density of 20 X 10° cells/ml.

76. The apparatus of claim 73 wherein said expanded T cells
are at a density of 30 X 10° cells/ml.

77. The apparatus of claim 73 wherein said expanded T cells
are at a density of 40 X 10° cells/ml.

78.  The apparatus of claim 73 wherein said expanded T cells
are at a density of 50 X 10° cells/ml.

79. The apparatus of claim 73 wherein said medium further
comprises a surface wherein said surface has attached thereto a first agent that
ligates a first cell surface moiety of a T-cell, and the same or a second surface
has attached thereto a second agent that ligates a second moiety of said T-cell.

80. A composition comprising a total of 100 X 10° activated
and expanded T cells from a single individual.
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82. The nethod of claim8l wherein at |east a portion of said popul ation
of cells conprises B cells. 83. The nethod of claim8l1 wherein at |east a
portion oWolajozkspopul ati on of cells conprises NK cells. @¢T/UBam28met hod of
claim81l wherein at least a portion of said population of cells conprises
dendritic cells. 85. The nethod of claim81 wherein at |east a portion of
said population of cells conprises stemcells. 86. The nethod of claim81l

wherein at | east a porgq{on gf i f OAPLBE St | M@l
ol 5. 87 Tho.met hod B ol A TEBISY, (8P RAcRRG 3 poBlisHoROh e oy péh
popul at i on ofurfaqs Mok figatians COMPEISEWF | s. 88. The net hod of claim 81

wherein at |east a pordion moviiMda pppaktiohiopees; cells conprises neurons.
89. The nethod of claiym 81 wherein at..|least .a portion of sai popul ati on

of cells conprises nes%rnchy‘f%?a@g\gl §a'd§§’9¥é§‘tt§’§'/ Z(Eﬁjlﬁg”'%t?/ P28‘%6’Ie'§0. A
met hod for esgidrsdrfage dasaitdcheddhersto dnealrl moleyagaits thatuigate a oulli Rurface

ligation, co i Ldi |8t f.cell. rej t J.east a
portion the'lrﬁg([) (?(rf;%%rk?asség ﬁle-%@w(g;tﬂgﬁ%@gn%adc i ng'aée;% #'éo"?ﬂia%i‘@ﬁﬁ‘ﬁ& ells
with a surfa3’id caiierexpandsig a canceatratiomof about thetveereGeXo1® celiséml agant
that |igat esagoutigosk 108kbiigi {rifess thE %dutqovgawéfek%.e' |, and the same or a

second surface has attached thereto a second agent that |ligates a second
noiety of said T-cell, wherein said ligation by the first and second agent

i nd]thces ]Lor oliferati gn 8d. saitke ?hemd)d of @Lairfn081 ngﬂﬁngmﬂégata\{dombrg@f gaid .
surface for k i Q et ween and 5 days, seeding sai
popul ati on o‘?"pg’i‘{“@‘ %féeél%&@ﬁboéﬁ@F%?@ " of between about 0.2 X 106 and 5.0
X 106 cells/m in a closed system conprising a disposabl e bioreactor bag
conprising at least o i nl i ; et fiLlter d. i ng
medi um t hr ough sai d c{%%ed ﬁ/esﬁeérﬁlgq og%%ﬁrpoq.p “ﬁé}éhﬁnat}t%%léteé ppgé:%oﬁggésﬁgi d

bi or eact or bRRPURIAD efralis emnrisesdVfralls.-about  5- 15 rocks/ ni nut e;

84. The method of claim 81 wherein at least a portion of said
population of cells comprises dendritic cells.

85. The method of claim 81 wherein at least a portion of said
population of cells comprises stem celis.

86. The method of claim 81 wherein at least a portion of said
population of cells comprises liver cells.

87. The method of claim 81 wherein at least a portion of said
population of cells comprises lung cells.

88. The method of claim 81 wherein at least a portion of said
population of cells comprises neurons.

89. The method of claim 81 wherein at least a portion of said
population of cells comprises mesanchymal cells.
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and wherein said T cells expand to a concentration of about between 6 X
106 cells/m to about 90 X 106 cells/m in |less than about two weeks. 91.
A popul atwon3ot4989 cel | s wherein said T-cells are prolifer&Cirnggo2/z8161 wher ei n
said population is at a concentration of between about 6 X 106 cells/m
and about 90 X 106 cells/m . 92. The popul ation of T-cells of claim?9l
wherein said population of T-cells reaches a total cell nunber of between

about 100 X 109 and aggut AORethddYor Bxp&Sding "R bopultiRiS of T-Eallst By EeelPd

surface moiety ligation, comprising:

a. providing a population of cells wherein at least a portion
thereof comprises T-cells;
b. contacting said population of cells with a surface, wherein

said surface has attached thereto a first agent that ligates a first cell surface
moiety of a T-cell, and the same or a second surface has attached thereto a
second agent that ligates a second moiety of said T-cell, wherein said ligation
by the first and second agent induces proliferation of said T-cell;

C. following contact with said surface for a period of time of
about between 0 and 5 days, seeding said population of cells at a concentration
of between about 0.2 X 10° and 5.0 X 10° cells/ml in a closed system
comprising a disposable bioreactor bag comprising at least one inlet filter and
one outlet filter;

d. perfusing medium through said closed system at about 1
ml/minute;

e. rocking said bioreactor bag on a rocking platform at about
5-15 rocks/minute;

and wherein said T cells expand to a concentration of about
between 6 X 10° cells/ml to about 90 X 10° cells/ml in less than about two
weeks.

91. A population of T-cells wherein said T-cells are proliferating
and wherein said population is at a concentration of between about 6 X 10°
cells/ml and about 90 X 108 cells/m.

92. The population of T-cells of claim 91 wherein said

population of T-cells reaches a total cell number of between about 100 X 10°
and about 500 X 10° in less than 2 weeks in culture.
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